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FOREWORD 
This 1973 Analog Devices' PRODUCT GUIDE has been pre
pared for the designer of instrumentation and systems which 
accept, analyze, process, convert, transmit, display and react 
to analog signals . In addition to cataloging all current products 
available from us , it also classifies products, presents product 
orientation and explanatory data to make it as simple as pos
sible for you to decide upon and specify our products for 
your application . We suggest that you spend a couple of 
moments now acquainting yourself with the format and how 
to use it to assure that you receive maximum service from it. 
Since the information contained in this GUIDE updates that 
in the 1972 edition, in many places considerably, we strongly 
urge you to use this 197 3 edition as your primary informa
tion source. 

GUIDE PROFILE 
You will notice from the table of contents, five major product 
categories are presented: AMPLIFIERS; CONVERTERS; 
DIGITAL PANEL METERS ; FUNCTION MODULES; 
LINEAR INTEGRATED CIRCUITS. Each has a "product 
guide" which is a straight-forward product presentation in
cluding narrative and specification tables. The AMPLIFIERS, 
CONVERTERS, DIGITAL PANEL METERS and 
MULTIPLIERS/DIVIDERS (under FUNCTION MODULES) 
also contain an " orientation" preceding the " product guide" 
which presents decision making criteria upon which to base 
product choice. Both discrete and integrated circuit products 
are discussed in these sections. 

In addition to the product descriptions, diagramatic views of 
the style and dimensions of the packaging into which our 
products are designed are presented in one convenient loca
tion. The package designations are referenced in the respective 
sections for each product. 

Two quick reference product/page indices , one organized by 
product category and class, the other by model number , are 
also included. 

This GUIDE also contains a discussion of significant new 
products, a worldwide business guide, and an overview of 
Analog Devices, a worldwide service-oriented company. The 
company you do business with is as important a consideration 
in the product selection process , as the product itself. The 
summary of our company presented here should , we believe , 
be reviewed with the same interest as the product presentations. 

HOW TO USE THIS GUIDE 
There are a number of ways to use this publication depending 
upon your particular product needs, level of understanding of 
the technology , and knowledge of the Analog Devices product 
line. In general : 

• IF you want to reference a product that you know by 
model number, THEN simply refer to the Model Number 
Page Index (page 208). 

• IF you know what class of product (i.e., High Resolution 
AID Converters), but need to decide on a specific model, 
THEN refer to that product class listing in the table of 
contents . On the page indicated you will find sufficient 
information to make a choice. 

• All of the integrated circuits are presented both in the 
LINEAR INTEGRATED CIRCUITS section as well as 
the AMPLIFIER PRODUCTS section . Thus, if your re
quirement is definitely for an IC use the information in 
the IC section. If you are undecided, the data in the 
AMPLIFIER PRODUCTS section on both modules and 
!C's will help you choose. 

• In addition to their presentation beginning on page 10, new 
products, improvements in performance and price reduction 
are called out in color in the margin of the page where that 
product is listed, and by a color block on the table of speci
fications for that product within a series. 

In most cases, the information contained in this GUIDE should 
provide sufficient information to make a product choice. Of 
course, additional documentation and application information 
are available on all of these products from our representative 
in your area or directly from the factory . Information request 
cards are attached for your convenience. 

Your comments regarding this GUIDE are always welcome, 
and we thank you for your continued interest in our company, 
its products and services. 
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A WORLDWIDE SERVICE-ORIENTED COMPANY 
This 1973 PRODUCT GUIDE reflects Analog Devices' on
going commitment to provide the user community with the 
most meaningful product support program. It is this type of 
demonstrated commitment in all areas of our operation which 
is user-recognized and which is responsible for our maintain
ing the position of leadership in our field . 

Programs of this nature underscore Analog Devices basic 
operating philosophy : to understand what the user - designer, 
researcher, buyer - really needs, and to respond beyond the 
expected . This objective transcends simply providing the best 
in products . The objective demands considerations of such 
factors as : product breadth; product reliability; product 
availability; product innovations; customer support; and 
vendor stability. 

Unless these criteria are included in your decision making 
process , yuu are not exercising your full prerogatives in 
making the best overall choice. 

ANALOG DEVICES, INC.: The company has grown in sales 
volume from a half-mil.lion dollars in 1965 to over $15 million 
in 1972 . The company employs more than 600 people world
wide. We recently announced and have already begun to im
plement a five year expansion plan with the objective to 
become the dominant supplier of devices, modular instruments 
and subsystems to the instrumentation and control markets. 
Expansion in sales and earnings is projected at 25 percent per 

Net Sales 

$18 Million 

16 

14 

12 

10 

year . The company will continue to offer the broad range of 
products presented in this PRODUCT GUIDE. We will also 
expand our technological base in the area of integrated cir
cuits, modular instrumentation and analog input/output 
peripherals for minicomputers . In addition to continued in
vestment in product development, we continue to seek selec
tive external opportunities in support of our program. 

As we entered 197 3, we reorganized into a divisional struc
ture comprised of the Modular Instrumentation Division 
which will concentrate on the development of modular in
struments and analog I/O devices, and the Microcircuit 
Division, consisting of three operating groups which will 
provide us with the advanced IC technology to meet our 
internal requirements and those specialized requirements of 
the open marketplace. The three groups are : Nova Devices in 
Wilmington, Massachusetts specializing in bipolar thin film 
IC's;Resistor Products Division in Rochester, New York, 
specializing in the development of thin film resistor networks 
and substrates; and our Santa Clara, California operation 
which will concentrate on high performance monolithic 
transistors and analog CMOS devices . 

Our confidence in the longer term future grows each year as 
the opportunities accessible to Analog Devices become more 
visible and our resources continue to develop and mature. 

(Analog Devices is a publicly owned company and its stock is 
traded over-the-counter. NASDAQ symbol: ANLG) 
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PRODUCT BREADTH: Once dissatisfied users themselves, 
Analog Devices' founders launched their company in 1965 
with a line of high performance operational amplifiers. Since 
then, the company has continually monitored the market 
requirements and now offers, at all price/performance levels, 
a broad range of amplifiers, converters, computation and 
function modules and accessories in both discrete and inte
grated circuit packaging. The Analog Devices product line is 
composed of some three dozen product classifications, and 
more than 200 models with over 350 standard variations. The 
continued expansion of our digital panel meter line, the recent 
introduction of our data control and communication modules, 
and our ongoing development of bipolar, FET and CMOS in
tegrated circuits are further expressions of our committment to 

provide special, and often unique, solutions to your broadest 
range of design problems. 

PRODUCT RELIABILITY: Product breadth is irrelevant if 
the products do not perform as expected. Our products are 
used in scientific and medical instrumentation, industrial 
control equipment, environmental systems, aerospace and 
military systems and other applications characterized by 
"hostile" conditions or critical operating requirements. Thus, 

Active laser trimming used in our IC fabrication is a fast and 
accurate technique for producing custom trimmed devices on a 
mass production basis. Although previously used for amplifiers, 
a recent breakthrough was the application of laser trimming of 
the thin film resistors directly on the chip of a new internally 
trimmed monolithic multiplier, AD532. 

reliability is a paramount consideration. Our wide ranging 
quality assurance program begins even before a component 
reaches our receiving dock. 

First, we engineer reliability into our products by selecting 
only the best components suited to the task, and the best 
production and test methods . Next, our strict vendor qualifi
cation and rating procedure assures us that the components 
we don't make ourselves, meet the quality and performance 
standards expected of the components we do make, and of 
the end product we build. 

Incoming component inspection includes this semi-automatic IC 
tester used for both linear and digital !C's built into our products. 
Testing assures these units will perform to all published specifications. 

- ·-:3" 

., ·s 

-
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Automatic power supply tester can check a dozen power supplies 
in a matter of minutes to assure that the units will meet specifica
tions for such parameters as output voltage and output tracking 
accuracy, line and load regulation, ripple and noise, and short cir
cuit protection. All of our products are subjected to rigid quality 
assurance procedures. 

6 ANALOG DEVICES 

Our product, performing reliably in your application, is the 
basis for our overall quality assurance program which also 
includes: extensive incoming component inspection; selection 
and grading in a controlled environment; visual and electrical 
checkouts during assembly; and environmental testing both 
before and after compensation (for our discrete products). 
We also have a regular program for burn-in of selected products 
(168 hours on each digital panel meter, for example), and for 
checkout and calibration of our testing equipment. Our 
integrated circuit devices are built to MIL-STD-883 
performance specifications; a discussion on this technique can 
be found in the section on Linear Integrated Circuits. 

Quality assurance doesn't end at the shipping dock. 
Occasionally units will not operate as expected. We have 
a department whose sole responsibility it is to investigate why 
products are returned (or rejected in manufacture), and to 
make recommendations for redesign, for new methods, or 
for whatever remedial action is necessary. Because of control 
procedures used during production, components used in our 
modular products can be traced to source lots, and the unit's 
production history can be referenced . This ability permits a 
more thorough analysis of why a unit failed. 

In addition to repair work processed in our factories, we also 
maintain a repair depot in Karlsruhe, West Germany, to 
service the requirements of our European customers. 

In short, our quality assurance program exceeds the boundaries 
of the usual or standard approaches. We'd rather have our 
products fail while they are being built, so they won't fail 
after you get them. 

PRODUCT AVAILABILITY: Next to performance, delivery 
is a most critical product consideration. The more widely 
specified products in our line are usually shipped directly 
from inventory. Forecasting techniques for product demand 
and our computerized raw material availability system provide 
reasonable assurances that we can meet these general require
ments. Our Modular Instrumentation Division in Norwood, 
Massachusetts, and our Microcircuit Division facilities in 
Wilmington, Massachusetts, Rochester, New York and 
Santa Clara, California feature the most up-to-date, ad
vanced techniques to meet virtually any delivery requirement 
for standard or special units. Our field and factory service 
staff is continually informed about the scheduled availability 
of specific items, and can quote specific delivery dates. 

A portion of our assembly area in our Modular Instrumentation 
Division facility is shown here. 



CUSTOMER SUPPORT: We won 't forget you. Analog 
Devices maintains several programs to keep users, and other 
interested parties, informed of new product developments , 
new techniques and new applications , and to keep us informed 
of user needs . These programs include : extensive product and 
application literature ; handbooks; buyers' guides; technical 
seminars; a world wide advertising and technical communica
tions program ; and our international journal , ANALOG 
DIALOGUE. (If you would like to receive this publication, 
use the information request card in this publication.) 

Our customer support program is personalized by more than 
150 professional sales engineers in 74 worldwide locations . Our 
field sales force is comprised of both Analog Devices personnel 
and representatives , all chosen for their applications expertise . 
They not only assist the user in understanding our products 
and business policies, but will lend assistance with applications 
engineering. 

This field force is factory-supported by a team of account 
service representatives. Each account is assigned to one of 
these representatives who is responsible to that account to 
assure all orders are processed efficiently , to answer any 
questions regarding price and delivery, to inform you of the 
status of returns, repairs and warranties, and, in general, to 

assist with all facets of ordering procedures. 

Each account is also assigned a factory-based applications 
service representative to provide technical information and 
application assistance when this is not readily available from 
the local representative. 

The depth of our total service establishment has been care
fully planned to assure that it is as easy as possible to conduct 
business with Analog Devices. 

Meaningful technical communications has become synonomous 
with Analog Devices. Our international technical journal, 
ANALOG DIALOGUE, for example, is read regularly by some 
50,000 technical people worldwide. 

The wafer diffusion area at our Microcircuits Division 
facility in Wilmington , Massachusetts is shown here. 
We recently doubled our facilities at t he Nova Devices 
subsidiary to 2 S ,000 square feet. 
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An AD2010 digital panel meter is shown here undergoing final test 
and calibration prior to packaging and burn-in. 
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PRODUCT INNOVATIONS: The same engineering and 
design expertise which has propelled Analog ·Devices into the 
forefront of its industry continues to explore and affect new 
techniques in product design. Among the many milestones 
credited to Analog Devices are: 
• popularizing encapsulated chopper stabilized op amps 

and power supplies (most recently, 234) 
• the first modular isolation amplifier for 

critical applications (272) 
• the first to develop and manufacture encapsulated 

DI A converters (MINIDACS) 
• first to build a true 16-bit binary DI A converter (DAC- 16) 
• first to develop and market monolithic current and 

voltage switches with 12-bit DIA capability and also 
provide the resistor network (AD550, AD555, 
AD850 series) 

• first high performance, wideband pulse-modulation 
multiplier (424) 

• first noninverting chopper op amp (260) 
• first truly self-contained monolithic analog 

multiplier (ADS 30) 
• first low cost, small, modular 1 microsecond AID 

converter (ADC- F) 
• first low drift, sub-picoamp, parametric op amp 

(3101311) 
• first laser-trimmed IC FET op· amp (AD506) 
• first easy-to-apply ultra stable IG: op amp (AD504) 
• first complete monolithic instrumentation amplifier 

(AD520) 
• first true 16-bit binary AID converter (ADC-16Q) 
• price and size breakthroughs in digital panel meter 

technology (AD2000 family) 
• nonlinear multifunction module (433) 

This automatic wave soldering machine complements other 
facets of our manufacturing facilities geared for volume 
with quality. 



Most of these units, or new generation improvements of them, 
are currently in our product line. And, as we move into 1973 
we continue to offer innovative, state-of-the-art advances 
including: 

• revolutionary technique for data contwl and 
communications in factory and laboratory appli
cations (SERDEX™ Modules) 

• monolithic multiplier whose thin film resistors 
are deposited directly on the multiplier circuit and 
then laser-trimmed (AD 5 3 2) 

• super beta transistors that are practical at high 
voltages (AD815) 

These and future design innovations are not the result of 
engineering for engineering sake but reflect our design response 
to customers ' practical needs, at a favorable pricing structure, 
and with no compromise in performance. 

In addition to product innovations, Analog Devices has con
stantly demonstrated its leadership position in interpreting 
product specifications and applications information, for 
establishing meaningful cataloging standards, and for simpli· 
fying the designers' selection and procurement processes. 

Volume production of our IC products includes automatic wafer 
scribing. The unit's diamond-tip stylus moves along scribe lines 
oriented to the crystal lattice structure of the silicon wafer to 
produce perfectly scribed dice. 

More than 5 ,000 organizations around the world currently 
comprise the Analog Devices user community. If yours is one, 
you have learned to expect these wide-ranging capabilities of 
Analog Devices described here. Independent surveys compiled 
from the opinions of professionals like you, consistently . 
reflect enthusiastic preference for Analog Devices' products 
and services. In fact, a recent study of a leading electronics 
industry publication ranked Analog Devices in the top 15 
companies most preferred of all suppliers in the industry. The 
reason : confidence in doing business with a leader. 

We are certain that this GUIDE, and subsequent updates and 
new editions, will make it even more convenient to do business 
with us. To those designers, researchers, and buyers not fully 
acquainted with Analog Devices, we welcome the opportunity 
to develop a strong working relationship with you. 

March, 1973 

The electrical characteristics of the active elements of IC 
wafers are continually tested in process on a sample basis to 
insure that the processing is in conformance with the circuit 
design standards. 
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The following are capsule descriptions of the products 
introduced by Analog Devices during the past year and 
scheduled for formal introduction during the next couple of 
months . In addition to new products, this selection includes 
brief descriptions of product improvements and product 
price changes. Additional information on these products 
can be found on the pages noted, except those entries 
indicated as "advance information." Unless otherwise 
stated, these products are currently available. 

SERial Qata EXchange Modules 
A revolutionary data exchange system which permits the in
terrogation and control of factory, process and laboratory 
control devices using only a standard teletypewriter was in
troduced by the Modular Instrumentation Division in March . 

Called SF.RDEX™ Modules, the new system is comprised of 
five modules which convert parallel output data from devices 
such as analog-to-digital converters into ASCII serial data that 
can be handled by a teletypewriter or other similar input/out
put device. Conversely, the modules translate ASCII serial out
put data into parallel data required by digital input devices 
such as DI A converters. Nine standard printing ASCII charac
ters are used to control the operation of the modules, and to 
control system components such as valves, sensors, motors, 
pumps, and switches. 

Although a SERDEX Module System can be manually con
trolled from a standard teletypewriter, it can also be readily 
controlled by any computer with a teletypewriter port. The 
use of standard ASCII characters permits all computer pro
gramming to be done in a high level language such as BASIC 
or FOCAL. Furthermore, since the only connection to the 
computer is through the teletypewriter port, no computer 
hardware interface is required . 

SERDEX Module Systems offer substantial cost savings over 
techniques currently used to handle data control in industrial 
automation and control systems. The greatly simplified soft
ware and the elimination of complex computer hardware 
interfacing offer not only direct cost savings, but indirect 
savings since computer professionals are not needed to design 
and implement the system. 

All of the modules within the system can be interconnected 
with inexpensive, easy-to-use twisted pair wires instead of the 
generally required shielded cabling whose cost can exceed 
that of the hardware with which it is used. 

The data is transmitted over the twisted pair wire via standard 
20mA optically isolated current loops. This results in highly 
reliable data transfer even in the presence of very high com
mon mode noise likely to be found in industrial environments. 

SERDEX Modules In Detail 
The five units which comprise the SERDEX Module family 
are: a serial data transmitter, STX1003; a serial data receiver, 
SRX1005; two modules which make up a multiplexer, 
SMC1007 /SMX1004; and a clock, SCL1006. 



When commanded, the serial transmitter will initiate a conver
sion in an A/D converter, and, after the conversion, send back 
the output data to the terminal or computer that requested it . 

The serial receiver receives up to 8 data characters (or more if 
expanded with external circuitry) which can be used to supply 
input data to a D/ A converter or other digital input devices. 

The multiplexer, which consists of two module types, allows a 
single teletypewriter or computer to control a total of 8 or 
16 transmitters and receivers. It is addressed from the control
ling terminal or computer, and more than one rank of multi
plexing may be used , resulting in unlimited system expan
sion capability. 

The clock module is an accessory module that supplies clock 
pulses and -15V power to the other modules in the system. 
One is required at each module location . 

All SERDEX Modules feature 0.025
11 

square wire wrapping 
pins, and require only +5 volts power. The STX1003 trans
mitter, SRX1005 receiver, and SMC1007 multiplexer are 
each housed in a 4 .25

11 
x 3.3

11 
x 0 .625

11 
case. The SMX1004 

multiplexer and SCL 1006 clock are each in cases measuring 
2.l"·x 2.1

11 
x 0.6

11
• 

SERDEX Modules are controlled by nine standard ASCII 
characters : ? I = $ * ! % ' and # 
Depending upon the mode of operation, interrogation or con
trol, these characters represent different commands. In opera
tion, SERDEX Modules will ignore all extraneous, user gen
erated inputs into the system. For instance, in the statement : 
WHAT IS THE LEVEL IN THE TANK? the SERDEX 
Modules will act only upon the control character that was 
transmitted, namely the question mark. 

This feature allows the user either during manual operation 
with a teletypewriter, or when programming for computer 
control , to use logical English statements in conjunction with 
the minimal instruction set. 

Complete information on SERDEX Modules is available from 
the factory or your local Analog Devices' representative. 

NEW DEVELOPMENTS IN TECHNOLOGY: CMOS 

A new technology - - komplementary Metal Qxide ~emicon
ductor (CMOS) - - is used for a new generation of analog and 
digital/analog interface products which will soon be available 
from Analog Devices, Inc. This technology allows for simpler 
designs and great reduction in power dissipation for a 
particular function. 

CMOS QUAD SWITCH - AD7510, AD7510A 
The AD7 510 and AD7 51 OA consist of four independent 
switches controlled by TTL, DTL or CMOS compatible logic. 
The switches have an "ON" resistance of about 70S1 with ex
tremely low "standby" power - - dissipation (below SµW). 

(Availability: May 1973.) 

CMOS 8 CHANNEL MULTIPLEXER - AD7501, AD7502 

The AD7501 is a single 8 channel multiplexer controlled by 
TTL, DTL or CMOS compatible logic, while the AD7502 is a 
differential 4 channel multiplexer. Both units have an " ON" 
resistance of about 2oon with a "standby" power dissipation 
below 5µW. (Availability : May 1973 .) 
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DIGITAL PANEL METERS 

AMPLIFIERS (MODULAR) 
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Analog Devices pioneered the design of +SVDC logic-powered 
DPM's, introducing the first model, the AD2001, in 1971. By 
powering the DPM from +SVDC, the size and cost of the DPM 
was markedly reduced, AC power line noise pickup was reduced 
and increased reliability was achieved . In the last year, Analog 
Devices introduced four more +SVDC powered DPM's, offer
ing a model for nearly every application. The DPM line offered 
by Analog Devices will be augmented in 197 3 with additional 
designs including AC line-powered units. (Page 116) 

AD2010, 30 DIGITS, LOW COST, SMALL SIZE, LED DISPLAY, 
RA TIOMETRIC OPTION. The AD2010 is a general purpose DPM, 
utilizing LED display packaged with MSI counters and latches 
to greatly reduce the overall design complexity, size, and cost. 
A ratiometric option allows measuring voltages compared to an 
externally supplied reference voltage. Leading zero suppression 
can be initiated externally. 

AD2004, 4% DIGITS, HIGH PERFORMANCE, ISOLATED IN
PUT, LED DISPLAY. The AD2004 has a floating optically iso
lated analog section to provide excellent common mode rejection 
(120dB) at high common mode voltages (±300V). The LED 
display section contains MSI counters and latched data outputs. 

AD2003, 30 DIGITS, HIGH PERFORMANCE, NUMITRON 
DISPLAY. The differential input of the AD2003 provides 80dB 
of common mode rejection at common mode voltages of ±2 .SV. 
The display uses large RCA Numitron tubes with a green filter 
matched to the response of the human eye. 

AD2002, 2 0 DIGITS, LOW COST, ANALOG METER RE
PLACEMENT, NUMITRON DISPLAY. The AD2002 is a unipo
lar, single-ended DPM designed to be competitive in cost with 
high accuracy analog meters. BCD data outputs are optional. 

AD2006, AC LINE-POWERED DPM (ADVANCE INFORMA
TION) . For those applications requiring a DPM powered by AC 
line power , Analog Devices has designed the AD2006, a 31/2 

digit panel meter using Sperry gas discharge displays. The 
AD2006 has a bipolar, differential input with a full scale range 
of 0 to ±l.999V. Maximum error is O.OS% of reading ±1 digit. 
The ratiometric option allows measurement of voltages com
pared to an externally supplied voltage . Common mode rejec
tion is 70dB at common mode voltages of ±300V (±SV with 
digital interface connections). The AD2006 is internally set 
for S conversions per second; external triggering can provide 
up to 90 conversions per second without display . AC power 
is connected on a separate rear panel terminal strip for lower 
noise pickup and greater safety. Pricing and availability: 
summer 1973. 

WIDE BANDWIDTH FAST SETTLING (Page 44) 
MODEL 50 SETTLING TO 0.1 % IN 90ns: Model SO features 
an lOOMHz gain bandwidth product, settling time of 90ns to 

0 .1 %, and an output capability of lOOmA. Slew rate sensitivity 
and settling time for an LSB step are far better than anything 
previously available. 

Drift is only lSµVJ°C (Model SOK), and when operated in a 
bandwidth of SHz to 2MHz, noise is only 8µV rms. 



LOW NOISE, LOW DRIFT FET AMPLIFIER (Page 40) 
MODEL 43K, 5µVl'C DRIFT: Designed for low level signal 
processing, the Model 43K is an update on the 43J design 
which combines low drift of 5µV I° C with low noise of 2µV 
rms in a lOkHz bandwidth. The differential FiT inputs, with 
bias currents of only lOpA, may be operated in both inverting 
and non-inverting applications. The full power bandwidth 
and slew rate have guaranteed specifications of 200kHz and 
12V /µsec, respectively. 

HIGH VOLTAGE AMPLIFIER (Page 54) 
MODEL 171, ±150V FET AMPLIFIER: Designed for applica
tions such as high voltage buffers, followers with gain, and high 
voltage integrators, Model 171 can be operated from a wide 
range of inexpensive power supplies. Power Supply Rejection 
is 7µV/V and CMR is greater than lOOdB. 

ISOLATION AMPLIFIER (Page 58) 
MODEL 274], GAIN 1-100 WITH A SINGLE RESISTOR : A 
new amplifier with additional isolation features and externally 
adjustable gains , allows low-level signals to be amplified using 
either its ECG or EEG input terminals. It also has ±lOV output 
swing, transformer isolation of the power source from the out
put as well as the input, and a choice of input terminals for 
applications, such as EEG 's, and low noise industria l appli ca
tions, in which lower noise may be traded for protection (e.g ., 
from direct application of defibrillators) . 

INSTRUMENTATION AMPLIFIER - IMPROVED PER
FORMANCE (Page 56) 
MODEL 605, EXCELLEN T LINEA RITY AND LO W DRIFT: 
Model 605, offering CMR of 70dB with a lkD. source un
balance, nonlinearity of 0 .005 % and RTI drift to 0 .5µV !° C 
now has improved RTO drift . Drift of 150µV!°C has now 
been reduced to lOOµV!°C for the J version, 75µV !°C for 
605K and 50µV f° C for the 605L. These improved specifica
tions are being offered at no additional cost. 

ELECTROMETER AMPLIFIERS - IMPROVED SPECIFICA
TIONS (Page 52) 
MODEL 42, BIAS CURRENT TO 75fA DRIFT TO 25µVf C: 
The popular Model 42, long recognized as an excellent electro
meter amplifier, now has dramatically improved specifications. 
The key parameters for electrometer applications, offset volt
age drift and bias current, can now be selected to 25µV!°C and 
75fA, respectively, on Model 42L. Model 42J and Model 42K 
offer similar improvements. And all are offered in a small 
1 1/8

11 
package at very low cost. 

LOW NOISE CHOPPER AMPLIFIER (ADVANCE 
INFORMATION) 
MODEL 261 , GUARANTEED NOISE OF LESS THAN lµV: 
The Model 261 is a second generation design which typically 
provides a significant improvement in the noise and bandwidth 
characteristics of Model 260 and other competitive models. 
Operating at a higher carrier frequency, this non-inverting de
sign features extremely low noise, 0.4µV p-p in a 1 Hz band
width; low drift, 0.lµV!°C; and an output that is virtually 
free of chopper spikes . 

Model 261 also offers a solution to beat frequency problems 
caused by a low frequency carrier mixing with harmonics of 
the AC line. The carrier frequency on this design is nearly a 
decade higher than that of models previously available, thereby 
eliminating the possibility of any interaction with the line 
frequency or its harmonics. 

The new model should be considered for all new instruments 
and circuit applications, or wherever improved performance, 
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at no increase in cost, is desirable for existing sockets. Models 
260 and 261 are mechanically and electrically interchangeable 
for these applications. 

Model 261 will be available in production quantities by June of 
1973 . Evaluation units are currently available . 

FAST SETTLING - PRICE REDUCTION (Page 44) 
MODEL 48, SETTLING TO 0.01 % IN 500ns MAX: Model 48, 
an ultra fast differential amplifier, has a 15MHz bandwidth, 
settles to 0.01 % in 300ns typical (500ns max), has a CMR of 
80dB, and slews at 125V /µs. The new price reduction now 
makes this amplifier the bt:st choice for high speed applica
tions requiring 20mA or less of output current. 

LOW COST DUAL SLOPE AID (Page 94) 
ADCIJOO, 3~ BCD DIGITS PLUS SIGN: A compact module 
ideally suited for use in data acquisition systems, or for driving 
a display, or for doing both jobs at the same time. It has an 
input range of ±199.9mV, but the input can withstand up to 
±20V indefinitely without damage . 

The unit features automatic zero correction before each con
version, and a gain temperature coefficient of less than 
50p~ml° Cover its full operating temperaturt: range of 0 to 

+70 C. The only power required is +5 .00VDC. The ADCllOO 
can be set for a normal mode noise rejection ratio of at least 
40dB for either 50Hz or 60Hz power line noise. All logic in
puts and outputs are TTL compatible. 

HIGH SPEED AID (Page 96) 
ADCllOJ, 12 BITS JN 3.5µs : A very high speed AID con
verter in a compact 2

11 
x 4

11 
module . Designed for high speed 

data acquisition systems and other applications requiring high 
throughput rates. It employs the successive approximation 
technique to perform an 8 bit conversion in 1.0µs, a 10 bit con
version in 1.2µs, or a 12 bit conversion in 3.5µs. 

Three user-selected input ranges are available : 0 to +lOV, ±SV, 
±lOV. Output coding can be natural binary, offset binary, or 
two 's complement . There are no missing codes from 0 to +50°C. 
Differential nonlinearity error is ±Yi LSB maximum. All logic 
inputs and outputs are TTL compatible. 

LOW COST SUCCESSIVE APPROXIMATION AID (Page 90) 
ADC-12QZ, 12 BITS IN 40µs FOR ONLY $129: A low cost 
general purpose 12 bit successive approximation A/D converter 
offt:ring 40µs conversion time, ±VzLSB maximum differential 
nonlinearity error, and a gain TC of ±30ppml°C maximum. It 
has no missing codes from 0 to +50°C. 

The ADC-12QZ is packaged in a 2
11 

x 4
11 

x 0.4
11 

module, and 
offers four user selected input ranges : 0 to +lOV, 0 to +SV, 
±IOV, ±SV. Output coding can be natural binary, offset binary, 
or two's complement. An easy-to-use serial data output is 
provided, and all logic inputs and outputs are fully 
TTL compatible. 

HIGH RESOLUTION SAMPLE-AND-HOLD (Page 100) 
SHA-6, SETTLES TO 0.00075% JN 5ms: A 2

11 

x 4
11 

x 0.4
11 

sample-and-hold amplifier designed as a companion to Analog 
Devices' ADC-16Q 16 bit AID converter. It will acquire and 
hold an input signal to 16 bit accuracy long enough for the 
ADC-16Q to convert it. 

Careful design and layout, an instrumentation amplifier-type 
input buffer, and high-stability resistor networks with excel-



FUNCTION MODULES 

POWER SUPPLY 

lent tracking TCR's are used. This results in the SHA-6 being 
stable over temperature within 2ppml°C, and over time within 
2ppm/month. 

SYNCHRO/DIGIT AL CONVERSION PRODUCTS (Page 102) 
A new line of synchro/digital conversion products was added 
early in 1973. The line initially is comprised of a 14-bit SID 
converter series (SDC1602), a 10-bit SID converter series 
(SDC1604), and a 5-digit synchro angle display meter 
(API1617). The SDC1602 features 14-bit resolution ±1 
arc-minute error, 1440° /second tracking rate and is less than 
7 cubic inches in size. The SDC1604 with 10-bit resolution 
(1024: 1) and 30' accuracy provides excellent performance 
in applications that do not require the exacting 14-bit reso
lution of the SDC1602. 

The API1617 angular position indicator provides LED 
readout and a BCD or binary output of a~gles from 0° to 
359.98° (continuous rotation), with 0.02° resolution <0.05° 
error, at tracking speeds up to 1440° /second. 

DIVIDER WITH VARIABLE GAIN (Page 137) 
Z . ·1 MODEL 434 , e

0 
= Y X , ACCURACY TO% %: S1m1 ar to 

Model 433 in design, Model 434 has been optimized for divider 
applications. Accuracy can be held to within \4% over a signal 
range of lOOmV to lOV without the use of any external trims. 
External trimming may be performed, if desired, to eliminate 
offsets at the temperature of concern. 

MULTIFUNCTION MODULE (Page 137) z 
MODEL 433B , %% ACCURACY, e0 = Y ( X ) m During 

1972, an extremely versatile function module, Model 433]. 
was introduced to implement a wide range of computational 
circuits. Capable of raising ratios to a power and multiplying 
by a third variable, the 433] provides 'Ii % accuracy over a 
signal range of 100: 1. 

Model 4338 has all the capabilities of Model 433], but has 
twice the accuracy, \4 % vs. Vi% , and guaranteed temperature 
performance over the range of -25 °C to +85 °C. The 4338 
also has a lower intial offset and offset vs . temperature. 

VOLTAGE/CURRENT LOG RATIO (Page 143) 
MODEL 756, ~% ACCURACY, LOW COST, SMALL 
PACKAGE : Designed primarily for photometer applications, 
Model 756 is a general purpose log ratio module capable of 
processing input signals spanning four decades. 

This design improves on log modules previously available in 
that it may be used to process either voltages or currents, and 
both inputs are continuously variable signal inputs. 

HIGH OUTPUT POWER REGULATED SUPPLY (Page 144) 
MODEL 920, ±J 5 Volts at ±200mA . Model 920, the latest 
addition to the modular power supply line, features a clean 
regulated output of up to 200mA at ±15 volts . Operating 
from 115 V AC input, this design provides a higher output cur
rent than the popular Model 902 (+lSVDC at lOOmA), and 
sacrifices nothing in reliability. It is packaged in a black 
anodized aluminum case, which guarantees a low thermal re
sistance path for internally generated heat . 
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DUAL SUPER BETA NPN TRANSISTORS AT HIGH BREAK
DOWN VOLT AGES (Page 187) 
AD814 SERIES: Betas of 1000 and 2000 min are achieved with 
respective breakdown voltages of 35V and 20V. The AD814, 
AD815 and AD816 are manufactured using a proprietary NPN 
transistor process and advanced silicon nitride passivation tech
niques. Offsets of less than lmV and drifts of less than 5µV /° C 
make these devices ideal for extremely high gain differential 
input stages . 

LOG CONFORMANCE DUAL NPN TRANSISTORS (Page 188) 
AD818: The AD818 dual NPN transistor is specifically designed 
for excellent conformance to the ideal logarithmic relationship 
between VsE and IE over a wide collector current range, up to 
lmA. The AD818 also exhibits very low voltage noise 
(2nV/~@ lOHz) and low collector saturation levels. 

DUAL MONOLITHIC PNP TRANSISTORS (Page 189) 
AD820 SERIES : The AD820, AD821 and AD822 are small 
signal, dual monolithic PNP transistors providing high gain 
over wide collector current ranges and voltage breakdowns in 
excess of 60V. The excellent matching characteristics guarantee 
offsets of less than 0.5mV and drifts better than 2 .5µV /° C. 

EXTREMELY LOW NOISE DUALMONOLITHICFETS (Page 184) 
AD840 SERIES: TRAK-FETS™ AD840, AD841 and AD842 
are large geometry, dual monolithic silicon N-channel J-FETS 
designed for super low voltage noise , less than 15nV/y"iiz"@ 
lOHz, and outstanding matching characteristics: 5mV and 
SµV!°C (AD840). 

These units are ideal for sensing very small signals from high 
impedance transducers commonly found in biomedical, opto
electronic and nuclear ap plications. 

HIGH TRANSCONDUCTANCE, WIDEBAND DUAL FETS 
(ADVANCE INFORMATION) 
2N5911 /AD845 SERIES: The 2N5911/5912 are dual hybrid 
FETS with very high transconductance and low input capaci
tance . The AD845 and AD846 are monolithic versions of the 
2N5911 and 2N5912 respectively . These dual FET's are excel
lent performers for frequencies up to lOOMHz. (Availability : 
June 1973.) 

HIGH ACCURACY FET-INPUT OP AMP (Page 151) 
AD506L: The AD506L is a low drift, high accuracy FET-input 
operational amplifier which combines the low current charac
teristics typical of FET amplifiers with the offset voltage sta
bility commonly found only in bipolar devices. The AD506L 
features bias currents below SpA max and maximum offset 
voltage drifts of lOµV /° C. 

LOW COST FET-INPUT OP AMP (Page 153) 
AD540j: The AD540J is the lowest priced, high performance 
IC FET-input operational amplifier available which provides the 
user with low bias currents, high overall performance and accu
rately specified operation. The device achieves a maximum bias 
current of 50pA, minimum gain of 20,000, CMRR of 70dB and 
a slew rate of 6V /µsec. 

LOW DRIFT, LOW NOISE OP AMP (Page 157) 
AD504M: The AD504M is the lowest drift, lowest noise, high 
accuracy IC operational amplifier available . The device achieves 
a maximum nulled offset drift of 0.5µV /°c, minimum gain of 



a . . - .. ~ 

I 

106
, and 0.6µV (p-p) maximum input noise voltage (O.lHz to 

lOHz bandwidth). 

LOWEST COST, HIGH ACCURACY OP AMPS (Page 1S8) 
AD741]/S : The AD741J and AD741S are high accuracy ver
sions of the industry standard AD741C and AD741. In addition, 
both devices offer the user the further advantages of high 
guaranteed output current and gain at low values of load im
pedance. The AD741J and AD741S guarantee a minimum gain 
of 2S,OOO swinging ±IOV into a 10H2 load . 

AD301AL: The AD301AL is the highest accuracy version of 
the popular AD101A, AD201A, AD301A series of operational 
amplifiers. The AD301AL provides substantially increased ac
curacy by reducing the errors due to offset voltage (O.SmV 
max), offset voltage drift (SµV!°C max), bias current (30nA 
max), offset current (SnA max) and CMRR (90dB min). 

WIDEBAND FAST SLEWING OP AMP (Page 163) 
AD507S: The ADS07S is a low cost, monolithic operational 
amplifier that is designed for general purpose applications 
where high gain bandwidth and speed are significant require
ments and operation over the extended temperature range is 
essential. The device also provides excellent de performance 
with maximum bias and offset currents (1 S nA), maximum 
offset voltage of 4mV, and a guaranteed maximum offset 
voltage drift of 20µV!°C from -SS °C to +12S

0
C. 

HIGH SPEED, FAST SETTLING OP AMP (Page 164) 
AD509: The ADS09J, ADS09K and ADS09S are monolithic 
operational amplifiers specifically designed for applications 
requiring fast settling times to high accuracy. The ADS09K 
and ADS09S are 100% tested and guaranteed to settle to 0.1 % 
in SOOnsec maximum and 0.01 % in 2µsec maximum, while 
typically the settling times are faster. 

HIGH SPEED, LOW COST OP AMP (Page 16S) 
AD518: The ADS18J, ADS18K and ADS18S are precision 
high speed monolithic operational amplifiers designed for ap
plications where high slew rate and high bandwidth are required, 
but low cost and ease of use are essential. The devices are in
ternally compensated for unity gain applications with a 60° 
phase margin to insure stability, a minimum slew rate of 
SOV /µsec and a bandwidth of 12MHz. 

INTERNALLY TRIMMED, MONOLITHIC MULTIPLIER 
(Page 170) 
AD532: The ADS32 is the first fully trimmed monolithic 
multiplier/divider. It requires no external networks or op 
amps to achieve 1 % accuracy (ADS 32K) at full scale, ±10 
volts. It is pin compatible with the popular ADS 30, but 
features differential inputs for even greater flexibility and 
ease of use. 

QUINT SWITCH FOR DIA AND AID CONVERTERS 
(Page 174) 
AD552, 120nsec SETTLING, FULL TTL COMPATIBILITY: 
The ADS S 2 expands the popular ADS S 1 quad current switch 
to five bits for S and 10 bit converter applications. It features 
fast settling time and is supplied in the 16-pin ceramic dual
in-Jine package. 
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AMPLIFIER PRODUCTS 

WHICH AMPLIFIER FOR THE JOB 
Selecting t he best amplifier for a particular app licatio n has 
become almost an art when you consider the overwhelming 
prol iferat io n of both o perational ampl ifiers and committed 
gain amplifiers in recent years. During 1971, Analog 
Devices made several significant advances in operational 
amplifier design. Proprietary monolith ic designs (!C's) 
moved ahead strongly with improved bias current, drift and 
speed characteristics challenging the high performance of 
today's better discrete component devices. These include 
both FET and bipolar input circuits. 

By the same token, discrete designs also moved ahead 
especially in the are.a of fast settling and low drift 
amplifiers. No longer can it be said that designers should 
consider discretes for higher performance and monolith ics 
for moderate performance, small size or economy. Economy 
and performance are now available in either form factor, 
making the selection process more complex than a year ago. 

In t he area of committed gain amplifiers, Analog Devices has 
added new designs wh ich represent major improve ments 
over models previously availab le. For data acqu isitio n requ ire
ments, h igh speed and low drift have been ach ieved in it s 

new inst rume ntat ion amplifiers . For medical and industrial 
applications, isolat io n amplifiers appear for the first time to 

satisfy patient safety and equipment isolation requirements. 

The following sections are intended to guide the user to the 
best amplifier for his application whether he be expert or 
new-comer to the art of selecting amplifiers. The extent 
of his familiarity with amplifier types and their specifications 
will determine how rapidly he moves to his final decision. 

HOW AMPLIFIERS ARE CLASSIFIED 
To assist the designer in distinguishing among the multitude 
of models, many with comparable specifications , Analog 
Devices has listed all amplifiers in this catalog by application 
class. Identifying a key parameter will usually lead the 
designer to the best amplifier for his job. To assist in the 
selection process, the chart below ties the key application 
parameters to the relevant amplifier class which can then be 
located on the designated page. 

Classification of Amplifiers 
To assist you in selecting the best amplifier for the 
application, we have classified products into eleven cate-

APPLICATION G UIDE BY KEY FEATURE 

Key Feature Application Amplifier Classification Page 

Lo w drift and noise , Medical and indust rial, t ransdu cers, Low drift chopper 48 
long term stability amplifiers, preamps Low drift differential 50 

Low b ias current High source impedance, integrators, General purpose FET 
charge ampli fiers electro meter 52 

Wideband and fast DI A , A ID converters , sample and Wide bandwidth 
settling holds, comparators fast se ttling 44 

Eco nomy, moderate Function ge nerators, general General purpose bipolar 38 
performance designs , active filters General pu rpose F ET 40 

High CMRR , CMV Long cable transmissions , noisy Isolation 58 
signal environments , instrument Inst ru ment 56 
preamps 

Input-output isolation Medical patient safe ty currents, Isolat ion 58 
isolation , programmable equipment 

Battery operation Portable equ ipment , lo w noise, Lo w drift different ial 50 
preamps 

Log or antilog Signal compression , linearization , Logarithmic 139 
pho tometric ratios 

Voltage and /or current Audio and servos, power regulators, High ou tput capability 54 
booster galvanometers , current source 
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gories. In doing this we have established what we believe 
to be the optimum point of departure for proper amplifier 
selection. In some exceptional cases, an amplifier has been 
included in more than one category because of its out
standing versatility. But in most instances we have focused 
on one single attribute or key parameter for amplifier 
classification. For example, the chopper stabilized group 
focuses on low drift, but includes several models which 
could qualify for high output capabi lity or wide bandwidth. 
We believe that low drift is the key feature. 

Many designers are faced with the problem of selecting the 
best amplifier whether it be a microcircuit or discrete compon
ent module. To ease their task, Analog Devices has listed 
these devices together in this amplifier section making 
direct compar isons more convenient. The monolithics are 
also listed separately in their own section and should be 
referred to there when the choice must clearly be a micro
circuit device . 

1. General purpose - moderate performance 
Am plifiers in this group include Analog's lowest cost devices. 
They are best suited for general purpose designs with 
moderate drift requirements in the range from 5 to 75µv/'c, 
unity gain bandwidths to lMHz, and full power response to 
lOOkHz. Typical applications include summing , inverting, 
impedance buffering (followers) and active filtering. They 
are also useful for developing nonlinear transfer functions. 

2. General purpose FET - low bias current, high Z1N 

These models should meet most design requirements, 
especially those which cannot be satisfied by bipolar input 
designs because of excessive bias currents or too low 
input impedance. The lower bias currents (1 to lOOpA) and 
higher input impedances (10 11 ohms) of FET's make them 
a natural choice when amplifier gain networks exceed lOOk 
ohms and it is necessary to minimize input loading and 
current offset errors for improved accuracy. Significant 
applications include integrators, sample and hold amplifiers, 
current to voltage converters and low bias current log 
circuits. 

3. Wide bandwidth - fast settling 
Amplifiers in this group feature both differential FET and 
bipolar input stages which afford a wide choice of drift 
and bias current specifications. They emphasize 
exceptionally fast response and wide bandwidths (to 40MHz, 
lOOns settling) for applications in data acquisition and pulse 
data transmission systems. Critical specifications are step 
response settli ng t ime, full power response and current 
output . 

These amplifiers are useful for sample and hold circuits, 
AID converters or as high speed buffers and integrators. 
Offering high output current capability, they shou ld be 
rnnsidered for video or line driver circuits, DI A output 
amplifiers or as deflection coil amplifiers. 

4. Low voltage drift - chopper stabi lized 
These amplifiers are widely accepted as the best choice when 
it is essential to maintain low voltage offsets and bias currents 
with time and temperature or whenever external offset 
adjustments are not practical in the application. Using carrier 
modulation techniques, these designs achi eve bandwidths ro 
20MHz, drifts to O.lµV J° C and long term stability of 
2µV /month. Typical applicatio ns include erro r summing 
amplifiers for servo loops, precision regulators, or as input 
amplifiers for laboratory grade metering instruments and 
test equipment. 

5. Low voltage drift - differentia l input, high CMRR 
"Chopperless" low drift designs with differential inputs 
shou ld be considered for high accuracy instrumentation, 
low level transducer bridge circuits, precision vo ltage 
comparators a nd for impeda nce buffer designs. In general, 
they should be selected over single ended choppers where 
a differential input is required or whenever possible chopper 
modulation spikes are objectionable in the circuit design . 

Amp lifiers in this grou p feature differential bipolar transistor 
input stages achieving input drifts as low as 1 /4 µV !°C, offset 
voltages to lOOµV and exceptionally stable long term drifts 
of 3µ V /mont h . These devices offer differential performance 
with input noise of lµV p-p, a CMV of lOV and 100d3 of 
CMR. For comparison, chopper stability a pproac hes lµV I 
month but they are useful as single ended amplifiers only. 

6. Electrometer - ultra low bias current 
Amplifiers with bias currents less than 1 pA are classified 
as suitable for electrometer use where frequency response 
and vo ltage drift are usually secondary requirements. Both 
varactor bridge and FET input designs are employed to 
achieve these bias currents ranging from one picoamp 
(10- 12 A) to ten femptoamps (10- 14 A). These amplifiers are 
used as current-to-voltage converters with high impedance 
transducers such as photomultiplier tubes, flame detectors, 
pH cells and radiation detectors. 

7. High output - voltage/current 
Amplifiers offered here have bipolar or FET inputs with 
output voltage swings of ±20 volts or output current to 
±lOOmA. Also included is model 8100 , a lOOmA wideband 
booster for op amps. Typical applications include audio 
amplifiers, voltage or current regulators a nd driver stages for 
sonar transducers, galvanometers an d deflection coils. 
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8. Instrumentation 
The instrumentat ion amplifier is a co mmitted gain amplifier 
with internal precision feedback networks. Its excellent 
drift , linear ity and noise rejection capability make it a 
natural choice for extracting and amplifying low level signals 
in the presence of high common mode noise vo ltages. These 
devices are commonly used as transducer_amplifiers for 
thermocouples, strain gage bridges, current shunts and 
biological probes. As preamplifiers they are capable of 
extracting small differe ntial signals superimposed on large 
common mode voltages. Wideband designs are a lso available 
for data acquisition systems. 

9. Isolation - medical, industrial 
Iso lat ion amplifiers are committed gain designs wit h FET 
inputs an d total ground iso lat io n between input and output 
signals. With 120dB of CMR, they are useful for processing 
millivolt signals in noisy environments (up to 1000 volts 
CMV) or for interru pting ground loops in medical or 
industrial applications. Using carrier modulat io n techn iques 
and fai l safe designs, the isolatio n amplifier is an excel lent 
choice for ECG patient amplifier designs, offering complete 
patient protection, and for off-ground measurement systems. 
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10. Logarithmic Amplifier and Elements 
Log modules from Analog Devices develop the instanta neous 
value of the log or antilog of an input signal. Contrary to 
commu nicatio ns type log am plifiers , which basically eompress 
AC signals, the 700 series log modules o perate o n si ngle 
polarity inputs from DC to an upper cutoff frequency. These 
temperature-compensated designs will work over 6 decades 
of input current (1 nA to 1 mA ) and 4 decades of voltage 
(lmV to lOV) . Typical applicatio ns include transducer 
linear ization , data co mpressio n and basic computat io nal 
circuits for aco ustical and o ptical instruments in chemical, 
medical and industrial design . 

11. Comparators 
Comparators in this group are specialized o perat io nal 
amplifiers with differential inputs and two bi-stable output 
states . They are availab le with either FET or bipolar input 
stages and have been o ptimized for stable switch ing and 
threshold characterist ics. These devices are useful as thres
hold level detectors for A ID converters , voltage to freq uency 
converters , pulsewidt h modulators and a wide variety of 
square wave and pulse generators . 



HOW TO SELECT OPERATIONAL AMPLIFIERS 

INTRODUCTION 
In selecting the right device for a specific appl icatio n, yo u 
should have clearly in mind your design objectives and a 
firm understandi ng of what pu blished specifications mean. 
Beyo nd t his , yo u should detail t he significant variab les that 
are pertinent to yo ur application . T he purpose of this sect io n 
is to pu t t hese many dec isio n fac to rs into perspective to 
help yo u make t he most meaningful buying dec isio ns. 

To pro perl y choose an operat io nal amplifier for any given 
set of requirements, t he designer must have: 

1. A complete definition of the design objectives. 
Signal levels, accuracy desired , bandwid th require
ments, circui t im pedance, environ mental 
condit ions and several other factors must be well 
defined before select ion can be effectively undertaken. 

2 . Firm understanding of what the manufacturer means 
by the numbers published for the parameters. 
Frequently, any two manufacturers may have com
parable publ ished specificatio ns, which may have been 
arrived at using differing measurement techniques. 
This creates a pitfall in op amp selection. To avoid 
these difficulties, the designer must know what the 
published specifications mean and how these para
meters are measured . He then must be ab le to translate 
these published specifications in terms meaningful to 

his design requirements . In the following discussion, 
Analog Devices provides the designer: 1) a checklist 
which he can apply to his application to assure that 
all significant factors are taken into account; 2) mean
ingful definitions for each of our published specifica
tions; and 3) illustrations of how the requirements of 
his design are translated in terms of these specifications 
to help make an effective and economical choice. 

APPLICATION CHECKLIST 
By way of an applicatio n checklist, t he designer will need to 
acco unt for the fo llowing: 

Character of the application: T he character of the 
appl ication (i nverter, fo llower, diffe rential ampl ifier, 
etc.) will oft en influence the cho ice of amplifier. 
Cho pper stabilized amplifie rs, fo r example, are not 
genera ll y applicable where differential inputs are 
required . 

Accurate description of the input signal: It is 
extremely important t hat t he input signal be 
thoroughly characterized . Is the input a vo ltage source 
or current sour ce? Range of amplitude? So urce imped
ance? T ime/frequency characterist ics? 

Environmental conditions: What is the max imum 
ra nge o f t emperat ure, t ime, and suppl y vo lt age over 
wh ich th e circuits must o perate (to t he required 
accuracy) without readj ustment ? 

A ccuracy desired: The accuracy requirem ent d eter
mines the extent to which th e fo regoing co nsiderat io ns 
are cr iti ca l, and ult imate ly po ints the way to a device 
(o r ser ies of devices) wh ich are accep tabl e. Accuracy 
must , of co urse, be defi ned in t erms meaningful to 
the applicatio n wit h regard to bandwidth , DC offset, 
and other para meters. 

SELECTION PROCESS 
In general , the o bjective of am pl ifier selectio n shou ld be to 
choose the least expensive device which will meet t he 
ph ysical, electr ical, and environ menta l requirement s imposed 
by t he ap plicat io n. T his suggests that a "Ge neral Pur pose" 
amplifier will be the best choice in all ap plications where 
the desired performance requirements can be met. Where 
this is not possible, it is generally because of limitations 
encountered in two areas - bandwidth req u irements, and/or 
offset and drift parameters. 

To make it easier to relate bandwidth requirements with the 
drift and offset characteristics, a capsule view of bandwidth 
considerations precedes the DC discussions below. The 
reader is then returned to an expanded discussion of gain
bandwidth considerations. 

Gain Bandwidth Considerations, A Capsu le View 
Although all selection criteria must be met simultaneo usly, 
determination of the bandwidth requirements is a logical 
starting point because: 

A) If DC information is not of interest, a suitable 
block ing capacitor can usually be connected at the 
amplifier input and all of the "drift" specifications 
may be ignored , and 

B) Wh ere high frequency <> 1 OMHz) characteristics 
are of primary im porta nce, the choice will be li mited 
to t hose amplifiers designated " Wide Bandwidt h/Fast 
Settl ing." 

Where DC in for mation is requi red and where freque ncy 
requ irements are re lat ively modest (fu ll power response 
below lOOkHz, unity gain of less than l.SMHz) o ther crit er ia 
will p robably influence t he f inal cho ice. It is important , 
however, to choose an am pl ifier wit h wh ich an adequate 
value of loop ga in is assured (at the max im um fr equency of 
interest) to obtain t he d es ired accuracy. Loo p ga in is t he 
excess of o pen loo p gain over closed loo p ga in , a nd is 
responsibl e fo r the diminishing error du e to flu ctuatio ns in 
the o pen loo p ga in du e to time, t emperat ure, etc. T ypically, 
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a loop gain of 100 will yield an error of no more than 1 %, 0.1 % 
from loop gain of 1000, etc . Where undistorted response is 
required , the specifications for full linear response and 
slewing rate should be chosen such that they are not 
exceeded at the highest frequency of operation. 

Offset and Drift Considerations 
In the maj orit y of o p-amp applicatio ns , final selection is 
determined by the DC offset and drift characteristics. To 
undertake amplifier selection in these cases , it is necessary 
to translate the requirements listed above as follows. (It is 
assumed that bandwidth requirements have been established 
at this point .) 

1 . What input impedance must the circuit present to the 
signal source? This depends primar ily on the source 
impedance, Rs , a nd the amount of loading error which 
is acceptable . Most amplifier circuits are designed around 
either the inverting or noninverting circuit of Figure 1. The 
choice is often made between the two to accommo date the 
impedance requirement. Input impedance for the inverting 
circuit is approximately equal to the summing impedance, 
Ri and the upper limit o n the magnitude of Ri is determined 
by the allowable drift error because of input bias current as 
discussed below. The noninverting circuit offers inherently 
higher input impedance than the inverting circuit (due to 
" bootstrapping " feedback) and in this case input impedance 
is approximately equal to the common mode impedance of 
the amplifier Rem. 

2. How much drift error can be tolerated? T he question is 
related to t he input signal level , es , and the required accuracy. 
For example, to amplify or o therwise manipulate a DC input 
signal of one volt with an acc uracy of 0.1 %, the offset 
drift error , V d ' must be o ne millivolt or less. (This assumes 
that other sources of error such as input loading , no ise and 
gai n error have a lready been allowed for.) By the same 
reasoning, the allowable drift error for a 1 volt signal a nd 
0.01 % accuracy wo uld be lOOµV . 

When this has been defined, the allowable limits of offset 
voltage (e0 s), bias current (ib), and difference current can 
he calculateci by the equations of F igure 1. 
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Figure 1A. Inverting Configuration 
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+ R1 

Figure 1 gives the equations which relate offset voltage 
(e0 s), bias current (ib), difference current (id) and the 
external circuit impedances to the drift erro r, V d • for both 
the inverting and the no ninverting circuits . From these 
equations it can be seen how the input impedance require
ments of the fo regoing paragraphs are related to the drift 
error. 

For example, in the case of the inverting circuit, an offset 
error voltage , ibRi , is generated by the bias current flowing 
through the summing impedance. This error increases for 
increasing Ri· Since Ri also sets the input impedance, there 
is a conflict between high input impedance and low offset 
errors. Likewise, for a given offset error, higher values for Ri 
can be used with an amplifier which has lower bias current. 

Where it will o therwise function properly, the noninverting 
circuit generally makes a better choice for high input 
impedance circuit s. Also, for the same source and input 
impedance requirement, a given amplifier will generate lower 
offset errors for the no ninverting circuit than for the inverting 
circuit. This is so because the bias current flows only through 
Rs for the noninverter and this will always be less than the 
input impedance, Ri , of the inverter. Input impedance of the 
non inverter (approximately RcM) is typically 10 7 o hms 
even for the least expensive bipolar amplifiers and up to 1O 11 

ohms for F ET t ypes. 

Unfort unately, however , the no ninverting co nfiguratio n 
can not always be used since it will not perform many circuit 
functions such as integration or summatio n. A further 
limitation occurs in high accuracy applicatio ns , where 
common mode errors may rule o ut this circuit configuration. 

Initial offsets can usuall y be zeroed at room temperature so 
that o nl y the maximum temperature excursion ( .6. T) from 
+25 °C need be considered . For example, over the range of 
-25 to +85 °C, the maximum temperature excursio n (.6.T) 
from +25 °C would be 60°C. As a practical matter, offset 
errors due to supply voltage and t ime drift can generally 
be neglected since errors due to temperature drift are usually 
much greater. 
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Current Amplifier Considerations 
Before leaving the subject of offset errors, we shall discuss 
briefly the current amplifier configuration which is shown 
in Figure 2A. The obvious approach to measuring current 
is to develop a voltage drop across a load resistor, Rf, and to 
measure this potential with a high impedance ampl ifier as 
shown in Figure 28. 

This approach has several disadvantages as compared to the 
circuit of Figure 2A. First the noninverting amplifier intro
duces common mode errors which do not occur for Figure 
2A. Second, an ideal current meter wou ld have zero 
impedance whereas, Rf in Figure 28 may become very 
large since this resistor determines the sensitivity of the 
measurement . Third, the changes of input impedance, Rem• 
for the noninverting amplifier with temperature will cause 
variable loading on Rf and hence a change in sensitivity. 

The current amplifier of Figure 2A circumvents all of these 
difficulties and approac hes an ideal current meter; that is , 
there is essentially no voltage drop across the measuring 
circuit, since with enough open loop gain, A, the input 
impedance RiN becomes very small. 

In selecting a current amplifier , the most important 
consideration is current no ise, and bias current drift. 
Measuring accuracy is largely the ratio of current noise and 
drift to signal current , is. To obtain the drift of error current 
le referred to the input, use the following expression. 

6 le = [ 6 ~;s ( R;;~s ) + ~i; J 6 T 
Now, to make a proper selection you must pick an amplifier 
with an error current, le, over the operating temperature 
which is small compared to the signal current, is. Do not 
overlook current noise which may be more important than 
current drift in many applications . 
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Figure 2A. Current Amplifier 

Gain Bandwidth Considerations, Expanded Discussion 
From the previous discussion, it is apparent that most 
general purpose operatio nal amplifiers will usually give 
adequate performance for the DC and audio frequency range 
applications . However, to obtain unity gain bandwidth above 
2MHz, full power response above 20kHz and slewing rate 
above 6V !µsec , in general, requires special design techniques. 
All am plifiers with wideband, fast respo nse characteristics 
have been listed in the wide bandwidth group to simplify 
the selection for higher frequency applications. 

One factor often overlooked is that stray capacitance and 
impedance levels of the external feedback circuit can be the 
major limitation in high frequency applicat ions. For example, 
in Figure lA, if Rf were one megohm and stray capacitance, 
Cs, were one picofarad then the closed loop bandwidth 
would be limited to 160kHz (l / (27TRFCs)) regardless of 
how fast the amplifier is. Moreover, output slewing rate will 
be limited by how fast Cs can be charged which in turn is 
related to signal level, e5 , and input impedance, Rj , by 
de0 /dt = -e5/RiCs. For these reasons it is usually not 
possible to obtain both fast response and high input 
impedance for an inverting circuit since both Ri and Rf must 
be large to obtai n high input impedance. 

Another advantage of the noninverting circuit (Figure 1 B) 
is that input impedance, being determined by potentiometric 
feedback , does not depend on the impedance levels for R 1 
and R2 . Therefore, a low impedance can be used for R 2 so 
that stray capacitance of Cs will not limit the circuit's band
width. In this case the minimum value for R 2 is constrained 
only by the output current rating of the amplifier. Again the 
trade-off between the frequency response and input 
impedance of the inverting and non inverting circuits must 
be evaluated in light of the common mode rejection error 
introduced by the noninverter. 
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Figure 28. Voltage Amplifier With Sampling Resistor 
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In the past , many wideband amplifiers , especially ch opper 
stabili zed units, did not offer fast respo nse o n th e positive 
input and therefore were rest r ict ed to use in inverting 
circuits. However, new FET amplif iers fro m Analog Devices 
are ava ilable to meet the needs for hig h speed perfo rmance 
for either configuratio n. 

For great er emphasis wideband appl icatio ns can be separated 
into two cat ego ries - st eady stat e and transient . Since t he 
ampl ifier requirements fo r t he t wo are so mewhat different, 
these cat ego ries will be discussed separately. 

A. Steady State Applications 
Stead y state applicati ons invo lve amplifyi ng or o therwise 
man ipulating continuous sinuso idal, co mpl ex or random 
waveforms. In these applications the significant issues in 
choos ing a n amplifier are as fo llows: 
1. Is DC coupling required? If DC information is of no 
consequence, then the offset dr ift errors are not usually 
important and a capacitor can be used if necessary to block 
t he o u t put DC offset. Your o nly co ncern here is t hat DC 
offset at the out put does not become so large, as might be 
the case with a high gain stage, that t he output is saturated 
or the dy namic swing for AC signals is limited . One way to 

circumvent the latter prob lem is to use feedback to limit 
the gain at DC as shown in Figure 3. The gain of these circuits 
can be small at DC but large at high frequencies. 

2. What closed loop gain and bandwidth are required? 
Closed loop gain, G, is dictated by the application. To a first 
approximation the intersection of the open and closed loop 
gain curves in Figure 4 gives the closed loop bandwidth , 
fcl (-3dB). For high gain, wideband requirements, it may be 
necessary, or more economical, to use two amplifiers in 
cascade each at lower gain. 

3. What loop gain is required or alternatively what gain 
stability, output impedance and/or linearity are necessary? 
The available loop gain at a particular frequencv or over a 

__ 1 _ _ 1 _ .., _ 

Figure 3. DC Feedback Minimizes Output Offset 
for AC Applications 
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ra nge of frequ encies is very often more importa nt tha n 
closed loop ba ndwidth in selecting a n amplifier. Loo p gain 
as illustrat ed in F igure 4 , is defi ned as the di ffere nce, in d B, 
or as the rat io, arithmet ica ll y, of the o pen to closed loo p 
gain (A{3 = A/G) . You will fi nd in most of t he equat io ns 
defining the closed loop charact eristic of a feed back 
ampli fier that t he loop ga in (A{3) is t he determi ning factor 
in perfor mance. Some of t he more no tabl e exampl es of t his 
po int are as fo llows: 

a. Closed loop gain stability = !:;G/G 
!:;G/G = (M / A) [ 1/(1 + A'3)) where M/ A is the 
open loo p gai n stability, usually abo ut 1 %/0 C. 

b. Closed loop output impedance= Z0 c1 = Z0 /(1 + A'3), 
where Z0 is t he open loop o utp ut im pedance , 
usuall y 200 to 5000 o hms. 

c. Closed loop nonlinearity = Lc1 = L0 1/(1 + A'3), where L0 1 
is t he o pen loop linearity, usually less than 5%. 

Loop gain of 100, or 40dB , is adequate for most applications 
and th is is readily ach ievable at DC and low frequencies. But 
note t hat loop gain decreases with increasing frequency 
which makes it d ifficu lt to obtain large loop gains at high 
frequencies. For this reason it may be necessary to use a 
lOMHz unity gain amplifier in order to obtain adequate 
feedback over a lOkHz bandwidth. 

4. What full power response and/or slew rate are required? 
You should examine your expected output waveform and 
select an amplifier whose slewing rate exceeds the maximum 
rate of change of output signal. For a sinusoidal waveform 
with a peak voltage output equal to the rated am plifier 
output the frequency should not exceed fp, the full power 
response of the amplifier. As the o utput signal voltage is 
reduced below the rated output voltage, the usable maximum 
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Figure 4. Closed Loop Bandwidth and Loop Gain 



frequency can be extended pro portionately. If you do not 
observe these restric tions you will get distort ion and 
unexpected DC offsets at the output of the amplifier. 

There are many monolithic ampl ifier designs available today 
whose frequency response is not a simple 6dB ro ll-off and 
which may be shaped with external RC co mpo nents for 
improved performance. Using feed-forward or phase lag 
compensation netwo rks , gain-bandwidth product and/or full 
power response may be shaped to meet varyi ng design require
ments. Most discrete o p amps offer the stable 6dB roll-off 
with specified unity gain-bandwidth a nd slew rate thereby 
limiting maximum speed and response to those published 
specifications. 

B. Transient Applications 
In ap plicatio ns such as A ID and D/ A converters and pulse 
amplifiers, the transient response of the wideband amplifier 
is generally more important than the gain bandwidth 
characteristic described above. Slewing rate, overload 
recovery and settling time are the specifications which 
determine the transient response. 

When applying the high frequency amplifier, it is important 
to understand how amplifier performance is affected by 
component selection as well as impedance levels used 
aro und t he amplifier. 

Settling Time 
The time and frequency response of a linear, bilateral 
network or amplifier are related by well known mathematics. 
For example, the step response for a well behaved, linear, 
6dB/octave amplifier with a closed loop bandwidth of Wei 

is shown in Figure 5. 

FINAL VALUE r = 

99.9% 

2.3 T 4.6 T 6.9r - T 

Figure 5. Step Response for Linear 6d8/0ctave Amplifier 

To a first appro ximatio n,-the curve in Figure 5 can be used 
to relate set tling time to closed loo p bandwidth of Figure 4 . 
Settling time is defined as the time elapsed from the 
application of a perfect step input to the time when the 
amplifier output has entered a nd remained within a specified 
error band symmetrical abo ut the final value (Figure 6) . 
Settling time therefore includes the time required for the 
am plifier to slew from t he initial value , recover from slew 
rate limited overload , and settle to a given error in the linear 
range. 

However, the approximation soon breaks down since settling 
time is determined by a combinat ion of amplifier character
istics (both linear and no n-l inear) a nd because it is 
a closed loo p parameter. T herefore, it cannot be readily pre
dicted from the o pen loo p specifications such as slew rate, 
small signal bandwidth , etc. 

Analog Devices specifies settli ng time for the condition of 
unity gain, relatively low impedance levels, and no 
capacitive loading. A full-scale st ep input is used to deter
mine settling time and the step is generally unipolar - i.e.: 
from zero to plus or minus full scale. The settling time 
indicated is generally the lo ngest time resulting from a step 
of eit her polarity and is given as a percentage of the full 
scale step transition . 

Settling time is a non-l inear function. It varies with the input 
signal level and it is greatly affected by impedances external 
to the amplifier. The no n-linear dependence of settling time 
on these two parameters can be demonstrated by an 
examination of experimental data from Analog Devices' wide 
bandwidth mo del 46 am plifier. 
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Figure 6. Typical Settling Time Characteristics 
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Settling Time vs. Signal Swing 
The curves in Figure 7 illustrate model 46 settling time error 
versus input signal level. These "V" curves are useful as a 
design aid for bracketing settling time versus step input level. 
Percentage settling time error is calculated by forming the 
ratio of output error to input voltage step. Shown in 
Figure 7 are 1 %, 0.1 % and 0.01 % error points for a +lOV 
input step. The settling times for these errors are read off 
the vertical axis. 

Because of nonlinear factors, extrapolation of settling times 
from o ne set of co nditions to another becomes very 
difficult , if not impossible. This po int becomes very apparent , 
in Figure 7, when reviewing settling time as a function of 
input signal swing. Using this measurement technique , the 
settling time error voltage, measured at point V, is equal to 

one-half of the null voltage between the input signal 
and the output signal. 

Settling Time vs. Rf, Ri and CL 
Experience indicates that for wide bandwidths a nd ultra fast 
settling times, soon to 2.skn, gain resistors should be used 
to keep stray capacitance to a minimum. The effects of 
various resistance values on settling time are given in the 
following table. In developing the data , the test circuit of 
Figure 7 was used , but with an output load capacitor (CL) 
added to the circuit. 

TABLE 

2.skn 
l.Okn 
soon 
10.0kn 
s .okn 
2.Skn 
l .Okn 
soon 

R; ( l k) 

250 

: 0.1% Set tling Time vs Rf, Rj, CL 
t 5 (O.l %) Cap Load (CL) 

llSnsec < lOpF 
80nsec < lOpF 
64nsec < lOpF 
150nsec 270pF 
150nsec 190pF 
lSOnsec lOOpF 
lSOnsec 6SpF 
lSOnsec S5pF 

2- 6pF 

' 
'> 
~ RL = Rd II R1 

I 

~ 
Rd 

~------ V (ERROR) 

Figure lA. Model 46 Inverting Configuration Test Circuit 
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With load capacitance set to zero, the settling time to 0.1 % 

error improved two-fold as Rf and Ri were reduced from 
2.skn to soon. To show the interaction of Rf, Ri and 
CL, settling time to 0.1 % error was then held constant at 
150ns while varying Rf, Ri and CL. CL was increased 
until settling time reached the 150ns level. This value of 
CL did not create an oscillato ry condition at the output , but 
was that value of capacitance which increased settling time 
to 150ns for a specified Rf and Ri . Heavier capacitive loads 
would have degraded settl ing time further because of rate 
limiting effects. 

From these data, the effect of Rf and Ri o n performa nce 
is significant eno ugh to recommend selecting the proper 
range of Rf and Ri with the amplifier o perating in its fi nal 
configuration. The small feedback capacitor placed in 
parallel with Rf (Figure 7) partial ly cancels the pole fo rmed 
in the loop gain response by the input resistor, Ri , and the 
amplifier input capacitance. It is selected to minimize 
settling time. 
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Figure 78. Input Voltage Step 



APPLYING THE INSTRUMENTATION AMPLIFIER 
The preceding discussion has focused on developing selection 
criteria for op amps which require external feedback 
networks. In transducer and certain other instrumentation 
applications it is important that an amplifier be ab le to 
extract signals in the presence of common mode noise while 
retaining its gain adj ustment ability. In the conventional 
operational amplifi er, a mismatch between the input gain 
setting resistors can cause substantial errors in CMRR. An 
instrumentatio n amplifier , by virtue of its committed gain 
configuration, employing internal feedback networks, 
suffers minimal degradation in CMRR as the gain is varied . 

From Figure 8, the instrumentation amplifier appears to be 
little more than an o perational amplifier operated in a 
differential mode. In fact, the modern instrumentation 
amplifier is an appreciably more sophisticated device , which 
usuall y requires three basic differential ampl ifiers in order 
to provide for the so lut io n of "Common Mode" no ise 
problems as found in many industrial and laboratory 
environments . 

T he appearance of this no ise in the simplest possible system 
is shown in Figure 9. It is clear that the single ended 
amplifi er has no ability to differentiate between the signal 
voltage and the "Commo n Mode" vo ltage. 

A first attempt to solve the problem might involve t he use 
of an operational amplifier in the differential mode. In 
principle it works. In practice, its use is restricted to fixed, 
low gain situations for the following reasons. To avoid 
source loading errors, it is necessary to use high value resistor 
networks which can result in troublesome bias current noise 
and drift. Therefore, low gains are used to keep t he gain 
ratio Rr/Rin as low as possible. 

Another problem arises in maintaining high CMR with gain 
changes. Since CMR is direct ly related to gain resistor 

BRIDG E CIRCUIT 

Ao= DIFFERENT IAL GAIN 
AcM = COMMON MOD E GAIN 

E' + E, = EcM 
2 

A _ Ao 
CM - CMRR 

.. 
= 

balance , any resistor changes, as encountered when varying 
gain, will require a retuning. This procedure is both time 
consuming and impractical for most applications. These 
difficulties are highlighted in the example of Figure 10. 

In this example a gain of lOOOV IV is desired to amplify a 
lOmV signal. To avoid loading down the lk.Q source 
impedance, a 1Mr2 resistor is used for a 0 .1 % loading error. 
The desired gai n is set using a 5Mr2 feedback resistor and 
output attenuator. To preserve a CMR of 80dB for noise 
rejection, the gain resistor network must be balanced to an 
accuracy of 1 part in 10,000 which is difficult. If the 
gain must now be adjusted to another value, the delicate 
tweaking procedure must be repeated which is one of the 
difficulties in using this circuit. The second obstacle 
obviously arises from using high gains a nd resistor values 
which lead to excessive input noise and drift. 

The instrumentation amplifier, with differential inputs, 
overcomes these two difficulties. High input impedance is 
achieved without an external summing resistor and high 
CMRR is maintained as gain adjustments from 1 to 
1 OOOV IV are made by varying only one resistor . The circuit 
of Figure 8 demonstrates t hat gain adjustment using one 
resistor does not requir e changing several sets of resistors as 
is required to a lt er the gain with differential amplifiers. 
Close matching of internal ga in resistors and other compon
ents during manufacture assures extremely high CMRR. 
An output sense terminal is usually avai lable to either 
convert the o utput for current feedback operation or to 
allow the use of a booster amplifier inside the feedback loop. 

The equivalent model of Figure 8 reveals t he main circuit 
elements to consider when ap pl yi ng this device. ZcM and 
Zd will yield gain errors due to loading of the source 
resistance and are frequency dependent. Zd will vary with 
gain and is specified at its minimum value . Z0 will a lso y ield 
small gain error under heavy loading . 

AcM EcM 

EouT 

Ao E1 + E2 
EouT = Ao(E, - E,I+ CMRR ( - 2- 1 

Figure 8. Instrumentation Amplifier Equivalent 
Model When Used as a Bridge Amplifier 
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Specifying the Instrumentation Amplifier 
When applying the instrumentation amplifier, several new 
param eters appear which are not common to the o perational 
am plifier. For example , using a committed gain co nfig
uration eliminates open loop gain as a parameter which leads 
to new gain non-linearity and stability terms. Drift terms 
also appear differently and are gain dependent since input 
and output am plifiers make up the total design. Drift is 
spec ified as "referred to input (RTI) or output (RTO)" at 
minimum and max imum gains. Total drift, referred to input, 
is then calculated as: Total RTI drift= [RTI drift+ 
RTO drift /gain] µV /0 C. 

Probably the quickest way to understand and specify the 
instrumentation amplifier is to appl y this device in a 
straightforward application . This is done in Figure 8 . An 
error budget for the design is developed below to illustrate 
a possible selection technique. 

Error Source Value 

Gain Drift ±lOmV 
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Offset Drift 

Total Drift Error 
Linearity Error 
CMRR Error 

Offset Error 

Input Loading Error 

Output Loading Error 

Total Error@ +2S °C 

Total Error (+S°C to +4S°C) 

±220mV 

+230mV 
±lOmV 
±SOmV 

""'0V 

""'0V 
SmV 

±6SmV 

±29SmV 

For the example shown , a S .9 % error results using the 
amplifier parameters as specified in the chart. If this error 
is excessive, then key areas to consider for im provement are 
drift and CMRR. Using a lµV !° C (RTI) amplifier would 
significantly reduce drift error by 180mV (3.6%) to 40mV 
(0.8%). If CMV is relatively constant (and for a bridge circuit 
this is the case), then a simple offset adjustment can 
reduce the CMRR gain error to virtually zero (1 % improve
ment). The total error will t hen be appro ximately ±SSmV 
(1.1 %) which demonstrates the importance of selecting the 
proper drift and CMRR fo r the application, keeping in 
mind that CMRR errors can be compensated by using gain 
trim if CMV is constant. A high CMRR rating will be required 
for widely varying CMV. 

ERROR BUDGET ANALYSIS 
(For Circuit of Figures) 

Operating Conditions 

ErN = ±SmV 

EouT = ±SV 

EcM = +SV 
6T"' ±20°C 

TAMB = +2S°C 

RLOAD = lOkQ 

Bridge = S OOS1 

COMPUTATION 

% Full Scale SV 

0 .2% 

4.4% 

4.6% 
0.2% 
1% 

0.1 % 

1.3% 

S.9% 

Amplifier Specifications 

e05 Drift= ±lmV I C (RTO), 
±IOµV!°C (RT!) 

Gain Drift= ±0 .01%(G= 1000 V N) 

IB = 20nA 
Zct = 300MS1 

ZcM = 1000MS1 
CMRR = lOOdB 

Gain = 1 OOOV IV 
Non-Linearity = ±0.01 % 

R0 = lOSl 

Calculation 

= ±0.01 %!° c x 6 T x EouT 
= (RTI drift x Gain+ RTO drift) x 6 T 

(+S°C to +4S°C) = 6 T 
0.01 % @ lOV (independent of output level) 

AcM = (Ad/cMRR) x EcM 
e05 (RTI) x Gain = lmV x 1000 

(adjust to OV) 
""'R5 /Rct = 0.0002% (negligible) 

Ro/RLOAD x eout 

@constant temperature 

(±230mV + 6SmV) 



APPLYING T HE ISOLATION AMPLIFIER 
Analog Devices has recently developed and introduced a 
series of unique DC coupled isolation amplifiers. Offering 
total ground isolation and low stray coupling capacitance 
(< lOpF) between input and output grounds, these compact 
modules develop extremely high CMR (115dB@ 60Hz) and 
CMV ratings (to 5kV) using modulation techniques with 
transformer isolation. Capable of transmitting millivolt 
signals in the presence of up to 1000 volts common mode, 
with unity gain or with adjustable gain , these amplifiers 
are ideal for medical (ECG) applications where it is important 
to isolate hospital patients from potentially lethal ground 
fau lt currents, and for industrial applications, to interrupt 
ground loops between transducers and output conditioning 
circuits. 

All models are designed to improve on the existing patient 
safety specifications of Underwriter 's Laboratories and 
other regulatory agencies. When used for ECG and EEG 
patient-monitoring equipment, these amplifiers will do their 
job without exposing the hospital patient to the hazards of 
microshock and possible electrocution. 

ISOLATION VS INSTRUMENTATION AMPLIFIERS 
There are several aspects of the isolation amplifier design 
which make it a useful alternative to the instrumentation 
amplifier for a specific set of operating conditions. In 
general, isolation amplifiers should be considered for 
applications requiring: 1) moderate gain (i to IOVN) ; 
2) high CMR and CMV under heavy source imbalance 
(5k.Q); 3) moderate RTO drifts (to 300µV !° C); and 
4) wherever it is necessary to eliminate bias currents for two 
wire systems or the more carefree three lead transducer 
hook-ups. Total signal ground isolation is an added feature 
which may be found useful for improving overall performance. 

Circuit Description 
These designs have committed gain circuits with internal feed
back networks as do instrumentation amplifiers. Each model 
in this series operates from DC to 2kHz and is designed in 
two parts - an isolated front end amplifier section,-followed 
by a grounded output section. The front end circuitry 
includes: 1) an input op amp with fixed gain (see Figure 11 
for models 272, 273) or adjustable gain (see 274 block 
diagram in product specification section); 2) a modulator; 
and 3) a DC regulator circuit, all enclosed in a floating 
guard-shield . The output section contains a demodulator 
circuit with low pass filter and power oscillator circuit 
operating from a single +15VDC supply . Operating power 
is transformer-coupled into the shielded input circuits and 
capacitively or magnetically cou pled (model 274) to the 
output demodulator circuit . 

CMR Holds Up at Low Gain 
Common mode performance of isolation amplifiers is 
independent of amplifier gain, and is determined primarily 
by the amount of stray capacitance from input circu it to 
guard-shield (CMR 1) a nd from guard-shield to o utput 
common (CMR 2) (see Figure 12). Shielding and transformer 
design are essential to high common-mode rejection. 
Conversely, CMR performance of instrumentation amplifiers 
is gain dependent, although significantly improved over 
conventional differential amplifier designs. 

At gains below 10, CMR is reduced to typical values of 60dB 
with lkr2 source imbalance. For isolation amplifiers, 
typical ratings of 150dB with a 5kr2 source imbalance are 
not uncommon - 90dB (3000:1) improvement . High CMV 
ratings up to 1000 volts are also readily achieved with 
isolation designs which do not require the well balanced and 
complex circuits used in instrumentatio n amplifiers . 

Zero Bias Current, Low RTO Drift, Linearity 
Isolation amplifiers operating with single ended input stages 
result in only differential current flow between input high 
and signal ground with zero net bias current flow. 
Instrument amplifiers, with differential inputs and signal 
gro und returns, have bias current and differential current 
flow which require the use of a third wire return or external 
circuitry to accommodate these "housekeeping" bias currents. 

Regarding ampl ifier drift a nd linearity : at low gains (below 
lOVN), drift of instrument amplifiers (typically 100 to 

500µV/°C RTO) usually becomes a significant part of the 
overall drift specification and approaches the performance 
of isolation amplifiers (typically lOOµV !°C x Gain) . 
Gain nonlinearity in certain models (2 72 /2 7 3) is amplitude 
dependent, improving from 0.2% at 4V p-p inputs to 0 .02% at 
40mV p-p inputs. For model 274], nonlinearit y is approxi
mately ±0.5% at ±10 volts full scale output. 

GUIDELINES FOR MEDICAL APPLICATIONS 
Several unique problems arise when designing front-end 
amplifiers for biological a pplicat ions. These relate to: 

1) electrode voltage offsets setting a limit o n amplifier gain; 
2) trading off amplifier input noise to achieve defibrillator 
protection; and 3) dealing with multiple CMV noise sources 
arising along the surface of a patient's body and between 
patient /amplifier ground points. The following discussion 
describes isolation amplifier features which afford some 
design relief when applying these devices in medical 
applications. 

Two CMR Ratings Available 
The guard shield, enclosing the input circuitry, is brought 
out to an external pin for connection to a commo n mode 
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source voltage . In fact, the transformer isolation technique 
develops two common mode barriers, one on either side 
of th e guard shield . This makes it possible to reject two 
sources o f co mmon mode erro r vo ltage. These co nditio ns 
appear as CMV voltages , CMVl and CMV 2 in Figure 12, with 
typical values of CMR also shown . 

These fea tures are useful when CMV so urces and their 
internal impedances are obscured o r buried as might occur 
in feta l heart mo nito ring and ECG mo ni toring a ppli cat io ns, 
whenever signal and transducer so urces are not discretely 
defi ned, or when t he am pl ifier is not in close proxim ity to 

t he signal so urce. 

Effects of Electrode Offset Voltage (ECG , EEG , etc.) 
Bio logical signals are fr equentl y superimposed o n normal 
mod e (as o pposed to commo n mod e) o ffset vo ltages wh ic h 
ar ise fro m galvanic b ias pot entials a t the patient/elect ro de 
interface. T hese signals, wh ich may be as high as 500mV 
(ECG) limit t he amo unt of am plifier gain o ne may use before 
AC co upling t he signal to t he fo llowing high gain circui ts. 
The u nity gai n buffers (272, 273) wit h ± 3V signal ra nge 
are useful fo r processi ng t he larger ECG signals. If amplifica
ti on is desired , a gain of 20V /V may be taken wi th the 
27 4] to process ECG signals before saturatio n occurs at 
offsets beyond 500 mV. With lower offset s, as enco untered 
with EEG elect ro des and d irect blood pressure transdu cer 

+IN 

FROM 
PATIENT 
LEADS 

- IN 

SHI ELD 

Cs ,-- -- - ------- - - , GAIN = lV/V 
_L-1 FET INPUT I DC TO 2kHz ... : ~ ~ 

I -l J... 
I Cs * 1 , cs 
t I I 1 ..-----. 
I I 
I I DEMOD 
I I 
I ' I I L---.---,,--' 

l I ~ c 
: ~.:j-Y s 

*: Cs * ri 
L 1 I I .-....L.---l'---. 

Cs I CL~~~TEE~T : OSC I LLATOR 

CONVERTER I 150kHz 
I 
I I 

t--- SHIELD ' I T Cs +9 TO +28 

: L +~ ~~oc 
I Cs = STRAY I 
: CAPACITANCE I< HlpF) : 
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R • = lMU 1273J) 
2MH (273K) 
20Mf! (272J) 

Figure 11. Block Diagram of 
Unity Gain Isolation Amplifiers 
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circuits , higher gains of up to lOOV N may be taken in the 
model 274 amplifier. 

Amplifier Noise Performance vs Defibrillator Protection 
Relatively large no ise vo ltage is developed in the large inpu t 
resistor used to support repeated blasts of up to 5kV o f 
defibrillator voltage. This resistor is required to limit the 
max imum input current t o the F ETS , but unfo rtunately 
introduces no ise acco rd ing to the expression : 

En = 0 .825 V R(MS1) x BW(Hz) µ Vp-p 

The Johnson noise for a 1 megohm resistor is 8.25µV p-p in 
a lOOHz bandwidth, based on the above equation . Combined 
with 3-SµV p-p FET input noise , the 27 3] with 1 megohm 
input resistor has approximately lOµV p-p of input noise in 
a lOOHz bandwidth . Model 272] has approximately 35µV 
p-p of noise . 

For ECG and direct blood pressure transducer amplifiers , it 
would be desirable to combine in one module , 273] noise 
performance with 272] defibrillator protection. For even 
lower noise applications, such as EMG and EEG where 

defibrillator protection usually is not required, an even 
lower noise level (3 to 5µV p-p) would be advantageous . 
Analog Devices has developed models 273K and 274] t o 
accommodate both of these requirements . 

PATIENT 
ECG ELECTRODES 

A. B.C 

ECG 

P.C. CARD 

SIGNA L -~...1_=-..J 

Figure 12. Patient-Amplifier 
Interconnection Diagram 
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DEFINITION OF SPECIFICATIONS 

Absolute Maximu m Differential 
Under most operating conditions, feedback maintains the 
error voltage between in puts to near zero volts. How
ever, in some applications, such as voltage comparators, 
the voltage between inputs can become large. Ed defines the 
maximum vo ltage which can be applied between inputs 
without causing permanent damage to the amp lifier. 

Common Mode Rejection 
An ideal operational am plifier responds only to the difference 
voltage between inputs (e+ minus e-) and produces no out
put for a common mode voltage, that is , when both inputs 
are at the same potential. However, due to slightly different 
gains between the plus and minus inputs, commo n mode 
input voltages are not entirely subtracted at the output. If 
the output error voltage is referred to the input (dividing by 
closed loo p gain) it reflects the common mode error vo ltage 
between the inputs. Common mode rejection ratio (CMRR) 
is defined as the ratio of common mode voltage to common 
mode error voltage. CMRR is sometimes expressed in dB. 

Precisely specify ing CMRR is com plicated by the fact that 
commo n mode voltage error, eEcm. can be a highly non
linear function of common mode voltage and it also varies 
with temperature. This is particularly true for F ET input 
amplifiers. As a consequence, CMRR data published by 
Analog Devices are average figures assuming an end point 
measurement at the common mode voltage specified. 
The incremental CMRR about some large commo n mode 
voltage may be less than the average CMRR whic h is 
specified. Published CMRR specificat ions apply only to DC 
input signals. CMRR becomes lower with increasing 
frequency. 

Drift vs. Supply 
Offset voltage, bias current and difference current vary as 
su pply voltage is varied. Usually errors due to this effect are 
negligible compared to temperature drift. 

Drift vs. Time 
Offset voltage, bias current and difference current change 
with time as components age. It is important to realize that 
the published time drift for amplifiers does not accumulate 
linearly. For exam ple , voltage drift for a chopper stabilized 
amplifier (which is by far the best amplifier type for long 
term stability) might be quoted as lµV /day whereas 
cu mmula tive drift over 30 days would not exceed 5µV nor 
15µV in a year. In general the drift acc umulatio n may be 
extrapolated by multiplying the specified drift /day by the 
square root of the number of days. Since our catalog 
specifies drift /mo nth , divide by y'30 or 5.5 to obtain drift / 
day . 

Full Power Response 
The large signal and small signal response characterist ics of 
o peratio nal amplifiers differ substantially. An amplifier will 
not respond to large signal changes as fast as the small 
signal bandwidth characteristics would predict , primarily 
because of slew rate limiting in the output stages. We specify 
full power response in two ways: Full linear response a nd 
full peak response . 

Full linear response , f P• is the maximum frequency at unit y 
closed loo p gain , for which a sinusoidal input signal will 
produce full o utput at rated load without exceeding 
pre-determined distortion level. ore that t his specification 
does not relate to "response" in the sense of gain reduction 
with frequency but refers only to distortio n in the o utput 
signal. There is no industry wide accepted value for the 
distortion level which determines the full linear response 
limitation but we use 3% as a maximum acceptable limit. One 
subt le po int here is that in many applications the distortion 
which is caused by exceed ing the full linear resp o nse can be 
comfortab ly ignored. But a far more serious effect, often 
overlooked , is that a DC offset voltage can be generated 
when the full linear response is exceeded. This is due to 
rectification of the asymmetrical feedback waveform or 
overloading the input stage with large distortion signals at 
the summing junction. 

Certain amplifiers designed to o ptimize high frequency 
performance will provide full o utput swing substantially 
beyo nd the full linear response (3% distortion) limit 
described above. Since linear waveshape is not generally a 
consideratio n in the use of these devices, they are specified 
to the maximum frequency at which they will produce full 
output swing. This is termed "full peak response" and is 
indicated as such o n the specification charts by the word 
" peak " in the row marked "Full Power Response ." 

Initial Bias Current 
Bias current, ib, is defined as the current required at either 
input from an infinite source impedance to drive the output 
to zero (assuming zero commo n mode vo ltage). For 
differential amplifiers , bias current is present at both the 
negative and posit ive inputs. All Analog Devices 
specifications pertai n to the worst of the two (not average 
or mean). For single ended amplifiers, bias current refers to 
the current at the negative input only . 

Initial bias current, lb , is the bias current at either input 
measured at +25 ° C, rated supply voltages and zero common 
mode voltage. T he designation (O . +)or (O.-) indicates that 
no internal compensation has been used to reduce initial 
bias current and hence the po lari ty is always known. The 
sign indicates to which power supply voltage an external 
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compensating resistor should be connected to zero the 
initial bias current. The designation (±) indicates that internal 
compensation has been used to reduce initial bias current 
and that the residual bias current may be of either polarity. 
In general, compensating initial bias current has little effect 
on the bias current temperature coefficient. One should 
note that the bias current of FET amplifiers increases by a 
factor of 2 for each 10°C rise in temperature. 

Initial Difference Current 
Difference current , id , is defined as the difference between 
the bias currents at each input. The input .circuitry of 
differential amplifiers is generally symmetrical so that bias 
currents at both inputs tend to be equal and tend to track 
with changes in temperature and supply voltage. Therefore, 
difference current is about .1 times the bias current at 
either input, assuming that initial bias current has not been 
compensated. 

Input Impedance 
Differential input impedance, Rd , is defined as the 
impedance between the two input terminals , measured at 
+25 ° C, assuming that the erior voltage eE is nulled or very 
near zero volts. To a first approximation, dy namic 
impedance can be represented by a capacitor , Cd, in para llel 
with Rd . 

Common mode impedance, Rem . is defined as the im pedance 
between each input and ground (or power supply common) 
and is specified at +25 °C. For most circuits common mode 
impedance on the negative input Rem-, has little significance 
except for the capacitance which it adds to the summing 
junctions. However, common mode impedance on the plus 
input, Rem+. sets the upper limit on closed loop input 
impedance for the non-inverting configuration. Dynamic 
impedance can be represented by a capacitor, Ccm. in 
parallel with Rem which usually runs from 5 to 25pF on the 
plus input. 

Common mode impedance is a non-linear function of both 
temperature and common mode voltage. For FET 
amplifiers, common mode impedance is reduced by a factor 
of two for each 10°C temperature rise. 

As a function of a common mode voltage, Rem is defined 
as average impedance for a common mode voltage change 
from zero to ±Ecm• that is, maximum common mode 
vo ltage. Incremental Rem about some large common mode 
voltage may be considerably less than the specified average 
Rem. especially for FET input amplifiers. 

Initial Offset Voltage 
Offset voltage, eos, is defined as the voltage required at the 
input from a zero source impedance to drive the output to 
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zero. Initial offset voltage, E0 s, defines the offset voltage 
at + 25 ° C and rated supply voltages. In most amplifiers, 
provisio ns are made to adjust initial offset to zero with an 
external trim potentiometer. 

Input Noise 
Input voltage and current noise characteristics can be 
specified and analyzed very much like offset voltage and 
bias current characteristics. In fact, drift can be considered 
noise which occurs at very low frequencies. The primary 
difference in measuring and specifying noise as opposed to 
DC drift is that bandwidth must be considered. At low 
frequencies, lOOHz or less, l /f noise prevails which means 
that the noise per root cycle increases inversely with the 
square root of frequency. At the mid -band frequencies 
noise per root cycle is constant or "white." 

For this reason two noise specifications are given . Low 
frequency noise in a bandpass of 0.01 to lHz is specified as 
peak-to-peak with a 3.30 uncertainty, signifying that 99.9% 
of the observed peak-to-peak excursions will fall within the 
specified limits . Wideband noise in a bandpass of 5 Hz to 
50kHz is specified as rms. 

Maximum Common Mode Voltage 
For differential input amplifiers, the voltage at both inputs 
can be raised above ground potential. Common mode voltage, 
Ecm. is defined as the voltage (above ground) when both 
inputs are at the same voltage. Ecm is defined as the 
maximum peak common mode voltage which will produce 
less than a 1 % error at the output. Ecm establishes the 
maximum input voltage for the vol tage follower connection . 

Open Loop Gain 
Open loop gain, A, is defined as the ratio of a change of output 
voltage to the error voltage applied between the amplifier 
inputs to produce the change. Gain is usually specified only 
at DC(A0 ), but in many applications the frequency dependence 
of gain is also important. For this reason the typical open loop 
gain response is published for each amplifier. 

Overload Recovery 
Overload recovery, T, defines the time required for the output 
voltage to recover to the rated o utput voltage E0 from a 
saturated condition. In some amplifiers the overload recovery 
will increase for large impedances (greater than 50kfl) in the 
input circuit. Published specifications apply for low 
impedances and assume that overload recovery is not 
degraded by stray capacitance in the feedback network . 
Overload recovery is defined for 50% overdrive. 

Rated Output 
Rated output voltage is the minimum peak output voltage 
which can be obtained at rated output current before 



clipping or excessive non-linearity occurs. Rated output 
current is the minimum guaranteed value of current 
supplied at the rated output voltage . Load impedance less 
than E0 / 10 can be used but E0 will decrease, distortion may 
increase and open loop gain will be reduced . (All models 
are short circuit protected .) 

Settling Time 
(See discussion on previo us section on Selecting an 
Amplifier.) 

Slewing Rate 
Slewing rate, S, usually in volts/µsec , defines the maximum 
rate of change of output voltage for a large input step 
change. S = 21lfpEo 

Temperature Drift 
Offset voltage, bias current and difference current all 
change or "drift" from their initial values with temperature. 
This is by far the most important source of error in most 
applications. T he temperature coefficients of these 
parameters, Lle0 s/LlT , Llib / LlT , a nd Llid / LlT are a ll defined 
as the average slope over a specified temperature range. In 
general, however, drift is a non-linear function of 
temperature and the slopes are greater at the extremes of 
temperature than around normal (+25°C) ambient which 
generally means that for small temperature excursions , the 
specification is conservative. 

For example, a rather popular method of specifying this 
extremely important parameter consists of: a) arithmetically 
subtracting the measured offset values at the upper and 
lower temperature extremes and b) dividing this difference 
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Figure 13 

by the temperature excursion. This can yield a n extremely 
misleading result , particularly where offset drifts in the same 
direction at the two extremes. It is obvio usl y possible to 
have no difference in the two end-point measurements , yet 
severe slopes may exist between the two as illustrated in 
Figure 13. In this case the apparent (specified) drift would 
be zero µV /0 C. 

Analog Devices employs two methods of drift specification -
a " true butterfly" curve characteristic fo r the high 
performance/low drift models, and a " modified butterfly" 
for the lower cost amplifiers . Both overcome the deficiencies 
described above. A com par ison of these methods is sho wn 
with definitive equations in Figure 14. Essentially, the 
butterfly characteristic insures that if the amplifier is adjusted 
to zero a: room temperature (Tr), the offset at any tempera
ture would, in no case, exceed the value predicted by 
multiplying the specified drift rate (in µV /°C) by the 
temperature excursion. 

Unity Gain Small Signal Response 
Unity gain small signal response, fr , is the frequency at which 
the open loop gain becomes unit y or zero dB . "Small signal" 
indicates that in general it is not possible to o btain large 
output voltage swing at high frequencies because of 
distortion due to slew rate limiting or signal rectification. 
For amplifiers with symmetrical response o n each input, fr 
may be obtained by either the inverting or non-inverting 
configurations. Some wideband amplifiers with feed forward 
design have fast response only on the negative input which 
restricts high speed use to the inverting circuit. 

BUTTERFLY CHARACTERISTICS 

True Butterfly Spec Mod1f1ed Butterfly Spec 
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Figure 14 
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Dc:ocription Modcl 1 

General Purpose - Bipolar 
Moderate Performance Op Amps 

Good Performan ce Economy ! 18 A/ K 
Low Cost , 20mA Output 119 A/ K 
Economy , Speed , IC AD201A 
Lowest Cost, General Purpose , IC AD741 ) /KIL ' 
Super Beta-Low 2nA lbias IC AD208/A 
H~ Accura~IC AD301 AL 

General Purpose FET -
Low Bias Curren t, High Zin O p Amps 

Lowest Cost Discrete 40 j / K 
Guaranteed CMR - Low Bias 43 j / K 
Lowest Bias - High CM R 41 j / K/ L 
Lowest Drift - 20mA Output 146 j / K 
Best Choice - Economy IC AD503 j / K' 
Hybrid - Lowest Offset & Bias, IC AD5 l l A/B 
High GBW , Slew Rate , IC AD513 J/ K' 
Low V 05 Economy IC AD506 ) / KIL' 
Low Vos Externally Compensated IC AD516 j / K 
Economy IC ADHOJ 

Wide Bandwidth -
Fast Settling Op Amps 

IOOOV /µ s Slew, !OOns Settling , lOOmA 46 j / K 
125V/µs,250nsSetthngtoO 1% 48 j / K 
I OOmA Output - 80MHz fp - D1ff Input 50 j / K 

Lowest Cost - lµ s Settling to 0 .0 I % 45 j / K 
0 .01 % Buffer , lµs to 0 .01% 44 j / K 
!OOMHz GBW, Lowest Drift 120 A/B 
Wideband , ! 30V/µ s, IC AD505 j / K • 
Slew Raie , High Gain, IC AD507 JI K' 
lligh Speed, Diff Input IC AD509 j / K' 
lligh Speed, Low Cost IC AD5!8j/K' 

Low Voltage Drift -
Chopper Stablized Op Am ps 

0. lµV /° C Drift - Lowest Noise 234 j / K/ L 
Lo west Cost - General Purpose 2 33 j / K/ L 
Low Cost , Non-Inverting , High Zin 260 j / K 
General Purpose - 25mA Output 231 J! K 
High Bandw idth - 20mA Output 210/ 211 

Low Voltage Drift -
Differential Input , High CMR Op Amps 

Lowest Cost - 0 .25µV t° C 184 j / K/ L 
Hanery Powered - General Purpose 153 j / K 
Lowest Bias, 4nA, 0 .5µV !°C 180 j / K 
Su pe r Beta , lµV 1° C, 20nA , IC AD508 ) / KIL• 
1 lighest CMR, Low Offset and Drift , IC AD504 ) / KIL ' 3 

Ekctrometers -
L11 tra Low Bias Current 
\'a ractor , Invert ing 310 j / K 
Varactor, Non-Inverting 311 j / K 
I uwcst Cost - I ligh Gain FET 42 j / K/ L 
ll 1gh CMR , Wideband 41 j / K/ L 
I· LT, Input , IC AD523 ) / KIL• 

lligh Output Voltage or Current Op Amps 
1 OOmA Booster - Lowest Cost B!OO 
ZOV, 20mA Output - High CMR 163 A/ K 
ZOµV , 5mA Output - Economy 165 A/ K 
14llV Output 171 j / K 
!1IOmA Output - 80MHz fp - Diff Input 50 j / K 

CuJranteed lOmA vs. Temp , JC AD5 !2 KIS 
Instru mentation Amplifiers 

Lu\\ Drift - High CMR 605 j / K/L 
l. uw Cost, General Purpose 603 j / K/ L 
Luw Drift - Fixed Gains 602J10/ 

)100/ KIOO 
Lu \\ Cost , General P~ose, IC AD520jlK/S 

Isolation Amplifiers, 
Medical , Industrial 

EEG/ECG Inpu ts, Adjust Gain 274) 
ECG Input, 5kV Safecy 273K 
Low Noise Buffrr 273) 
ECG Input, 5kV Safc<y 272) 

1 Rated specifications for J, K, and L versions apply over the 
0°C to +70°C temperature range ; for A and 8 versions over 

CAPSULE SELECTION TABLE AMPLIFIER PRODUCTS 

Open Loop 
Rated Outpu< Frequency Response 

Gain 

VIV v mA 
Uni<y Gain FuU Power Slew Rate 

MHz kHz VIµ. 

250k ±10 ±5 1.5 100 6 .0 
500k ±10 ±20 1.5 100 6 .0 
50k ±IO ±5 1.0 10 0 .5 
50k ±IO ±10/ 5/5 1.0 10 0. 5 

50k/ 80k ±13 ± 1.3 1.0 10 0 .3 
80k ±IO ±5 1-10 0-150 0.25-9 

50k ±10 ±5 4.0 100 6.0 
50k ± IO ±5 4.0 100/200 6.0/12.0 

!OOk ±IO ±5 1.0 50 3.0 
lOOk ± IO ±20 5.0 150 10 

20k/ 50k ± 10 ±5 1.0 100 6 .0 
25k ± IO ±5 1.0 70 5.0 

20k/ 50k ± 10 ±5 l.U to 800 to 50 
20k/50k/75k ± IO ±5 1.0 IOU 6.0 

20k/ 50k ±IO ±5 1.0 100 6 .0 
20k ± IO ±5 I 0 100 6.0 

25k ± IO ± JOO 40 IOMllz 1000 
IOOk ±IO ±20 15 I .5Mllz( mv.) 125 (mv.) 
25k ±IO ± IOO 40 80Mllz 500 
50k ± 10 ±20 10 !MHz 75 
lOOk ±IO ±20 10 !MHz 75 
500k ±IO ±2 5 10 -100 4Mllz 250 

100k/2 50k ± 10 ±5 10 2Mllz 120 
80k ± IO ±JU 35 JlO 20 
15k ± 12 ± IO 1.6/2.U 1600/2000 120 

200k ± 13 ±IO ±12 10,000 70 

!OM ±IO ±5 2.5 500 30 
!OM ± IO ±5 0 .5 4 .0 0 .25 
SM ± IO ±5 IOUH z 2-50H z IOOV/sec 
!OM ± IO ±25 0 .5 3.0 0 .2 

IOOM ± IO ±20 20 500 100 

300k ±10 ±5 1.0 5.0 0 .3 
50k ±1.0 ± 1.0 0 . 15 5.0 0 .02 

300k ±10 ±2 .5 1.0 10 0 .6 
250k/ !M/I M ± IO ±5 0 .3 1.5 0 . 12 
250k/500k/IM ± JO ±5 U.3 I 5 0 . 12 

IOOk ± JO ±5 2kHz 7Hz 0.4V /ms 
!OOk ± 10 ±5 ZkH z 7Hz 0 .4V /ms 
300k ±IO ±5 1.0 4 .0 0 .25 
!OOk ± 10 ±5 1.0 50 3.0 
75k ± 10 ±5 0 .5 70 5.0 

0 .85 ±10 ± 100 - I MHz -
500k ±20 ±20 1.5 50 6 .0 
250k ±20 ±5 1.5 50 6 .0 
!OM ±140 ±10 2.0 15 10 
25k ±10 ±JOO 40 80Mllz 500 
50k ± 121±10 ±12/± 10 1.0 10 0 .5 

1-IOOO ± IO ±5 0 .3 1.5 0.1 
1-2000 ± IO ±5 1.0 10 2.0 

10/ 1001100 ±10 ±4 7 5kH z - !%@!kHz -
1-1000 ±10 ±5 0 .2 75 _AJ)_ 

1-100 ±10 1.0 3.0k Hz 20011z -
1.0 ±3 0 .5 4kHz ZOO Hz -
1.0 ±3 0.5 4kHz 200Hz -
1.0 ±3 0 .5 2kHz 200Hz -

-25°C to +85°C; for Sand T versions over -55°C to +125°C. 
2 IC devices priced at 1-24 units, othcn at 1-9. 



(Specifications typical @ +25°C and ± ISVDC power supply unless otherwise noted .) 

Offset Voltage Input Bias Current Input Input Noise 
vs. Temperawrc @25°C vs. Temperature Impedance Voltage 

µV /°C max pA pA/oC 
Differcnnil ommon Mode 0.01 -IHz 5-50kHz 

!1 !1 µV ,p-p µV,rms 

±20/±5 0,+ 35nA ±0.6/±0.5nA/°C I 06 10• 1.0 J .O 
±20/±5 0,+35nA ±0.6/±0.5nA/°C 106 109 1.0 3.0 

±15 ±75nA - 4 x 106 - 4.0 5.0 (IOHz to IOkHz) 
±15 / ±5 ±75nA - 5 x 106 - 2.0 4.0 (I Oti z to I Ok Hz) 
±15 /± 5 ±2.0nA - 10 x 106 - - -

±5 30nA O. lnA/° C 4 x 10 6 - 2.0 4 .0 ( I OHz to I Ok Hz) 

±50/± 20 0 ,- 50/-20 2x110°c 10 11 1011 6.0 J .0 
±30/± 5 0 ,- 10/ 0.-20 2x/ 10°C 10 11 1011 6 .0 / 2.0 max 3.0 / 2.0 

±25/± 10/±2 5 0 ,-0 .5/-0.2 5/-0 .15 2x/ 10°C 1013 10 13 8.0 10 
±71±2 O,-J 0 /-2 0 2x/10°C 1011 10 11 6.0 16 

±75/±25 0 ,- 15 /- 10 2x/10°C 1011 1012 15 5 
±75/±2 5 0 ,- 25 /- 10 2x/ 10°C 1011 101 2 30 15 
±7 5/±2 5 0,-3 0 /-2 0 2x / 10°c 10 11 10 12 JO 15 

±7 5/± 25 /± 10 15 / I 0 / 5 2x/ I0°C 10 11 10 12 30 15 
±7 5/± 25 30/20 2x110°c 10 11 10 12 30 15 

±7 5 50 2x110°c 1011 10 12 15 5 

±75 /±25 0 ,- 100 2x/ 10°C 10 11 10 11 10 5.0 
±50/± 15 0,-50/-2 5 2x/ 10'c 10 11 10 11 2.0 3.0 
±50/± 15 0,-2 nA 2x/ 10°C 10 11 10 11 5 J.O (IOHz to !OkHz) 

±50/± 15 0 ,- 50/- 25 2x/l o' c 1011 10 11 5.0 J .O 
±50/± 15 0 ,- 50/- 25 2x110°c 1011 1011 2.U J .O 

±15 /± 8 0,+5 5nA 0.9 /0.7nA/° C 2 x 10 5 - 0 .5 J .O 
± 15 /±8 ty p ±75/±2 5nJ\ - 2 x 106 - 8(0 .0 I to I Oll z) 20 

± 15/±15 max ±25nA 40 x 106 7 .0 (I to I OOkl lz) 

20 125/ l OOnA JOO x 106 

4 U/2.0mV 120nA J x 106 

--

± 1.0 / ±0.J /± O. l ± 100 ±4/ ±2/± 2 J x 10 5 NA 1.U 2.0 
± 1.0 / ±0. J /±0. I ±50 ±2/± 1/±0.5 6 x 10 5 NA 1.0 J .O 

±O.J/±0 .1 ±J OO ±10 8 x 104 //0 .0 lµ F 109 //0.02µF 0 .4 -

±U.2 5/±0 . 1 ±100/ ±50 ± 1/ ±0.5 J x 10 5 NA 1.5 5.U 
±0.5 / ± 1.0 ± 100/±150 ± 1/±J 5 x 10 5 NA 5/ 10 JU 

± 1.5/ ±0 .5/±0 .25 0,+ 25nA ±0.2 5nA/° C 4 x 106 2 x 109 1.0 4 .0 
±5.0 /±2 .0 ±J nA ±O . lnA/° C 106 2 x 10' 1.0 4 .U 
± 1.5/±0.5 ±4n A ±O. l / ±0.05nAf° C 2 x 106 10• 1.U 4 .0 

±J .0 /±0 .5/±1 .0 ±25 / ±10/± 10 100/40/40 4 x 106 100 x 106 1.0 2.U 
±5.0/±J.0/±1.0 ±2001± I OU/±80 200 106 10' 1.0 2 () 

±J0/±10 ± I Of A ±lfA1°c 3 x to '' - 10 10 ( I to I OOHz) 
±J0/±10 ± I Of A ±JfA/° C 3 x 10 11 - 10 10 (I to lOOHz) 

±50. ±15 ±25 350/100/75fA 4(0 to +70 ·cl 1013 10" 6.0 8.0 
±25 / ± 10/±2 5 0 ,-0 .5/-0 .25 /-0. 15 4(0 to +70°C) 1013 10 13 8.0 10 
±90/±J0/±60 -1 .0 /-0 .5/-0 .2 5 2x/l o ' c 10 12 10 13 20 -

±1.omv1° c ±500µA - 9 x 103 NA - -
±20/±5 0 ,+ 35nJ\ ±0.6/±0.5 nA /°C 10• 10 9 1.0 4 .0 
±201±5 O,+ J5nA ±0.6/±0. 5 nA/° C 106 10• 1.0 4 .0 
±50/±15 -50/-20 2x/10' C 1011 1011 4.0 2.5 (!Olh to IOkHz) 
±50/±15 0,-2nJ\ Zx/l o'c 10 11 I Ou 5 J.O IOllz to IOkHz) 
±20/±2 5 ±200 nA - 2 x 106 - 4.0 5.0 (IOHz to I OkHz) 

±Ji± l/±0.5(G= 1000) O.+IOOnA -I .OnA/°C 10• 10• I 5(G=IOOO) 5 (G=l) 
±50/± l 5/± 5(G= 1000) 0 ,-50/-20/-20 2x/ 10°c 1012 10 12 2(G= l 000) 80 (G= l) 

± J0/±1000/±200 ±50nA ±l.0nA/°C 109 - - -
± I 0/± 5/±~G= IOOQL ±40/± 20/± 20nA 0 .5/ 0.2/0.5nA/° C 2 x 109 - ~VJ_G= IOOQ.)_ -

±100 RTI, G=IOO ryp 0,-50 2x/10°C 1012 1011 J 5 

JOO ryp 0 ,-50 2x110°c 10 12 10 11 J 5 
±JOO typ 0 ,- 50 2x/ 10°C 1012 1011 J 5 
±125 ryp 0 ,-50 2x/ 10°C 1012 1011 6 15 

3 Also available in "M" version - 0.5mV/°C max Offset Voltage Drift; 0.6mV p-p max Input Voltage Noise (0.1 to lOHz ); $30.00 (1-24) 
•Also available in "S" version. 

Prices/ Small Quantiry 2 

Dollars 

$ 

11 / 2 1 
24 / 34 
4. 10 

1.85 / 3 .40/9 
10 .50/ 21 

6 

12/ 19 
20/ 26 

45 / 55 / 64 
55 /68 

14.8012 1 
20/ 24 

11 / 1 J .50 
I J/ 15.5 0/2-l 

I J / 15 .50 
6.45 

75 192 
49/59 
75/92 

J7 /47 
42 / 52 
65175 
15118 
9115 

1150/1875 
J/7.20/12.00 

54/65 / 89 
45 / 5417 5 

49/ 64 
80/1 15 
15 7/ 11 J 

J9 / 55 /65 
40/ 50 
72 190 

2 1. 20/ 29.80/ 38 
11.20. 19 80!28 

59/ 95 
59/ 95 

25. J2, J6 
45 / 55 / 64 
2 1/ 25 / 28 

JO 
J6 / 46 
24/ 34 
69. 79 
75, 92 

619 

59165180 
J9/45 / 50 

5915517 5 
18/24/33 

115 
109 
109 
109 
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GENERAL PURPOSE-MODERATE PERFORMANCE 
MODELS 118, 119, 201A, 741 , 208, 301AL 

GENERAL DESCRIPTION 
Amplifiers in this group include Analog's lowest cost devices . 
They are best suited for general purpose designs with 
moderate drift requirements in the range from 5 to 40µV !° C, 
unity gain bandwidths to lMHz, and full power response 
to lOOkHz . Using silicon bipolar transistors as the differential 
input stage, bias currents range from 2 to 75nA placing upper 
limits of lOk to lOOk ohms on circuit impedances for best 
performance. Typical applications include linear designs for 
summing, inverting, impedance buffering (followers) and 
active filtering. They are also useful for developing non
linear transfer functions. 

MODEL 118 A/K: LOWEST COST 
The first op amp to consider for general purpose applications 
is model 118, a discrete component amplifier which surpasses 
the performance of lower cost I C's. It has high open loop 
gain and good slew rate with drifts of 20µV !° C ( l 18A) and 
5µV !° C (118K). Careful component selection and advanced 
design techniques yield low bias current and low thermal 
overshoots for improved performance over earlier discrete 
op amp designs. 

MODEL 119 A/K: 20mA OUTPUT 
Model 119 A(K) is identical to 118 A(K) except for its higher 
20mA output current at ±lOV. For ±20 volt output voltage re
quirements, select model 163 to replace model 118, and model 
165 for model 119 replacement. (See page 54, "High Output
Voltage, Current.") 

AD201/AD201A: ADJUSTABLE BANDWIDTH 
The low cost AD201 series combines the dynamic response 
flexibility, afforded by external frequency compensation, 
with good DC performance . Because frequency compensation 
is performed externally , the AD201 provides a greater degree 
of design control, and permits the dynamic operating 
characteristics to be fitted to the specific system application. 
Other models to consider in this series are ADlOlA 
(military grade) and AD301A (industrial grade). The device 
offers full short circuit protection, external offset voltage 
nulling, and the absence of latch-up. (See also Linear 
IC Section .) 

AD301AL: LOW COST, HIGH ACCURACY, SPEED 
The low cost AD301AL combines the dynamic response flexi
bility afforded by external frequency compensation with ex
cellent DC performance. The amplifier increases overall accu-
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Model 

O pen Loop Ga in 
DC Rated Load, VIV m in 

Rated Output. m in 

Frequency R es po nse 
Un ity Ga in , Small Signa l 
Fu ll Power Response , mi n 
Slewing Ra te, min 
Overload Recovery 

Inpu t Offset Voltage 
In iti al, 25° C, (adj. to zero) ma x 
Avg. vs. Tem p, max 

vs. Supply Voltage 
vs. T ime 

Inp ut Bias Cu rre nt 
Ini t ial, 25 °C, max 

Avg. vs. Tem p, max 

Inpu t Difference Current 
Initial, 25°C , max 
Avg. vs. Temp, max 

Inpu t Impedance 
Differe ntial 
Common M ode 

In put Noise 
Voltage, 0.0 1 to l Hz, p-p 

I OHz to I Ok Hz, rms 
Cu rrent , 0.0 1 to I Hz, p-p 

Input Voltage Range 
Common Mode Voltage , mi n 
Common Mode Rejectio n 
Max Safe D ifferential Vol tage 

Power Supply Ra nge (VDC) 
Rated Specificati on ( VDC) 

T em perature R ange 
Operating, Rated Specificatio n 

Package Ou tli ne 
Case Dimensions 

Price 
1-9 
10-24 

(1)20kH z and 1.2V l µ s fo r no n-i nvert ing o peratio n. 
(2)Compensated gai n of 20dB . 

Discrete 

Good Performance, 
Economy 

118 

A K 

2 50,000 

± IOV@5mA 

l .5M Hz 
JOOk Hz 
6Vl µ s' 

0. 5ms 

±5mV 
±20 I ±5 µ V/°C 

± JOµ V/% 
±200 µ V/ mo. 

±35nA 
±0.6 I ±0. 5nA/° C 

± 3nA 
±0 . 1 l!:0.05nA/°C 

106 .Q 
109 n 

lµ V 
2µ V 
20j>_A 

± JOY 
86dB 
± 15V 

±(12 to 18)V 
± 15V@4mA 

· 25 to +8 5°C Oto +70° C 

M- 1 
I" x 1" x 0.5" 

$ 11.00 I $2 1.00 
$ 10.50 $ 19.00 



racy over the standard AD201A by 30%, and by a factor of 4 
over the AD301A by reducing errors due to Vos, £-. Vos/t-.T, 
lb , CMRR, etc. (See also Linear IC Section.) 

AD208/208A: LOW BIAS CURRENT 
AD741 J/K/L/S: LOWEST COST, HIGH ACCURACY 
These low cost devices are general purpose op amps with inter-
nal frequency compensation and significantly tighter specifica
tions which allow substantial upgrading in performance of de-
signs desiring 741 simplicity and operating familiarity. Results 
of error budget analyses of typical applications show factors of 
improvement in accuracy ranging from 2.5 to 8 over the 
industry-standard AD741 and AD741C. (See also Linear JC Section.) 

Using a superbeta input device, AD208A offers low bias 
current, to 2nA, for use with higher circuit impedances or 
for lower current drift. The "A" selection has lower offset 
voltage and drift with specified minimum gain and CMRR 
ratings. Included in this series are models AD108/AD108A 
(military grade) and AD301/AD301A (industrial grade) with 
varying specifications for temperature operating range and 
input characteristics . (See also Linear IC Section.) 

Microcircuit 

Low Cost, Low Cost Super Beta High Accuracy, 
20mA Output Economy, Speed High Accuracy Low 2nA Bias Economy, Speed 

119 AOZOIA AD741 AD208 AD301AL 

A K J K L s A0208 AD208A 

500,000 50,000 50.000 50,000 I 80,000 80.000 
± JOV@5mA ± IOV@5 mA ±JOV@IOmA I ± JOV@5mA I ± IOV@5mA I ± JOV@IOmA ± 13V@l.3mA ±!OV@5mA 

1.5MHz IMl-l z !MHz !Miiz 1-IOMHz 
JOOkH z \Ok I lz ryp !OkHz typ IOkH z typ 2 6-l 50kHz 
6V/ µ s1 

0.5Vlµ s typ 0.5 V/µs typ 0 .3V/µ s ryp 0.25-9V /µsec 
0 .5ms --- - --- -

±5mV ±2mV ±3 mV I ±2mV I ±0.5mV I ±2mV ±2mV 3 I ±o.5mV ±0 .5mV. 
±20 I ±5 µ V/° C ± I 5µV /° C ±20µV t°C ±15µV t°C ±5µV t°C ±J 5µV f° C ± 15 ±5µV /° C ±5µV /C 

± IOµV /% 15µV /% max !OOµV /V max 15µV /V max 15µV /% max 90dB min 
±200µV / mo. --- - --- -

±35nA ±7 5nA ±200nA I ±75nA I ±50nA I ±75nA ±2nA ±30nA 
±0.6 I ±0.5nA l° C --- - --- -

±3nA ± IOnA ' ±50nA I ± JOnA I ±5nA I ± JOnA ±0.2nA ±5nA 
±0 . 1 f±0.05nA /° C ±0 .2 nA l° C ±O. lnAl° C ±0.2 nA l° Cmax ±0 . lnAl° Cmax ±0.25 nA /° Cmax ±2 .5pA f° C ±0.lnAl°C 

106 n 4 x 106 n 2 x 106 n 70 x 106 n 4 x 106 n 
109 n --- - --- -

lµV 2µ V 2µV ---- 2µV 
2µV 4µV 3µV --- 4µV 
20pA --- - --- -

± IOV ± 12V ±12v ± 14V ± J2V 
86dB 96dB IOOdB IOOdB JOO dB 
± 15V ±30V ±30V Nore4 

±30V 
±( 12 to 18)V ±(3 to 22)V ±(5 to 18)V I ±(5 to 22)V ±(2 to 20)V ±(3 to 18)V 

± I 5V@2mA ± 15V@3 mA ±J5V@2 .8mA ± 15V@0.6mA ±15V@3mA 

-25 to +85°C 0 to +70°C -25 to +85°C 0 to +70°C -25 to +8 5° C Oto +70°C 

F - 1 T0 - 99 T0-99, Mini-DIP I T0-99 T0- 99 T T0-99 , ~ini-DIP 
1.5" x 1.5" x 0.4" ---- - ----

$24.00 I $34.00 $4. 10 $1.85 I $3.40 I $~ .00 I $4.95 $ 10 .50 I $21.00 $6.00 
$20. 00 $29.00 $4. 10 $1 .85 $3 .40 $9 .00 $4.95 $ 10 .50 $21.00 $6 .00 

(3)No provision for external Vos null . 
(4)S hunt-diode input protection. Curren t must be lim ited to ± JOmA. 
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GENERAL PURPOSE FET-LOW BIAS,HIGH ZIN 
MODELS 40, 43, 41, 146, AD503, AD506, AD540, ADSll, AD513 

GENERAL DESCRIPTION 
General purpose FET amplifiers should be considered for 
moderate performance designs requiring high input imped
ance, low bias currents and bandwidths to lMHz. These 
models should meet most design requirements, especially 
those which cannot be satisfied by bipolar input designs 
because of excessive bias currents or too low input imped
ance. The lower bias currents (1 to lOOpA) and higher 
input impedances (10 1 1 ohms) of FETS make them a 
natural choice when amplifier gain networks exceed lOOk 
ohms and it is necessary to minimize input loading and 
current offset errors for improved accuracy. Significant 
applications include integrators, sample and hold amp
lifiers, current to voltage converters and low bias current 
log circuits . 

MODEL40J/K: ECONOMY, LOW BIAS 
The popular model 40J is a best choice for OEM designs a11d 
for the general class of applications requiring low bias current 
(SOpA), moderate offset drift (SOµV!°C), and high input 
impedance (10 11 Q). Designed with minimum performance 
tradeoffs, it has high gain, for improved closed loop accuracy, 
and 4MHz bandwidth with stable 6dB roll-off. Select model 
40K for a lower 20µV !° C offset drift and a bias current of 
20pA. 

MODEL 43J: GUARANTEED 80dB CMR 
Closely resembling model 40J in performance, model 43J has 
improved bias currents of lOpA and offset drift of 30µV!°C. 
It is especially noted for its guaranteed CMR of 80dB at 
±11 volts for accurate noninverting buffer or differential 
applications. Its lOpA bias and high input impedance are 
desirable for accurately amplifying small current or voltage 
signals approaching those levels requiring electrometer 
designs. 

MODEL 43K: SµVJ°C, LOWEST NOISE 
The best FET's available have been designed into model 43K 
to produce the lowest noise FET amplifier in the line . This 
new, low noise, low drift design features a guaranteed noise 
specification of 2µV rms (max) in a lOkHz bandwidth, and 
only 5µV /° C (max) of voltage drift from 0 to +70° C. Bias cur
rent of lOpA and input impedance of 10 11 n are also com
patible with the excellent drift and noise performance of 
this amplifier . 

MODEL 41 J/K/L: HIGH CMR, O.SpA DIFFERENTIAL FET 
Model 41 has guaranteed bias currents from 0.5 pA to 
O.lSpA max, typical CMR of 94dB, and a lMHz bandwidth. 
It was specifically designed for low level current measure
ments demanding minimal errors when used with high 
impedance sources such as pH transducers, photomultipliers 
and long term integrators . Its speed, high CMR and low 
input capacitance also make it useful for medium speed 
automated test systems. 
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MODEL 42 J/K/L: LOWEST BIAS CURRENT, llOdB GAIN 
Undoubtedly one of the best values for OEM designs, the 
model 42 is an ultra low bias current FET useful for measur
ing low level currents or voltages from high source impedance 
such as photo/ion detectors and pH transducers. Typical 
specifications include llOdB open loop gain, 1 MHz band
width and CMR of 66dB at ±1 V for differential designs. 
Models are available with bias current as low as 75fA and drift 
to l SµV !

0 
C. Refer to Electro meter Amplifier product group 

for further information . 

MODEL 146 J/K: LOWEST VOLTAGE DRIFT 
Model 146 features low voltage and current drift for use 
with high impedance sources. High CMR performance make 
this differential FET amplifier especially useful for bridge 
circuits and buffer designs where good CMR performance 
is required for accuracy. For source impedances below 
1 ookn, the 184 series low drift amplifiers are a good 
alternative to model 146 . The models 146] and 146K have 
7µV I° C and 2µV I° C voltage drift respectively , with 80dB 
CMR and 20mA output . Other specifications include 
1011 Q input impedance, SM Hz bandwidth, lOV /µsec 
slew rates, bias currents to 20pA and lOOdB gain for use 
with high speed integrators, current to voltage converters, 
accurate buffer designs and, in general, where 
speed and FET characteristics must be combined with 
good drift performance . 

AD503 J /K/S GENERAL PURPOSE, LOW PRICED IC 
These internally compensated FET op amps, with stable 6dB 
roll-off provide a good combination of economy and perfor
mance for most FET applications . In addition to their high 
CMRR, slew rate and low bias current, the nulling technique 
for trimming offset voltage results in only minor changes in 
drift performance - unl ike other comparable IC FET designs. 



AD506 J/K/L/S HIGH ACCURACY IC 
These devices are high accuracy FET-input op amps which 
combine the low current characteristics typical of FET am
plifiers with the low initial offset voltage and offset voltage 
stability of bipolar amplifiers . Active laser trimming and close 
matching of circuit elements provide maximum warmed-up off
set voltage below l.OmV, maximum offset voltage drift of 
lOµVJ°C, and warmed-up bias current below SpA max. Other 
excellent characteristics include open loop gain above 7 5 ,000 
and minimum CMRR of 80dB. 

AD540J LOWEST COST IC 
The AD540J is the lowest priced IC FET-input op amp which 
provides the user with low bias currents, high overall perfor
mance, and accurately specified, predictable operation. Despite 
its low cost, the AD540J provides such benefits as bias current 
and offset voltage specified under fully warmed-up conditions, 
gain guaranteed with the offset voltage both nulled and un
nulled, and minimal variation in offset voltage drift with nulling. 

AD511 A/B: HYBRID, LOWEST BIAS AND OFFSET 
These devices are low cost replacements for AD501 and 
ADP501 type hybrid amplifiers and are manufactured by 
combining FET input chips with a monolithic bipolar op amp 
on a laser trimmed substrate . Offsets are held below lmV 
while drift and bias currents are less than 25µV /' C and 5pA 
respectively . See linear JC section for more information. 

AD513 J/K, AD516 J/K HIGH SPEED 
Useful for high speed comparators, integrators, sample/hold or 
peak detectors, the ADS 13 offers external frequency compen
sation for adjusting gain bandwidth and slew rate performance. 
Using either simple lag or feedforward compensation, GBW 
products and slew ratt:s of 30MHz and 50V/µsec may be 
achieved with ease. AD513J has offsets of 20mV, bias currents 
of 20pA and drifts to 25µV!°C . For comparable performance 
with lower offsets to 3mV, select the AD516 series with laser 
trimmed offsets . See Linear IC section also. 

AMPLIFIERS 41 



•• • " ::t .,, 
0 .. a. 

• G» 
I: 

M od el 

Upt.: n l.m1 p GJIO 

D C. Ratc:J l.o;.1J . \ '/ \' 1rnn 

ll:itc:d Output. m in 

Frc:qut·m·y Hc:,po nsc 
L' n tt~ (.; ,11n . Sma ll S1~ n.1 I 

l· ull l'o \\'l°r Rnptlll'l'. 
Sln' m~ K ate mm 
0\·1.: rluad ifr n1\'t' r~ 

lnpu 1 O fhl't \ 'uh .1~ t.· 

lni ll .t l. 25 ° C, (aJ j . to /t'rtl ) Il l.I X 

:\vg . ' i l.'lllp . Ill .IX 

''· Supply \ ' 11 lt.1~ c 
,,_· 11ml· 

I nput B1.1' Currt:'nt 

ln n1.il . 25 °C . m .1.x 
I D11uhk' t: n_- r~ -+ J 11° C ) 

Inpu t D1fft·r t·nu: Cu rrt:nl 
lniual. 2 5° C: 

( Do uhlo e\·n y + I 11° C:) 

Lowcsr Cost 
Discre te- $ 12 

40 

5 11 .tltlO 

± 111V(a) Sm 1\ 

-J ,\\11 1 

It JO k l 11 
6Vt µ .-. 

4µ -. 

±2:m V1 

K 

±So I ± 20 µ V J° C 

±SOµ V/"o 
.±: 25U µ V/ m o . 

o. -50pA I o. -lop ,\ 

± 25pt\ ± I Up:\ 

Discrete 

Economy 
Guaranteed CMR 

Low Bias 

IOU k l lz 
6\' /µ ; 

.\µ s 

±30 
±50 

±250 

11 , -I Opt\ 
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50,000 

±JOV@5mA 

4M Hz 

±JpA 

K 

200k ll z 
12V/µs 
0 .5µ5 

! SµV f° C 
± I Oµ V /% 

±50µV lmo. 

0, -20pA 

High Per fo rmance 
Lowest Bias 

High CMR 

4 1 

K 

\tl0 ,0 00 

.±: IOV (a> SmA 

\.\ 111 1 

50 k ll t. 
) V / µ s 

2 µ .;, 

±2 mV ~ 

L 

i 25 ± Ill I ± 25µV /° C 
± !OµV /"u 

±2 SOµ V/ n10. 

0 . -0.5pA I -0.25p.·\ -O. I 5pA 

±0.2pA :!O. lpA i O. lpA 

±7 

Lowest Drift 
20mA O utpu t 

146 

K 

100,UOO 

± IUV@20mi\ 

5Mll z 
I 50kll 1. 
IOVJµ , 

1.Srm • 

±0 . 7mVJ 

I ±2µ V/°C 
± I 5µ V/ 0 u 

± JOOµ V / mo. 

0, - )(}pi\ -ZUpA 

± IOpA 

Input l mpl'lbnn,_· 
Ootfr re n u JI IU 11 Q 11 J.Spl-' 10 11 !1// J .5pF 1013 Q // J.5pF 1011 Q // J.5p F 

~~-c_· .,_m_"~'~"-"-~_,._,J_"~~~~~~~+-~~-1_1_1'_'_n~11_J_. 5~p_F~~-+-~~~-~~' o~"-n_1_1_3_. 5_p_F~~~~~-+-~~~~1 _o_' '~n_1_1 J_._s~p_F~~~~-+~~ -'-u_' _' _n_1_1_J ._5_p_r~~~~~~ 
lnp u 1 :--.:ui't' 

\ ' olta~e . ti .ti I 111 11 l t. , p-p 
S il t. to 50k11 1, rn1' 

Currt•nt , 0 .111 to 111 1. , p -p 

Input \
0

t11t .1gt· Kangt:' 
Common ,\ 1ode Volt a~t·, mi11 
( :11mnwn ,\1udt· R t·Jt'l't 1pn 

.\\a x Saft.· Di ffen: n 1ia l Vol1agt· 

Po w 1..· r '-'11ppl y H. ;.inge . ±\ ' s ( \ ' DC) 
H:t lt'd Spn:ifieation ( \'IJC ) 

T emp1._·r.llurt· Hange 

Operati ng. Ra1nl Spn: 1fic11 ions 

Pae kaf!C Ou di ne 
C:J !)t· D1mt·nsion:. 

Pr in · 
1- 9 
10- 2.\ 

( I )With t'X ternal 499 12 tnm 
(2 )W11h tnm 1c rm1nJ b opt·n 
( 3 )With t.'.xt crnal t r im rnistor supplinl 

6µV 
JµV 

O. l pA 

+8 , - JOV 

8UdB( +8 , - !UV) 
± J 5V 

±( 12 to 18)V 

± I SV@S.Smt\ 

() ltl + 70° C: 

M - 2 

I" x J" x 0 .5" 

$ 12 
$ 1 1.80 

$19 
$17 . I U 

(4- )CM R (!,) ±SV . Opt111n ·v· pro\'iJcs XOJH CM R ~1 ! !UV 
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6µV 
l µV 

O.lpA 

± JOV 

2µ V max 
3µV max 

80d B m in @± JOV I 80dB @(+8V,- JOV ) 
±J5V 

±(12 to J8)V 
± J5V@5.5 mA I '15V~8mA 

$20 
$19 

O to+70°C 

M-2 
1" x I " x o.s" 

$29 
$28 

$45 
$42 

Hµ V 
IOµV 

± I UV 
9.\dll' 
± I 5V 

±( 12 10 18)V 
± I 5V@8mA 

U to + 70° C 

F-2 
I.5'' x 1. 5" x U.4 " 

$55 
$5 1 

$64 
$60 

6 µ V 
I 6 µ V 
U. l pA 

± IOV 

80dB( +5, - IUV) 
± I 5V 

±(12 10 IH)V 
± I 5V@5mA 

o to +70°C 

F- 1 
1.5'' x 1.5'' x 0 .4" 

S55 
$5 3 

$68 
$63 



General Purpose 
Low Cost High Accuracy 

AD503 AD506 

J K s J K L 

20 ,000 I 50,000 I 50,000 20 ,000 I 50 ,000 I 75,000 

± iOV@SmA ±!OV@SmA 

!MHz !MHz 
JOOkH z typ JOOkHz typ 

6V/µstyp 6V/µs ec typ 

±SOmV 

I 
±20mV 

I 
±20mV ±J.SmV 

I 
±J.5mV 

I 
±J.OmV 

±75 ±25 ±50µV /° C ±75 ±25 ±JO 
±12 , 6 ±6µV /% ±12 ±6 ±6 

- -

- 15pA I -IOpA I -IOpA -15pA I -IOpA I -Sp A 

±JOpA I ±SpA I ±5 pA ± JOpA I ±5pA I ±2.5pA 

101 I !1 10' I !1 
10" !1 10" !1 

15µV 15µV (p-p) 
5µV 70nVi ,/HZ (f = I OOHz) 
- 25nVi ,/HZ (f =!kHz) 

±JOV ±JOV 
90dB I 90dB I 90dB 90dB 

±4 V(for lb level) ±4V (for lb level) 

± (5 to 18)V I ±(5 to 18)V I ±(5 to 22)V ~ ( 5 to !8)V I ±(5 to 18> I ±(5 to !8)V 
±JSV@3mA ±i 5V@5mA 

0 to +70°C I 0 to +70° C ~55 ° C to +125 ° C 0 to +70° C I 0 to +70°C I Oto+70° C 

T0- 99 T0-99 
- -

$14 .80 I $21.00 I $27.00 $13 .00 I $15 .50 I $24 .00 
$14 .80 $2 1.00 $27 .00 $1 3.00 SIS .50 $24.00 

Microcircuit 

Low Cost 
Minipackage 

Lowest Cost Replacement 

AD540J AD511 

s A B 

I 50,000 20,000 25.000 

± IOV(!! SmA :! I OVC!'SmA 

!MHz IM Ht 
IOOkHz t yp 70kll z 

6V/µsec typ 5V/ µ , 
6 µ s 

I 
±J.SmV ±SOmV ±2rnV I ± JmV 

±SOµV f° C ±75µV f° C ±75 ±25 µ V/° C 
±6µV /% ±J2µV /% ± J5 µ V /°lu 

-

I -lOpA -50pA -25pA I - !OpA 

I ±5pA ±25pA --

10' 0!1 10 1 1 .n 
10 10 !1 1012 .n 

J5µV 3Uµ V 
5µV ISµ V 
- ---

±lO V ± IOV 

80dB 86dB 
±20 V ---

I ±(5 to 22)V ±( 5 to 18)V ±(5 [U 18)V 
±J5V@3mA ± J5V@4mA 

~55° C t o +125 °C 0 to +70° C -25 co +85 °C 

T0-99 P- 1 
- 0 .6" x 0.6 " x 0 .25 " 

I $26 .50 $6.45 $20 I $24 
$26.50 $6.45 $18 $21 

High GBW, 
SIC"W Rate 

(Low Offsc:t) 

AD513 (AD516) 

J K 

20 ,000 I 50.000 

± 10V(aJ 5mt\ 

lMll1 

Up to 800kl-lz ty p ( Feedforwar d ) 
) Up to SOV/µs typ (F<edforward 

±SOrnV I ±ZilmV 
±75 ±25 µV /

0
C: 

±50 ± JSµV /% 
--

-3UpA I -20p,\ 

±20pA I ± 1'1p.·\ 

10 1 'n 
1012 .n 

3UµV 
15 µ V 

--

± IOV 

70dB I 8UdB 
±Vs 

±( 5 [U 18)V 
± J 5Vi!1 4mA 

o to +70°C 

T0- 99 
-- -

~ ll.OO(Sll .00) ISI3 .50(Sl5.50 
~ 11 .00($13 .00) $13 .50($ 15 .50 
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WIDE BANDWIDTH-FAST SETTLING 
MODELS 45, 46, 47, 48, 50, 44, 120,AD505, AD507, AD509, AD518 

GENERAL DESCRIPTION 
Amplifiers in this group feature both FET and bipolar 
designs with differential and single ended input stages to 
provide a wide choice of drift and bias current specifications. 
They emphasize exceptionally fast response and wide band
widths for applications in data acquisition and pulse data 
transmission systems. Critical specifications are step response 
settling time, full power response and stable 6dB roll-off. 
Low output impedance and output current capability also 
become important for line driving applications and immunity 
from capacitive loads or oscillations. Typical performance 
numbers are unity-gain bandwidths to 40MHz , 0 .1 % 
settling times to 1 OOns, 1 OOOV /µs slew rates , and 1 OM Hz 
full power response . 

These amplifiers are useful for sample and hold circuits , 
AID converters, or as high speed buffers and integrators. 
Offering high output current capability, they should be 
considered for video or line driver circuits, D to A output 
amplifiers or as deflection control amplifiers. 

MODEL 46 J/K: lOOOV/µs DIFFERENTIAL, 
lOOns SETTLING FET 
The model 46, an extremely fast amplifier, should be 
considered if settling time , slew rate or bandwidth are 
critical requirements for digital and linear signals in the 
lOOns and lOMHz region . It is an exceptionally stable FET 
amplifier offering guaranteed lOOOV /µs slew rate, lOOns 
settling time to 0 .1 % and 40MHz bandwidth with -6dB 
per octave roll off. 

MODEL 45 J/K: ECONOMY, lµsec SETTLING FET 
Designed for use with A to D, D to A and multiplexer 
circuits, the model 45 FET amplifier is the best choice for 
most inverting and noninverting applications . It offers a good 
balance between cost and performance with 75 V /µsec slew 
rate , lOMHz unity gain bandwidth and 20mA output for 
driving up to 700pF of capacitance. Models 45] (50µV !° C, 
25pA bias) and 45K (l5µV !° C, lOpA bias) settle to 0 .01 % 
in 1 µsec (max) inverting ; CMR capability is 74dB at +5V, 
- IOV CMV making it useful as a follower at minimum gains 
of 2V IV, noninverting. 

MODEL 50: FASTEST SETTLING, lOOmA OUTPUT, 
lOOMHz GAIN BANDWIDTH PRODUCT 
The new model 50 combines a high gain bandwidth product of 
lOOMHz with an output current of lOOmA, and settles to 0 .1 % 
in less than lOOns. Unlike most high speed amplifiers, the 
model 50 does not require high input drive voltage in order to 
achieve fast settling. See Figures 1 and 2 that compare model 
50 to model 46 which has been accepted as being an industry 
standard for fast amplifiers. 

A typical application of model 50 is that of current to voltage 
conversion, where the output of a D/ A converter is applied 
directl y to the amplifier 's summing junction. In this configura-
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tion , the high speed amplifier is usually operated in a noise 
gain of about 5 (Noise Gain= 1 +Rf/Rout of DIA). This 
condition represents a significant variance from the point of 
unity gain where all high speed amplifiers are specified . Most 
high speed amplifiers will suffer severe degradation in settling 

L<)wes t Cost I OOOV /µ s, Di ffere ntia l 
I µ s to 0 .01 % 

45 46 

Model J K J K 

Opt'n l .oop Gain 
DC RareU I oad, \' / \'min Sll.llllll 25.< Hi ~ I 

Rat ed Ou_!£_Ut, min r. lllV~2llm ,\ ± lllV(al liH lmA 

1 · rl' 4uem· ~ · K.esp o n"e 
L"nm Gain. Small Signal lllM ll z 40M Hz 
l· ull Power Rc:~ ponse. min IM ll L I OM Hz 
Slewing Rale . min 75V /µ., IOOO V/ µ.s 
()\·crloaJ R.C:CO\' er~ · ll. 5 µ., 0 .2 µ.s 
Settling Time to 0 .0 l ''u l.ll µ.,. m.1x 250 ns, m ax, 0 .0 5 % 
Sctrli~ Time to 0 . 1°u soon ... IOOns max 

Input Oft\cr Voltage 
±2mV

4 
Initial. 25 ° C, (AUJ. to Lero) ± 3m V 
,\1·g . \ ' ~. Temp . max ±5ll I ± 1s µ v 1"c ±75 I ±2S µ V 1 uc 

'"· Suppl1· \'oltagc ±5oµ v 1°0 ±.W µ V /'',, 
\ 'S. Time ±2St1 µ V/ mo. ±SooµV / 11111. 

Input Bia' Current 

I lniu al, 25 ° C, max 11. -5 llpA ll . -25p .\ ll . · lllllr \ 
A,·~ - \" \. Temp. max 2x/l ll ° C 7.x / I ti <. 

Input lmpeJa nn: 
1!1 1 

I i1f / 3.5p l· D1 ffc: rt.'.'ntiJ.I 111 1 
I 0/t J . Sp~ 

Common ~\l ode 10
1 1 

n 11 J . 5_E.!- 10
1 1 i1f t J . ~pF 

Input Noise 
Volt age. 11 .01 to 111 1. p-p 5µV lOµ V 

50 1 lz tu ;ok ll z . rm s ; µv Nocc6 

Current. 0 .0 I to I I IL. p·p o . I pA " · Ip,\ 

Input Voltage Range 
Commun Mode Voltage. min - ± Ill \/ 
Commo n Mode RCJ<:niun ~ ± )(J\ " 74dB (+5, - J OV) 7 

72JK m1n 
Max. Safe Differential Volt~ ± I ;v t .UY 

Power Supply R ange (\/ DC ) ±( 12 to 18 )V ±( I~ to I H)V 

Rated Specification ( VDC:) ± I 5V@7m,\ ± 15\/(al55mA 

Tc.:mpe rature Range 
Qperati~ RateJ ~t:c ific a r ion~ 0 to +7 0 ° C () "' +70°C 

Package Outlin e QC I N - 1 
Case Dimensions l.125"xl.125" x ll .4'" 1.22" x 1.88"' x 0 .6" 

Price 

I 1-9 $3 7 I $48 $75 $92 
10-24 $36 $46 $62 $75 

(I )External rrim adj ustm ent 
(2)Mo d el 48 no n-i nvert ing s lew ra t e-90V /µ s 
(3)Model 44 no n-inverting s lew ra t e-50\/ /µ s 

(4)With fixe d 499S1 exte rnal trim 
(5)200 kS1 a t DC; I Ok //3 p F ab ove I OHz 



time and slew rate when operated in gains other than unity. 
Model 50 with its lOOMHz gain bandwidth easily achieves fast 
settling, since it is still far from the point of being band
width limited. 

(i.e.) At a gain of 4 , model 50 has a bandwidth of 20MHz which 
represents a time constant of 8ns. (T = 1/2nF = 0.16/20xl0+6 ) . 

For 0 .1 % settling the bandwidth limitation is 6.9 time constants 
or only 5 5 .2 ns. 

In addition to the lOOMHz gain bandwidth product, the high 
transconductance of the input stage also provides the ability to 
achieve fast slew rates for small signals. See Figure 2 . 

300~--~--------~ 

NOISE GAIN = 1 + ~ 
RIN 

O '-----'-----"-----'---~ 
2 

NOISE GAIN 

Figure 1. Settling Time vs. Gain (VIV) 

Discrete 

300ns to 0.01 % Accurate Buffer Wideband IOOM Hz 
Smooch Seeding lµs co 0 .01 % 250V/µs 

48 44 120 

J K J K A B 

100.000 100,000 500,000 

± lOV@20mA ± IOV@20mA ± l OV@25mA 

I 5MH z lOMll z 10 (0 100MH z 1 

I .5M ll i inv I MHz noninv 1Mll7 -lMH z 
125V/ µs 2 75V/ µ,; 3 

250V/ µ s 
0.5µs 0 .5µ s IO µ s 
300ns l.Oµ s. max l.O µ s 
250ns 500 n s --

±2mV
4 ±2m V

4 
Adj ust to o 

±50 I ± J 5µV / °C ±50 I ± 15µV /° C ± 15 I ±8µV / °C 
·- ·-- 20µ V/% 

±2SOµ V/ mo. ±2 50µ V/ mo. 50 µ V/ mo. 

O. ·50pA I 0 , -25pA . 0 , · 50pA I 0, -25pA 0 , +55 nA 
2x / 10 °C 2x/1 0 °C 0 .9 0 . 7nA/°C 

101 1 f2i/ 3.S pF 10
11 

S1i /3. 5pF Notc5 

101 
I f2113. 5J>F 10

1 1 
f2// 3.5pF 

2µ V 2µ V 0 .5µ V 

3µV 3 µ V 3µ V 

ll . lpA 0. l pA IOOpA 

± 1 lV ± I IV NA 

80dB min 80dB. mi n NA 

± 15V ± 15V ±15V 

±( 12 (0 18)V ±( 12 (0 18) V ±(1 3 to 18)V 
± J5V@9mA ± ISV@9mA ± 15V@20mA 

Oto+70 °C 0 to +70 °C ·25 to +8 5 °C 

QC- I QC- I F- 3 
l.J 25" x 1.125" x 0.4" 1.1 25" x 1.1 25" x 0.4" 1.5 " x 1.5 .. x U.4" 

$41 I $S2 $42 I $52 $65 I $ 75 
$39 $48 $39 $48 $62 $7 1 

(6)Model 46 - 25µV rms, 5Hz to 2MH z ; Mod el 50 - 6µV rms, 5Hz to 2MH z. 

(7)CMR speci fi ed at +5V , -I OV. Option " V" provi des CMR of 74dB min at ± !OV. 

max 

• 10001---1---1---1---1--~~-
~ 900..._--+--~+---<----L,__~L'.'.J_...~ 
> soo 1----+- J o o E ~ 4 6 .Ll..-E~-+--
~ 700 r7 
;'?_ 600 f M b OEL 50-

~ !~~ 1-t----+-~.,..~---k".:--+---t--t--
~ 300 ..._-.L~r? ....... ._.---+---+--+-- -

200 t--_,..,.1£_,......._ t---t---r--r--

100~ 
0 4 

ERR O R S IG VO LTS 

Figure 2. Slew Rate vs. Error Signal 

MODEL 48 J/K : 300ns SETTLING, 80d8 CMR 
Model 48 is an ultra fast differential amplifier, optimized 
for DI A and AID converter applications demanding 
excellent slew rate , settling time and DC characteristics. 
When used with these high speed circuits , its smooth settling 
response and wideband CMR capability are particularly use
ful for resolving small bit increments and for rejecting 
logic ground noise . 
Typical specifications for this FET design include 300ns 
settling to 0 .01 % (inverting or noninverting), CMR of 80dB at 
±lOV, open loop gain of lOOdB and 125V /µsec slew rate 

Fastest Settling 
I OOns to 0 .05 % Fast Sectling 

at Gain of 5 Hermetically Sealed 

50 47 

J K A B 

25 ,000 100 ,000 
±IOV @ IOOmA ±IOV @ 20mA 

80MH z IOMHz 
8MHz 800kHz 

500V/µ.s 50V /µ.s 
0 .2µ.s 0 .5µ.s 

200ns max, 0 .05 % I .Oµs, max 
lOOns max !.l:!.S 

±3 mV ±2mV4 

±SO I ±15µv !°c ±SO I ±IS µ. V!°C 
!SµV/% -

:ti_OQM.V....lm.2.. +u_QM_V/mo . 

0 , -2nA 0, -50pA I 0 , -25pA 
2x/10° C 2x/ !0°C 

10 11 S1 / / 3.5pF 10 11 S1// 3.5pF 
10 11 S1 / / 3.5..£f _10 11 nt/ 3 .~F 

5µ. V 2µ. V 
Nore6 3µ.V 
l .OpA O.lpA 

± IOV ±l!V 
60dB m in 66dB, min 

±!5V ±!5V 
±(12 to 18 )V ±(12 to 18 )V 

± ISV @ 40mA ±15V @ 9mA 

Oto +70°C -2S° C to +85 °C 

N- 1 QC- ! 
1 .22" x 1.88" x 0 .6" 1.125" x 1.125" x0.4" 

$7 5 I $92 $69 I $79 
$62 $75 $62 $72 
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(inverting) . Extremely stable at l 5MHz bandwidths , model 
48 has good immunity to oscillations under heavy load 
capacitance, to 750pF . This device is available in two drift 
selections, 50µV !° C (48 J) and 15µV l° C (48K), and uses 
monolithic input stages to minimize thermal feedback 
affects for improved small signal resolution . 

MODEL 44 J/K : 0.01 % BUFFER, I µsec SETTLING FET 
Model 44 is a fast differential amplifier with guaranteed CMR 
of 80d B at ± I OV for high speed non-inverting buffer 
applications requiring high o pen loop gain and 0 .01 % full 
scale accuracy with lµse c settling times . Capable of driving 
1 OOOpF capacitive load, its smooth settling characteristics 
make it a good choice for 1 2-bit DI A, AID circuits, 
multiplexers, peak detectors, and sample/hold circuits 
where overall speed is affected by this cascaded circuit 
clement. Other specifications include lOOdB open loop gain, 
IOMHz bandwidth , 50V/µsec slew rate, 20mA output. Model 
44J is available with 50µV !° C drift and model 44K with 
I SµV f°C drift. 

MODEL 47 A/B : FAST SETTLING, HERMETICALLY 
SEALED 
Model 4 7 with all hermet ically sealed devices is reco mmended 
to u pgradc models 44 and 4 5 for wider tern perature range ap
plicat io ns as required in military grade circuits . Settling time is 
lµs to 0 .0 I % (inverting and non inverting) and CMR is 86d8 at 
± JOV . Other specificatio ns parallel those o f model 44 J / K. 

MODEL 120 A/B : lOOMHz BANDWIDTH, 1 µsec SETTLING 
The model 120 offers design fl exibility in an inverting ampli 
fier with bipolar input stage and externally adjustable gain 
bandwidth product from lOMHz to lOOMHz. Requiring only 
a single resistor for frequenc y response shaping, it is very use
ful for providing large gains at wide bandwidth , as used in 
video circuits , radar signal processing , fast Fourier Transfor
mer or, in general , whenever fast low level signals must be 
amplified accurately. At lower gains, it achieves 25 OV /µsec 
slew rates and lµsec settling with 0 .01 % error for use in 
comparators , DI A converters or in other high speed circuits . 

Optimized for use with circuit impedances below IOkD, 
the model 120 will deliver 25mA and is available in two 
versions : 120A (lSµV !°C) and 120B (8µV!°C). 

AD505 J/K/S: ISOV/µsec, HIGH DC ACCURACY, 
MONOLITHIC 

Model 505 , with bipolar input, features high gain, low voltage 
drift and wide bandwidth when operated in the inverting 
mode . Using external frequency compensation, these devices 
should be considered for high speed applications requiring 
fast slew rates and settling times or whenever high loop gain 
is required at wideband frequencies . Typical applications 
include active filters, sample/hold circuits, DI A and A/D 
converters . 

Specifications include high open loop gain , rypical slew rate of 
150V/µsec and bias current below 40nA. (The AD505 is availa-

Microcircuit 

Wideband 
Low Cost 

Wideband I SOV /µs Inverter 
ADS OS ADS07 

Model J K s J K s 

O pen Loo p Gain I I I I DC Ra ted L.oad, VIV m in 100,000 250,000 250.000 80,000 100,000 100,000 

Rated O utpu t, min ± JOVQ!J Smi\ ± I OV@ I OmA 

l"requen cy Response 
IOMll z 3S MH z Unity Gain , Small Signal 

Full Po wer Response, m in 2M ll z ryp 320k Hz 

Slewing Rate. min I 20V /µs "·r 20 V/µ sec 

Overload Recovery 
... -

Set tl ing Time to O.UI % 2µ s -

Settli ng Tim e to 0 . 1 % 800ns -

i nput Offset Vo ltage 
±5.0m\/ I I ±SmV 

I 
±3mV 

I 
±4m V max In itial, 25 °C, (Adj . to zero ) ±2.SmV ±2. SmV max 

Avg. vs. T emp, m ax ± I 5 ±8 ± Joµ Vt° C t\ ·p ± IS typ ± JS max ±20µV I° C max 

vs . Suppl y Vo ltage ±-:S µ V/% ±30µV /% ± I SµV /% max ± JSµV /% m ax 

vs . Time - -

Inpu t Bias Curren t 

I I I I Initial. Z5 ° C, m ax 7511A 2Snr\ 25nA 2SnA ! Sn A ISnA 
Avg . vs. Tem p , m ax - -

Input Impeda nce 
Note 1 300xl06 

Different ia l 
Co mm on Mo de -

Inpu t Noise 
Vo ltage. 0 .0 1 to I Hz. p·p 8µ V(0.0 1Hz to IOH z) -

SOii z to SOkH z, rms 2Uµ V( IUH z to IM Hz) -

Cu rrent, U.O I to I Hz. p·p 200pr\(0.0 1Hz to IOH l.) -

In put Vo ltage Range 
Commo n Mo de Voltage. min NA ±JJ V 

Comm o n Mode Rejectio n @ ± J(J\' Ni\ ! OOdB 

Max . Safe Differentia l Vo ltage ± JOV ± J 2V 

Po wer Su pp l)' Range !VDC) ±(5 to 18)V ±(S to 20)V 

Rated Specification (V DC) ± JSV@6mi\ ±J SV@4m A 

Tem perature Range 
0_.e_eraci'2li.: Rarc:d ~rification!'I Oto+70°C I 0 to+ 7U° C I -SS to+ 125° C 0 to +70° C I Oto +70° C l -ss

0
cto+12s

0
c 

Pac kage Outline TO- JOO T0-99 

Case Dimensions --· -
Pri ce 

I 1-9 $I 5 I $18 I $2 1 $9.50 SI S .00 I $22. SO 
10-24 $ 12_ ..li.8.. _ill -12.,20 $1 5 .00 $22.SO 

(I )2Mn at DC ; 20k above 20Hz. (2)V JN = ± SV . 
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ble in t wo accuracy selec t io ns: ] , K for 0 to + 70° C operat ion ; 
and, S fo r -55 °C to +125°C opera t io n. ) 

AD507 J/K/S: LOW COST, 3SV/µsec, HIGH ACCURACY 
Model AD507 is recommended for use where low cost and all
around excellent performance, especially at high frequencies, 
are needed . It is particularly well suited as a fast high imped
ance comparator, integrator, or wideband amplifier, and in 
sample-and-hold circuits . It is unconditionally stable for all 
closed loop gains above 10 without external compensation. 
The frequency compensation terminal is used for stability at 
lower closed loop gains. 

The ADS07 provides a gain bandwidth of lOOMHz, minimum 
slew rate of 2SV/µsec (K), maximum lb and los of lSnA (K) 
and, for wide-temperature range applications, drift below 
20µV!°C (S). 

ADS09 J/K/S: 2µsec MAX TO 0 .01%. 20MHz BANDWIDTH 
Model AD509 is a fast differential input amplifier whose com
bination of low cost and excellent dynamic performance makes 
it a preferred choice for 12 bit DI A and AID circuits, sample/ 
hold circuits , multiplexers, and other applications requiring 
fast settling time to low error levels . The AD509 is stable for 
all values of closed-loop gain > 3, and can be stabilized for any 
value of closed-loop gain with a single external capacitor.. 

Specifications include maximum settling time to 0 .01 % of 

Fas( Settling to 

2 .Oµsec (K), typical slew rate of l 20V /µsec, 20MHz typical 
bandwidth , and ±!OmA min imum ou tpu t cu rrent at ±IOV. 

ADS IS J/K/S: HIGH SPEED, LOW COST 
The ADS 18 is a precisio n mo nolithic operational ampl ifier de
signed for appli cations where high slew rate and wide b .. nd
width are required but low cost and ease of use are essential. 
The devices are internally compensated fo r un ity gain applica
tions with a 60° phase margin to insure stability , a minimum 
slew rate of SOV/µsec, and a bandwidth of 12MHz. The 
ADS 18 's DC performance is consistent with its precision dy
namic characteristics. The devices feature offset voltages be
low 2mV , maximum offset voltage drifts of IOµV!°C, and 
offset currents below SOnA max. 

The high slew rate , fast settling time , ease of use and low cost 
make the ADS 18 ideal for use with D/ A and AID converters. 
as well as active filters, sample and hold circuits, and as a 
general purpose amplifier. 

High Accuracy High Speed, Low Cost 

AD509 AD518 

J K s J K s 

7,500 I 10,000 I 10,000 25 ,000 I 50 ,000 I 50,000 

±IOV@ I OmA ±12V@ I OmA 

20MHz 12MHz 
120kHz I 150kHz I l 50k Hz -

8.0 V/µ s IOOV/µs IOO V/µs 50 V/µs 
--

200ns ryp I 500ns max I 500ns max 2µ s 

1.0µs typ 2.0µ s max 2.0µ s max 800ns 

! Om V max 

I 
8mV max I 8mV max IOmV I 4m V I 4mV 

20 typ 30 m ax 30 max µV!°C I OµV !°C 
200 100 l OOµV /V max 80dB 

- -

250 nA 200 nA 200 nA 500 nA I 200 nA I 200 nA 
- -

40Ml1 m in 50 Ml1 min 50Ml1 min 3Ml1 
- -

- -
- -

- -

± I OV ± I OV 
74dB min2 I 80dB min 2 I 80dB min 2 70dB I 80d B I SOdB 

±15V -
±(5 to 20 )V ±(5 to 20 V) 
±15V@4mA ± J5V 

0 to +70°C I 0 to +70°C ~ 0 0 55 c to +125 c Oto +70°C I Oto +70°C I o o -55 c to +125 c 
T0-99 T0 -99 

- -

$11.50 I $18 .75 I $26 .00 $3 .00 I $7 .20 I $12 .00 
-1.l1i o _li 8 .u_ $26 .00 $3.00 $7 .20 $12.00 
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LOW VOLT AGE DRIFT-CHOPPER STABILIZED 
MODELS 234, 233, 260, 261, 231, 210 

GENERAL DESCRIPTION 
Chopper stabilized amplifiers employ modulation techniques 
for processing the "low frequency " components of a signal 
and an AC coupled amplifier for the higher frequencies. 
This chopping technique makes it possible to process wide
band signals and yet achieve superior low drift and long 
term stability. Analog Devices, a pioneer in the development 
of encapsulated chopper stabilized amplifiers, offers designs 
with drifts between 0.1 to lµV !° C, low frequency voltage 
noise to 1 ViµV p-p and bias currents from 5 0 to 300pA. 
Long term stability averages lµV /month. These amplifiers 
are widely accepted as the best choice when it is essential 
to maintain either low voltage offsets and bias currents versus 
time or against severe environmental changes, or whenever 
external offset adjustments are not possible or desirable. 

MODEL 234 J/K/L: LOWEST NOISE, WIDEBAND 
This latest inverting amplifier design from Analog Devices 
is virtually free of chopper spikes and is singled out as the 
industry's quietest, wide band chopper stabilized amplifier in a 
low cost module. To illustrate the significant improvement in per
formance, comparative noise signals are presented in the figure 
for model 2 34 and its predecessor model 2 3 2. 

Available in three drift selections (1, 0.3 and O.lµV I° C), 
model 234 specifications include voltage noise of 1 ViµV p-p, 
current noise of 2pA p-p, and 2.5MHz bandwidth . Slew 
rate is 30V/µsec . The wide bandwidth of 234 makes it 
especially useful for 16-bit DI A converters, high speed 
integrators as well as for low frequency applications includ
ing control systems, DVM input amplifier designs and other 
precision instrumentation. Attractively priced, its consistent 
unit-to-unit performance makes it an ideal choice for new 
OEM designs. 

MODEL 233 J/K/L: LOWEST COST, O.lµVf°C 
The popular model 233 is a good choice for many low drift, 
high gain applications including precision integrators, 
instrument preamplifiers and null detectors as used to 
resolve microvolt error signals. 
The combination of IC's and improved design techniques 
in this 0.4" high module results in good performance at low 
cost for OEM designs. 
Typical specifications for this inverting amplifier include 
500kHz bandwidth , 0.25V/µsec slew rate, 50pA bias current 
and 3µV p-p noise in a lOHz bandwidth. It is available 
with three drift selections: l; 0.3; and O.lµVl°C. 

MODEL 260 J/K: 109 .Q NONINVERTING, O.lµV !°C 
Analog Devices pioneered in the development of new 
"chopper" amplifier designs to provide high input impedance 
without compromising the excellent low frequency character
istics of chopper type amplifiers. As embodied in the model 
260, this design is useful as a noninverting buffer amplifier 
for processing microvolt signals with minimal source loading 
errors. Typical specifications for the model 260 are 109 n input 
impedance, drift to O.lµV!°Cand CMRof llOdB at ±IV. 

MODEL 261: GUARANTEED NOISE OF LESS THAN lµV 
The model 261 is a second generation design which typically 
provides a significant improvement in the noise and bandwidth 
characteristics of model 260 and other competitive models. 
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Lowest Cost 
General Purpose 

233 

Model J K L 

Open Loop Gain 
10? DC Rared Load, V /V min 

Rated Output , min ±!OV@5mA 

Frequency Response 
Unity Gain , Small Signal 500kHz 
Full Power Response , min 4kHz 
Slewing Rate , min 0.25V l µ s 
Overload Recovery --

fnpur OttsefVOTtage 
Initial , 25 °C (Adj. to zero) max ±50µV I ±ZOµV I ±ZOµV 
Avg. vs. Temp (0°C to 70°C) max ±1.0 ±0.3 ±0. lµVl°C 

vs. Supply Voltage ±0.2 µV /% 
vs. Time ±2µVl mo. 

rnpuCBfas--C-urrent 
Initial, 25 °C, max ±50pA 
Avg. vs. Temp (0°C ro 70°C) max ±2 I ±! j±0.5pAl°C 

rnptiTTmpeoance 
Differential 600k .Q 
Common Mode NA 

Input Noise 
Voltage , 0.01 ro !Hz, p·p lµV 

0.1 ro !OHz, p·p 3µV 
!OHz to !OkHz, rms 3µV 

Current, 0.01 to 1 Hz, p-p 3pA 
0. 1 to l OHz, p-p 6pA 

Input Voltage Range 
Common Mode Voltage, min NA 
Common Mode Rejection NA 
Max Safe Differential Voltage ±!5V 

P-ower--S-uppTi Kange (Y UL ) ±02 to mv 
Rared Specification (VDC) ±!5V@5mA 

I emperature Range 
Operating, Rated Specifications O to +70°C 

l'aCI<age\Jutrine T'T 
Case Dimensions I. 5" x 1.5" x 0.4" 

P-nce 
1-9 $45 I $54 I $75 
10-24 $40 $49 $68 

(l)MOcleT260 mverr1ng mpur bias current ±3 nA, max. 



Operating at a higher carrier frequency , this noninverting de
sign features extremely low noise, 0.4µVp-p in a lHz band
width; low drift, O.lµV /° C; and an output that is virtually 
free of chopper spikes . 

MODELS 210/211: lOOVµsec WIDEBAND, lµVfC 
Models 210/211 with 20mA output , are inverting chopper 
stabilized amplifiers for that class of application requiring 
low drift performance with good high frequency 

Model 261 also offers a solution to beat frequency problems 
caused by a low frequency carrier mixing with harmonics of 
the AC line . The carrier frequency on this design is nearly a 
decade higher than that of models previously available, thereby 
eliminating the possibility of any interaction with the line 
frequency or its harmonics. 

performance. This design will provide slew rates of 1 OOV /µsec 
and 90dB of loop gain at lOkHz for improved wideband 
accuracy . Incorporating internal limiting circuitry, these 
amplifiers have exceptionally fast overload recovery, 
(0.2µsec) and stable input characteristics for high speed 
integrator and comparator designs . They are available in 
two drift selections (model 210, lµV I° C, model 211, 
2µV!°C) . The new model should be considered for all new instruments 

and circuit applications, or wherever improved performance, 
at no increase in cost, is desirable for existing sockets. Models 
260 and 261 are mechanically and electrically interchangeable 
for these applications. 

Model 261 will be available in production quantities by June 
of 197 3. Evaluation units are available from stock. 

MODEL 231 J/K: 25mA OUTPUT, O.lµV!°C 
Model 231, available in two drift selections (231], 0.25µV !° C 
and 231 K, 0 .1 µV I° C) is an inverting chopper stabilized 
amplifier with increased output current capability (25mA). 
With stable 3kHz full power response and low drift, it offers 
higher output without use of an additional booster stage 
for heavier load requirements . 

High Performance Low Cost 

Wideband Non-Inverting General Purpose 
lµV p-p Lowest Noise High ZtN 25mA Output 

234 260 231 

J K L J K J K 

107 5 x 106 107 

± lOV@SmA ±JOV@SmA ±JOV@25mA 

2.5MHz lOOHz 500kHz 
500kHz 2 to SOHz 3kHz 
30V/ µ s lOOV/s 0.2Vl µ s 

- 30ms 3.0sec 

±50µ V 

I 
±25 µ V I ±2 5µ V ±25 µ V ±1 5µ V I ± JOµ V 

± 1.0 ±0.3 ±0.l µ V !°C ±0.3 I ±0. lµ Vl°C ±0.25 ±0. lµV l° C 
±0.2 µ V /% ±0. 1 µ V /% ±0. Jµ V/% 
±2µ V l mo. ± 1.0 µ V l mo. ± 1.0 µ V l mo. 

I 
± l OOpA I ±2pA/°C 

±3 00pA 1 
±lOOpA I ±50pA 

±4 ±2 ±JOpAl°C ±J.O ±0.5pA/° C 

300k .S1 80k.S1 //0.0 Jµ F 300k.S1 
NA 109 .S1 !!0 .02µ F A 

0 .7µV 0.4 µ V 1.S µ V 
J.S µ V 1.0µ V 10 µ V 
2 µV -- Sµ V 
2pA 4pA l OpA 
4pA l OpA 35pA 

NA ± 1.0 V A 
NA llOd B NA 

± ! SY ±20 V ± JSV 

±T12 to ! 8) V ±(10 to 18)V ±(12 to l8)V 
± ! 5V@SmA ±15V@6mA ±JSV@+8, - IOmA 

0 to +70°C 0 to +70°C 0 to +70°C 

T'"J ~A -6 WA - 1 -
1.5" x 1.5" x 0.4" 1. 5" x 1.5" x 0.62" 3.6" x 1.6" x 0 .4" 

$ 54 I $65 I $89 $49 I $64 $80 I $ 115 
$49 $59 $82 $4 5 $58 $74 $105 

DC to lkHz Noise, Referred to the Input ; 234 vs 232. 

High Bandwidth 
20mA Output 

210/211 

210 211 

108 

± JOV@20mA 

20Ml-l z 
500kHz 
l OOV/ µ s 

0.2 µ s 

± JOO µ V 
±0.5 1 ± Jµ V/°C 

± lOµ V /% 
± J.Oµ V/day 

± JOOpA I ± J 50pA 
± ) ±3 pAl°C 

500k.S1 
NA 

Sµ V I lOµ V 
-

I Oµ V 
JOpA 
-

NA 
NA 

± ! 5V 

±( 12 to 18)V 
± JSV@+ 30, -4 mA 

Oto+70°C 
t-

R- 7 
2.87" x 1.37" x 0 .99" 

$157 I $ J 1 3 
$ 148 $ 107 
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LOW VOL AG D I T F ERE TA INPUT, 
HIGH CM MODELS 184, 153, 180, AD508, AD504 

GENERAL DESCRIPTION 
These "chopperless" amplifiers with differential input 
feature high open loop gain, low drift and good CMR for 
improved linearity and gain accuracy as required for many 
low level signal applications. As single ended or differential 
amplifiers they may be used for precision comparators, 
transducer and bridge circuits , or in general, to precisely 
amplify and process low level signals of moderate band
widths. They should be selected over single-ended choppers 
whenever chopper noise and spikes are objectionable in the 
circuit design. 

Advanced circuit techniques, coupled with careful 
component selection and processing, have made possible 
economical amplifier designs which challenge the low voltage 
drift of the chopper amplifier. Amplifiers in this group us~ 
differential bipolar input stages to achieve offset voltages 
and drifts up to lOOµV and '4µVl°C respectively with good 
offset stability of 3µV/month. These devices offer differential 
performance with input noise of lµV p-p and lOOdB of 
CMR at ±l OV . For comparison, chopper stability approaches 
lµV /month and are useful as single ended amplifiers only. 

MODEL 184 J/K/L: 0.25µV!°C, lOOdB CMR 
These low drift "chopperless" amplifiers challenge the low 
drift and long term stability of choppers while avoiding 
"chopper noise and spikes." Their low noise (lµV p-p) and 
low drift (to 0.25µVJ°C, 184L) also make them the best 
choice among other amplifier types for processing low level 
transducer and bridge signals with source impedances up to 
lOOkil. With internally trimmed offsets to lOOµV (184 K, L) , 
open loop gains of llOdB and a CMR of lOOdB, the model 
184 will provide good linearity and gain stability for single
ended or differential amplifier configurations. 

MODEL 153 J/K: BATTERY POWERED, 70µA CURRENT 
DRAIN 
Incorporating the best features of the "chopperless" class of 
differential amplifiers, the model 15 3 has a bipolar input 
stage and is designed to operate from ±2 .7VDC to ±15VDC 
power supply voltages . Using two 2.7VDC batteries, power 
consumption is held to 190µW at 70µA current drain while 
providing 2µVJ°C drift, 94dB of CMR and 2µV rms of 
wideband noise. The model 15 3 is a best choice for amplify
ing low level signals from source impedances to 1 OOk.Q 
where excellent power supply rejection is demanded such as 
in battery operated equipment. 

MODEL 180 J/K: LOW BIAS CURRENT 
These devices, with drifts of 1.5µVJ°C (180 J) and 0.5µV!°C 
(180 K), are companion designs to model 184 but with 
reduced bias currents (4nA versus 25nA for 184). This six
fold improvement in bias current is achieved using current 
compensation techniques thereby permitting better current 
drift performance with higher source impedances (to 500kil). 
Package size is reduced below that of model 184 for critical 
space requirements. 
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Model 

Open Loop Gain 
DC Rared Load , VIV min 

Rared Output, min 

Frequency Response 
Unity Gain, Small Signal 
Full Power Response , min 
Slewing Rate, min 
Overload Recovery 

Inpu t Offset Voltage 
Ini tial, 25 ° C, max 
Avg. vs. Temp (0 to 70°C) max 

vs. Supply Voltage 
VS. Time 

Input Bias Current 
In itial , 25°C, max 
Avg . vs. Temp (0 ro 70°C) max 

Inpu t Difference Cu rrent 
Initial, 25 ° C, max 
Avg. vs. Temp (0 ro 70° C) max 

Input Impedance 
Differential 
Common Mode 

Input Noise 
Vol rage. 0.01 ro I Hz, p-p 

5Hz to 50k Hz, rms 
Current, 0.01 ro !Hz, p-p 

Input Voltage Range 
Common Mode Volrnge, min 
Common Mode Rejectio n @ ± 1 OV 
Max Safe Differential Voltage 

Power Supply Range (V DC) 
Rared Specification (VDC) 

Temperature Range 
Operat ing , Rated Specifications 

Pac kage Outline 
Case Dimensions 

Price 
1-9 
10-24 

(1)±2.7 VDC supply voltage. 
(2)V OS nulled . 

Lowest Cost 
Low Drift 

184 

J K L 

300,000 

±IOV@5mA 

JMHz 
5kHz 

0.3Vl µ s 
-

I 
±25 OµV ±!OOµV I ±!OOµ V 

±1.5 ±0.5 0.25µ V l°C 
±5 µ V /% 

±3 µ V/ mo.3 

0 , +25nA 
±0.25nA/°C 

±2 nA 
±0.02nA/°C 

4 x 106 .n 
2 x 109 .n 

JµV 
4µV 
I OpA 

± IOV 
IOOdB 
± 15V 

±( IO to 18)V 
± !5 V@9mA 

0 to +70°C 

F- 1 
1.5'" x 1.5'' x 0. 4'" 

I I $39 $55 $65 
$37 $52 $62 

(3 )Warm-up drift ± 1 OµV , 20 min . 



AD504 J/K/L/M: LOW COST, 0.5µ.vfc, 
0.6µ.V (p-p) MAX NOISE 
The monolithic AD504 is an extremely low drift, low noise 
operational amplifier that is designed for high precision appli
cations where moderate source impedances are used . A double 
integrator circuit concept combined with a precise thermally 
balanced layout achieves gain greater than 106

, offset voltage 
drift below O.SµV!°C, maximum noise (O.lHz to lOHz) of 
0.6µ.V (p-p), bandwidth of 300kHz, and slew rate of 
0 .12V/µsec. The inputs and output are fully protected, and the 
amplifier will drive lOOOpF of load capacitance. This com
bination of performance characteristics makes the AD504 
ideally suited for numerous low level applications in pre
cision measurement , telemetry , and data acquisition. 

Discrete Microcirc ui t 

Low Offset Drift Battery Powered Low No ise 

Low Bias Current General Purpose Low Offse t , Drif t , Cost 

180 153 AD504 

J K J K J K L M 

300.000 50,000 l:S o.ooo l soo.ooo l 1.0011 .1100 I 1.000,000 

± lOV@2.5mA ± JV @l mA ± \0\f(a1Srn1\ 

!MHz I 50kH z Jo11kll 1 
!Ok Hz 5kH z (peak) I.Ski 11 t~ p 

0.6V/ µ s 0.02V/ µ s 11. 12\' 1µ , t~ p 
2.0ms 2. 0ms ... 

.250µV I ± IOOµ V ± 1.0mV I ±0.2 5mV ±l. 5m\' I ± I.Sm\' ' ±0.SmV I ±O.SmV 

±1.5 ±0.5 µ V /°C ±5 .0 ±2.0µ V/°C !. 5.P ±3.ll ± 1.0 ±o.5µVt' c.' 
±2µ V /% ±1.0µ V/% ± 1.tlµV /0 

.. 

±5 µ V l mo. ±5µ V/mo. ± 15µ\ ' t llltl . I ± IOµV l mo . 

±4nA ±3nA ±2 1111nA I ± I Olin .\ I ±~Hin . \ I !:8Un A 

±0. I I ±0.05 nA/°C ±0. lnA/°C '200pA t°C t~ · p 

± lnA ±3 nA ±4tlnA I ± 15n:\ ) ± IOnA I ± lOnA 

±0.02nA/°C ±0 .05nA /°C ±5 0pA f° C 1 ~ p 

2 x 106 .11 10
6 .11 10• n 

10• .11 2 x 108 .11 IO' l1 11 4pF 

AD508 J/K/L: HIGHEST ACCURACY, LOW lb, 
LOW DRIFT 
Its combination of low drift (0 .5µ.V !°C max), low input cur
rents ( 1.0nA max los, 1 OnA max lb) , and long term stability 
(10µ.V /month max) make the AD508 operational amplifier an 
excellent choice for all applicatio ns requiring the utmost in 
precise, highest accuracy performance . Guaranteed parameters 
also include gain greather than 106

, PSRR less than 1 OµV IV, 
CMRR above llOdB , and Vos below 0 .5mV. Dy namic per
formance is more than adequate with a unity gain slew rate o f 
0 .12V/µsec and bandwidth of 300kHz. The outstanding long 
term stability of the AD508 is attained by subjecting 100% of 
the devices to special stabilizat ion burn-in processing, with the 
AD508L achieving its maximum drift specification of 
10µ.V/month following 600 hours of monitored operation. 

Highest Accuracy 
Low lb. Vos Drifc 

AD508 

J K L 

2so.0011 l soo.ooo l 1.rnH1 .1 1110 

± lt1V la1S111.\ 

30Clkl 11 

I.Ski 11 I~ p 
11 . 12.\'1µ , (~ p 

... 

±2.5"'" 1 
±3 .0 

±0 .5mV J ±<U m\' 
±0 .5 ±1.0µV t° C' 

± I .tiµ\/ /",. 

± 15 I ± 10 I± 10 max µV I mo . 

±25nA I ± JOnA 

I 
±10nA 

± 100 ±4-0 ±40pA/°C t)'p 

±5.0nA j 

±14 

±I.O n Al ± I.On A 

±4 ±4pAt° C t)'P 

4, J(l•n 
IO' l1 11 4pF 

l µ V lµ V1 
(O. I to ! Oll z) l,JTI¥p-p 

I 
0 . 6/~/rrt max (0.1 tu IOllz ) l .OµV p-p 

4 µ V 4µ V (IOO ll z) !OnV/ ll z rms IOnV/ Hz rms m ax (IOO ll z ) 12nV tv'iTz rms 
50pA ! OpA (I k Hz) 8nV /v'iTz rms 9nV JViTz. rm s max (lk ll z) IOnV t,/Hz rms 

±IOV ± 1v1 ± HIV I ±IOV I ±JOV I ± IOV ± 10\/ I ±JOV I ± IOV 
IOOdB 94dB 120dB 120dB 
± !5V ± JOY ±15V ± I 5V 

±( 10 to 18)V ±(2.5 to 18)V ±( 5 '" 18)V ±(5 '" 18)\I 
± J5V@5.5mA ±2.7 V@70µ A ± ISV(a) l.5mA ± 15V\al l. 5mA 

o to +70°C o to +10°c 0 lo +70°C o to +7 tt°C 

Q- 1 F- 1 T0 - 99 TO 99 
1.125·· x 1.125" x 0 .62" 1.5·· x 1.5" x 0.4'" - --· 

$72 I $90 $40 I $50 $ 11.20 I $19.80 I $28 .00 I $30 .00 $21.10 1 $29.80 I 538.00 
$65 $84 $38 $48 $11. 20 $19.80 $28.00 $30 .00 $21.20 $29.80 $38.00 
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ELECTROMETER-UL TRA LOW BIAS CURRENT 
MODELS 31 0, 311, 41, 42, AD523 

GENERAL DESCRIPTION 
Amplifiers with bias currents less than 1 pA are classified 
as suitable for electrometer use where frequency response 
and voltage drift are usually secondary requirements . Both 
varactor bridge and FET input designs are employed to 
achieve these bias currents ranging from one pico amp 
(10- 1 2 A) to ten femptoamps (10- 14 A) . 

Available with either inverting, noninverting or differential 
inputs, these amplifiers are used as current to voltage 
converters with high impedance transducers such as photo
multiplier tubes , flame detectors, pH cells and radiation 
detectors . To minimize RFI and other noise pickup problems, 
the varactor modulated amplifiers, operating at lOfA, are 
available with shielded cases. 

V ARACTOR BRIDGE ELECTROMETERS 
MODEL 310 (INVERTING), MODEL 311 (NON INVERTING) 
These operational amplifiers feature extremely low input 
bias currents and high input impedances. They are appli-
cable to a wide range of electrometer applications which 
have been traditionally fulfilled using vacuum tube types. 
Because of varactor bridge inputs, the solid state models 
310 and 311 are best suited for applications characterized 
by extremely high source impedance or where infinitesimal 
currents must be measured or amplified accurately . In 
principle, the varactor bridge amplifier design is similar to 
that of the vibrating reed electrometers (parametric), but 
with the inherent advantages of solid state circuitry. 

Typical specifications for models 310 and 311 include open 
loop gain of lOOdB, 2kHz unity gain response, 0.4V/msec 
slew rate, initial bias current of 10- 14 A, with 10- 15 Al° C 
current stability, and low current and voltage noise of 
1o- 15 A and lOµV p-p (1 Hz band width) respectively. Two 
voltage drift selections are available : 310], 311] with 
30µV!°C, and 310K, 311K with lOµV!°C. Each is housed 
in an aluminum enclosure for improved shielding. 

Model 310, with inverting input only, is most appropriate 
for use with current source signals such as gas chromatographs 
flame detectors and photomultiplier tubes. It is also useful 
for precision long term integrators or where extremely wide 
dynamic current range is needed as in log compression 
amplifiers. Current to voltage converters may also be 
developed using a feedback resistor for setting the conversion 
scale factor. 

Model 311 has a single noninverting input for measuring 
voltage from very high source impedances where bias currents 
would create substantial offset errors . Such sources include 
pH cells or stored capacitor charge as found in long term 
track and hold applications. Common mode rejection is 
lOOdB at ±25V with 1014 .Sl impedance to ground for 
reduced source loading errors. 

FETINPUTELECTROMETERS 
MODELS 41 , 42, AD523 (MONOLITHIC) : This family of 
FET input amplifiers fully complements the varactor bridge 
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Model 

Open Loop Gain 
DC Rated Load , min 

Rated Output, min 

Frequency Response 
Unity Gain, Small Signal 
Full Power Response, min 
Slewing Rare , min 
Overload Recovery 

Input Offset Voltage 
In itial , 25 °C, (adj. to zero) 
Avg. vs. Temp (0 to 70°C) max 

vs. Supply Voltage 
vs . Time 

Input Bias Current 
Initial , 25°C, max 

Inverting Input (Varaccor) 
Non· lnvercing Input (Varaccor) 

Avg. vs. Temp (Oto 70°C) 

Inpu t Impedance 
Differential 
Inverting Inpu t (to common) 
Non-Inverting Inpu t (to common ) 
Common Mode (FET) 

Input Noise 
Voltage. 0.01 to 1 Hz, p-p 

5 Hz to 50kH z, rms 
Current , 0.1 to lOHz. p-p 

1 to lOOH z, rms (Varactor) 

Input Voltage Range 
Common Mode Voltage , min 
Common Mode Rejectio n 
Max Safe Differential Voltage 

Power Supply Range (VDC) 
Rated Specification (VDC) 

Temperature Range 
Operating, Rated Specifications 

Package Outline 
Case Dimensions 

Price 
1-9 
10-24 

(I )With external 4.99k trim. 
(2)With trim terminal open . 

Lowest Cost 
High Gain FET 

42 

J K L 

300.000 

±JOV@5mA 

!MHz 
4kHz 

0.25Vl µ s 
!Oms 

±2mV1 

±50 I ±15 I ±25µ V/°C 
±25µV /% 

±2 50µV imo. 

350fA I lOOfA I 75fA 
-
·--

0 . -4pi\ ' 

101 3 n,// 3pF 
-
---

1013 n. 

6µV 
Bµ V 
5fA 
--

±!OV 
66dB@±lV 

±15V 

±(12 to 18)V 
±!5V@2mA 

O ro +70°C 

QB- 1 
1.1" x 1.1 .. x 0.57" 

$25 I $23 
$32 I $37 
$29 $35 

(3)Max bias at 70°C. 
(4)Signal inpu t only . 



designs for electrometer applications . Available in three 
package sizes, these designs provide high input impedance , 
sub-picoamp bias currents and improved bandwidth 
characteristics. They may be used single-ended or differen
tially for making low level current or voltage measurements 
from photo/ion current transducers, pH cells, photometers 
or, in general, where speed and low input capacitance are 
essential for accurate measurements at high impedance levels 
as found in automated test systems. Other applications 
include fast integrators, charge amplifiers, differentiators 
and long term integrators. In addition, these carrier-less units 
overcome certain RFI problems which may arise in extremely 
noisy environments using the varactor bridge modulator 
types. 

Model 42 J/K/L Improved Performance : Undoubtedly one of 
the best values for OEM designs, this differential FET amplifier 
has 1 lOdB open loop gain, for improved closed loop accuracy, 
1 MHz unity gain response and CMR of 66dB at ± 1 V CMV. It 
is available in three current selections ranging from 0. 3 5pA to 
75fA. Each device features all hermetically sealed semiconduc
tors, with monolithic front end, in a compact module for im
proved reliability and good thermal transient response. 

Discrete 

Wideband Varactor Varactor 

Model 41 J/K/L : This device combines outstanding bias 
current and drift specifications with speed and full dif
ferential input capability for use in a broad range of electro
meter and integrator applications as well as for wideband 
differential and buffer circuitry. Typical specifications 
include 50kHz full power response, 94dB CMR at ±SV 
(80dB at ±lOV), lOOdB gain for improved closed loop 

Performance and three bias current and drift selections : 
' 0 

41J,0.5pAand 25µV!°C;41K,0.25pAand lOµV/ C;and 
41L, 0.15pA and 25µV!°C. Special packaging techniques 
assure 101 3 input impedance, free from internal current 
leakage paths, and a maximum 4pA bias current rating at + 70° C. 

Model ADS 23: This unit is a very low bias current IC op amp. 
It features maximum steady-state bias currents (either input) 
as low as 0.25pA, in a special low-leakage T0-99 metal can 
package that minimizes case leakage by utilizing a special 
gu"ard pin and high resistivity glass insulation. The AD523 
is short circuit protected and offset voltage nullable, and 
features drift of 15µV !° C, slew rate of 4 V /µsec, and 
large signal voltage gain of 25 ,000 VIV. It is available in 
J, K, L (0 to +70°C) and S (-55 ° C to +125°C) specification 
versions. (See also Linear IC Section). 

Microcircuit 

Differential 
High CMR Inverting Non-Inverting 0 .25pA Guarded Input 

41 310 311 AD523 

J K L J K J K J K L 

100,000 100,000 100,000 25,000 I 40,000 I 40,000 

± JOV@5mA ± I OV@5mA ± IOV@ 5mA ± IOV@5mA 

!MHz 2k Hz 2kHz 500kHz 
50kHz 7Hz 7Hz SOkHz ty p 
3V/ µ s 0.4V/ms 0.4V/ms 3.0V/ µ s 

~ !Oms !Oms w 
±2m V2 Adjust co zero 

I 
Adjust to zero ±50mV 

I 
±20mV 

I 
±20mV 

±2 5 ± JO I ±2 5µV!°C ±3 0 ± JOµV /°C ±3 0 I ± JOµ V/°C ±90 ±3 0 ±60µ V/° C 
± I OµV /% ± I OOµV /% ± IOOµV /% ±3 0 ± 15 ± J5µ V/% 

±250µV / mo. 1---± IOOµV/ mo. ± JOOµV /mo. -

0, -0. 5pA -0 .25 pA -0 . 15pA - - 0, -1.0pA -0 .5 -0.25pA 
- ±lOfA ± J nA --
- ± I nA ± JOfA --

O. -4pA 3 
± JfA !°C4 

- I-
± IfA!°C4 

- 2x/ 10°C ---
101 3 n t/ 3pF 3 x 10

11
n 3 x 1011 n 1012 n 

--- -- 10• n ---
-- -- 101

• n ---
10

1
' n -- -- 10

1
' n -- t--

8µ V ! Oµ V JOµ V 20µ V 
JO µV IOµV (I to l OOHz) !OµV(l to IOOHz) 

5fA lfA (0 .01 to !Hz) lfA (0.0 1 to !Hz) 
2fA 2fA 

± JOY NA ±2 5V ±BV 
94d B@±5V NA 100dB@±2 5V 70d B min 80d B min 80dB min 

± 15 V ±300V ±300V ± IOV 

±(12 to I B)V ±(12 to I B)V 

""" mv ~~"' •o ">v ±15V@8mA ±15 V@+ l 5, -6mA ±15 V@+ l 5, -6mA ± I 5V@7 mA 

0 to +70°C 0 to +70°C 0 to +70°C 0 t o +70° C 

F-2 W- 1 W- 1 T0- 99 
1.5'' x 1. 5 .. x 0 .4 .. 3 .. x 1.65 .. x 0.67 .. 3 .. x 1.65 .. x 0 .67.. 

1
1 (gu ard pm 8 conn. co case} 

$45 $55 $64 $59 $95 $59 $95 $22 $30 $34 
$4 2 $5 1 $60 $55 $90 $55 $90 $22 $30 $34 

-· a ,, .. 
0 
< 
CD 
a. ,, 
CD .. ... 
0 .. a a ::s 
" CD •• ... 
N 
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HIGH OUTPUT VOLTAGE, CURRENT 
MODELS BIOO, 50, 163, 165, 171, AD512 

GENERAL DESCRIPTION 
Amplifiers in this category are unique with respect to their 
output voltage and/or current capability. In general , amplifiers 
offered here have bipolar or FET inputs with output voltage 
swings of ±20 volts or output currents to ±lOOmA. These 
amplifiers may be used to achieve higher output voltage 
or current swings, or as boosters for op amps. Typical 
applications include galvanometer amplifiers, audio ampli
fiers, deflection amplifier drives, voltage or current regulators 
and sonar transducer drives . 

MODEL BlOO: lOOmA OP AMP BOOSTER 
As a unity gain current booster, the 8100 will deliver up to 
lOOmA at ±10 volts output and operate in a closed loop 
configuration with an op amp. Its lMHz full power response 
rolls off at a stable 6dB per octave making it suitable for use 
with op amps designed to have crossover frequencies up to 
lMHz . BlOO, with short circuit protected output, is useful 
as a power booster for instrument servo loops, audio systems, 
galvanometer drivers, and wherever clean power must be 
delivered to loads at moderate bandwidths, to lMHz. 

SPECIFICATIONS (Typical@ +25 °C 1-------

MODEL 50 J/K : WIDEBAND lOOmA DRIVER AMPLIFIER 
The model 50, an extremely fast amplifier , should be 
considered for higher current outputs if settling time, slew 
rate or bandwidth are critical. This differential FET op amp 
will deliver lOOmA at ±10 volts, up to lOMHz, for a wide 
range of high frequency designs, including boosters and 
driver stages as used in CRT deflection amplifiers. Typical 
specifications include 86dB open loop gain , lnA bias, 
80ns settling to 0.1 %, CMR of 72dB at ±lOV and two drift 
selections: 50µV!°C (J) and 15µV!°C (K). 

MODEL 163 A/K: 20 VOLT/20mA ECONOMY 
The model 163 offers good performance at a low cost for 
designs requiring higher output capability of ±20 volts at 
20mA. This differential amplifier with bipolar input stage 
may be used in most general purpose designs with source 
impedances up to lOkD for best performance. 

MODEL 165 A/K: 20V/5mA ECONOMY 
Model 165, a companion design to model 163 , has reduced 
5mA output at ±20 volts with equivalent performance at even 
lower costs. Two offset drift selections are available : 5µV I° C 
(K) and 20µV !° C (A) . 
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and :t 15 voe power supply unless 
otherwise no ted .) 

Modd 

Open Loop Gain 
DC Rated Load, V IV , mm 

Rated Output, min 

Frequency Response 
Unity Cam, Small Signal 
Full Power Response , mm 
Slewing R:ite . min 
On•rload Recover 

Input Offset yohagc 
Initial, 25 C. (AdJ . to uro> 
Avg . vs. Temp, max 

vs . Supply Voha~e 
vs . Time 

lnpu1 Kias Current 
ln1t1al, 2S°C, max 
Avg . vs. Temp. max 

lnpul D1ff('re
0
nn· Current 

ln1t1al, 25 C 
Avg. VS. Temp 

lnpul Impedance 
Differential 
Common Mode 

Input Noise 
Vohage, 0 .01 tu I Hz, p-p 

IOHz to IOkllz, rms 
Current, 0 .01 to I Hz, p-p 

Input Vohage Range 
Common Mode Vohage . mm 
Common Mode Rejection 
Max Safe Differential Voh~g_e 

Power Supply Range (VDC) 
Ra1ed Specification (VOC) 

Tcmp<:ralUrc Range 
Operating, Rated Spec1ficat1ons 

Package Outline 
Case Dimensio ns 

Price 
1-9 
I0-24 

I OOmA Boosttt 
Lowest Cost 

8100 

1185 

:! lUV@IUUmA 

IMllL 

65V/ µ s 

±200mV ( no aJJ.) 
±J mVl°C 

±5UUnA 

NA 

9x 10J n 

NA 

NA 

NA 
NA 

± J5V 

±( 14 10 16)V 
± J5V@8mA 

· 25 to +85°<.: 

Q - 1 
1. 1" x I t" x U.4 " 

SJO 
S29 

(l)IOkl-lz and l.2V/µs for non-invening operation . 



MODEL 171: ±20V TO ±!SOY FET AMPLIFIER 
Model 171 is an extremely versatile differential FET amplifier 
featuring output voltages to w'.thin lOV of the supplies, for 
supplies ranging from ±20V to ±lSOV. Asymmetrical supplies 
may also be used with combinations of -OV , + 300V, or - 300V, 
+OV, or any combination of+ and - supplies where the differ
ence between supplies is held to less than 300V. 

This design also features low drift of lSµV!°C for l 71K, 
7µV IV of power supply rejection and common mode rejection 
of greater than lOOdB for common mode voltages to within 
lOV of either supply. 

Discrete 

20V Outpu t 20V Oulpuc 

20mA . High Gain Econo my High Gain 140V Output 

163 165 171 

A K A K 

5 011 ,UUU 25 0 ,000 10' 

!20V@20mA .!20 V@S m A ± 1 lSV@tomA 

1.5M H 1. 1. SMll L 2MHz 
5Uk liL Sok l \1. 1 15kl-lz 
6 V t µs 6Vt µ ., IOV/µs 
0 .5µ -. o.s µ-c. 5µ s 

:!5 mV !SmV ± tmV 

I !5µ V t° C ±20 I ±Sµ Vt0 <: ! 50 ±. 20 
± I µV /% ± IUµ.V /% !IU µ V I'\. 

!.2UOµ. V / mo. !20tlµ V tmu. ±250µ.V/mo . 

•35nA -50 •35nA 
!O HSnA /°C 2 x/ 10°C ±0 6 I ±0 .5nA/,c ±U 6 I 

!.JnA :!3 nA ±25 
.!. O I .! tl.0 5n.\/°C :!:l l. l .!0.0 5nA /°C 2x/ 10° C 

10
6 n 111

6 n 1011 n 
10

11 n 10
11 n 1011 n 

l µ V lµ V 4µ V 
2µ V 1. µ V 2.5µ V 
ZOp1\ ZOpA O.lpA 

±20V ±20 V ±115V 
86dB 86dR lOOdB 
±4UV ! 40V • 1 ~sv 

i (22 w 261v- ±(22 10 16) V ±(25 to 150)V 
!.24V@2 mA !. HV@4mA ±125@6mA 

·25 to +85°C O tu -1-70°C ·25 10 -1-85 °C 010 t-70°C 0 t o +70°C 

F -- 1 M- 1 8 - 1 
I 5" x I 5" x U.4" I " x I " x 0.5' ' t.8" x 2 .4 " x 0 .6" 

SJ6 s+6 S24 SH $69 
SH S4 J S2U S29 $66 

K 

AD512 K/S: HIGH CURRENT 

:I 
CD • 11 .. 
0 
A. c 
" .. 
"' •• ... 
...... ... .... 

"' 0 

Models AD512K and AD512S are monolithic operational 
amplifiers specifically designed for high output current 
capability. High efficiency output transistors, thermally 
balanced chip design and precise short circuit current control 
insure against gain degradation at high current levels and 
temperature extremes. Typical specifications include 12mA 
at ±lOV output from 0 to +70°C, 20µV!°C drift, SnA bias 
current 90dB CMR and O.SV /µsec slew rate at full load . The 

' 0 0 
AD512S is designed to operate from - 5 5 C to + 125 C. 
(Also see Linear IC Section) . 

Microcircuit 

lOOmA Driver G uaranteed 12/lOmA 

Widtband JOMHz fp at Max _ Temp. 

so AD5 12 

K K 

25,000 50 ,000 

± I OV@lOOmA ± IOV@J 2mA .! IOV@ IO n11\ 

SOM Hz l .OM H .t 

SM Hz Wk ll z 

500V/µs O.SV/µ. s ty p 
0 .2µs 

± 3mV ±Jm V m ax 

±1sµvf c ±SO ±t5µV /° C .!2 0 I !.2S µ V/°C 
±JOµV /% ± 15µ.V /% 

±500µ. V/ mo . 

-20pA 0, -2 nA !.lOOnA 
2xll 0° C 

± lOpA ±50pA ±S OnA 
!.U l nA /° C 2 x/ 10°C ±ti. I 

w11n 2 x 10
6 n 

101 •n 

5µ V 2µV 
JµV 4 µ V 

O.lpA 

±IOV ± 12 V 
86dB 90d B 
±ISV ± j OV 

±(12 to 18)V '" l RV I 10 !22V max 
:t: lSV@40mA ! 15 V@2 mA 

Oto +70°C O to +70°C I · 55 to t- 125°C 

N- 1 T0 - 99 
1 .2" x 1.8" xo.6" 

$79 S75 S92 S6 S9 
$75 S62 $75 S6 $9 
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INSTRUMENTATION AMPLIFIERS 
MODELS 603, 605, 602, AD520 

GENERAL DESCRIPTION 
The instrumentation amplifier is a commited gain 
amplifier containing precision feedback networks. Its 
excellent linearity and noise rejection capability make it 
a natural choice for extracting and amplifying low level 
signals in the presence of high common mode noise voltages. 
These devices are commonly used as transducer amplifiers 
for thermocouples , strain gauge bridges, current shunts, 
biological amplifiers, or simply as preamplifiers for process
ing small differential signals superimposed on common mode 
voltages. 

Differing from operational amplifiers with uncommitted 
gain, the instrumentation amplifier has a differential input 
stage usually requiring only one resistor adjustment to vaty 
the gain over a wide range (typically 1 to lOOOVN). 
These compact devices may be placed in close proximity to 
the signal source for further noise reduction. Products from 
this group are available with low drift (under lµV ;° C), 
fast settling time (25µsec to 0.01 %) and economy. Models are 
also available with high CMRR, excellent linearity, and 
moderate drift for general purpose use. 

MODEL 605 J/K/L: LOW DRIFT, IMPROVED 
PERFORMANCE 
For moderate bandwidth applications requiring excellent 
drift, gain linearity and stability, the model 605 is a top 
performer when used with source impedances up to lOkQ . 
This design requires one gain setting resistor for operation 
and includes output remote sense terminal, and output 
reference adjust terminal. Typical specifications are: 0.01 % 
gain nonlinearity; 1 to 1 OOOV N gain range ; 94d B CMR at 
G = 1 OOV N; 1 OOnA bias and three R TI drift selections: 
'h.µVf°C (L); lµV;°C (K) and 3µVf°C (J) at lOOOVN gain. 
Its low RTO drift now guaranteed at 50µV I° C (L) makes it 
especially attractive for low gain applications. 

MODEL 603 J/K/L: GENERAL PURPOSE, PRICE 
REDUCTION 
This FET input design features high input impedance and 
low bias current to meet most general purpose applications 
operating with both high and low impedance signal sources 
at moderate bandwidths. Model 603 is available in three RTI 
drift selections - 50µVt°C (J); 15µVf°C (K); and 5µVf°C (L) 
for lOOOV N gain. This model incorporates other desirable 
features, including: remote output sense terminal, permitting 
its use as a current feedback amplifier or use with a booster; 
output reference adjust terminal, allowing ±10 volts output 
swing adjustment independent of gain; and gain adjustment 
from 1 to 2000VN, using a single resistor. Key specifications 
include: 0 .2% gain nonlinearity; lMHz bandwidth and 
40µsec settling time to 0.1 %, all at 1 VIV gain; RTO drift 
of 5 OOµV I° C, and operation from 12 to 20VDC dual power 
supplies . 

Simplification of this design has been made possible by the ad
vent of improved semiconductors. This savings is being passed 
on resulting in a new low 1-9 price of $50 for model 603L. 
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(Specifications typical@ +2S °C 

and :ti SVDC power supply unlcs.s 
otherwise: noted.) 

Modd 

Gain 
Range 
Formula 
Deviation From Formula, max 
vs. Temp. max 
vs.. Time 
Nonlincari~ max 

Rated Output, min 

Frequency Response 
Unity Gain. Small Signal. (· 3d8) 
G =I 
G = 1000 

Full Power Rt:sponsc . min 
Slew Rate 
Unity Gain Scnling Time to 0. 1 % 

Offsets Referred lO Input 
Initial Offset Voltage 
vs. Temp. max G = I 

G = 1000 
vs. Supply G =I 

G = 1000 

Inpu t Bias Current 
Initial , 25°C 
vs. Tern..£_ 

Input Difference Current 
Initial, 25°C 
vs. Tern~ 

Input Impedance 
Differential 
Common Mode 

Noise Referred to Input 
Voltage Noise, 0.01 to iHz . p· p 

G =I 
G = 1000 

Voltage Noise, lOHz co lOkHz, rms 

G =I 

Input Voltage Range 
Linear Differential Input 
Max Differential Input 
Max Common Mode 
CMR@ ±1ov. DC to 60Hz 
( ikS11mbalanc< G = I 

G = 1000 -Reference Terminal 

Rm 
Output Offset R•nge 
Gain Offset Range 
Bias Current -Power Supply Range . ±V ,(VDC ) 
0 eratmg, Ratecf_2.pec1f1cauons (VDC) 

Temperature Range I 
0 cratm , Rated Spec1f1cauo ns ] 

Package Outline 
Case D1mcns1o ns 

Price 
1-9 
10-24 

-- -

Economy 
General Purpose FET 

6-03 

J K L 

I to 2000 
G = 105 /Rg 

±3.0% 
±50ppmi°C 
:!:.0.2%/ mo. 

±0.2% 

±IOV@5mA 

I.OM Hz 
l.OkH£ 
IOkHz 
2V/µs 

40µ s<G = I) 

Adjust lO 0 

±O.SmV/°C 
±50 I ± 15 I ±5 µV l°C 

±1.0mV/% 

±3.5 µV /% 

I f o. ·WpA 0 , ·50pA O. ·WrA 
2xll0 C 

± tOpA 
2x/10°C 

10
12 S1115pF 

101
' S1115pF 

IOOµV 
2.oµv 

8oµv 

±IOV 
±Vs 
±Vs 

70d8@ !RV 
80d8 --- -

-

S39 
$37 

10'n 
± IOV 
1±0.03 

+O, -2µA -
±( 12 to 20)V 

±15V@7mA 

0 to +70°C 

FA - 5 
1.5· · x 1.5 ·· x 0 .62" 

$45 $50 
$43 S4S 



MODEL602J/K: FIXED GAIN, WW DRIFT 
Unlike most instrumentation amplifiers, with externally 
adjustable gain, model 602 gain is internally trimmed to 
0.05% accuracy, for gains of lOVN (602J-10) and lOOV N 
(602J-100). For added versatility, an external resistor may 
then be used to increase gain ten fold to 1 OOV N and 
lOOOV N respectively. These design, with bipolar input, 
feature low RTI drift of lOµVJ°C (602J) and 2µV!°C 
(602K) with low initial voltage offset making the 602 "ready 
to use" for a wide range of applications with source imped
ances up to 1 Okil. An active shield drive terminal is also 
provided to bootstrap the input cable capacitance for 
improved high frequency performance when using long 
cable runs. 

Discrete 

Hich CMR, Low Drift Low Offset 
0.005% Luic.ity Fixed Gain 

605 602 

J K L J - 10 J - 100 K-100 

I 10 1000 10 ' I 100' I 100' 

G = I + (200k/ Rg) NA NA NA 
±0. 1% ±0.0 5% 

±1Sppmi°C ±!Oppm/
0

( 

±0 .0003%/mo. ±0.02%/mo. 
±0.00S % ±o.01% 

± 10V@5mA !IOV@4mA 

300kHz 75k liz 
300Hz ·-

1.SkHz 1yp · 1%@ Ik llz 
O. IV /µs -

l 3Uµ s(l l.<ll %. (; = I ) zooµ s I 50µ s I 50µ s 

((; = 10) I (G= 100) I (G=IOO) 
J\djusl co O Adjust to 0 

±100 l ±7 5 I ±50µV J°C ±10 

I 
± 111 I ±Z µ V/

0

( 

±3 ± 1.0 ±0 .5µV/
0

C: 
±0.2 m Vtu., ±10 ± IU ±IUµ V/% 
±4µV /% 

o. + IOOnA .t50nA 

· I nA /
0

C..: max ±JnA/"' c 

± JOOn A m ax t 5nt\ 
± I nA l" C..: ma .~ ± lnA /° C 

10• n 109 n //5opF 
1o• n 1o•n :1sopF 

15µV(O . l w !Oll z) !.5µ V RTI 
1.5 µ Vl0. I '" 101 lz) 

! .5µV RT I 

5.0µ V at spenf1t'd gain 

±IOV :! 1.tlV 

I 
±0. IV 

I 
±0.I V 

±20\" - - -
±Vs ±IOV ±JOV ±IOV 

7UdB' -
94JB(I20dB typ)DC to 5Hz3 HOdH I IOOdB I IOOdB -

10•n -· 
± IOV NA 
+I.OU -
200nA -

-
±(12 (0 18)V ±( 15 to 16)V 
± !5V@7mA ±15V@ l4mA -
O to +70°C O t o +70°C 

F-5 FA - 2 

1.5" • 1.5" x 0 .4" 1.5'' x 1.5" x 0.62" --
S59 S65 S80 $59 $55 $75 
S56 $62 $75 $55 $52 $72 

--

AD520 J/K/S: LOW DRIFT, MONOLITHIC 
The model AD520 is a monolithic instrumentation amplifier 
which incorporates many features found in more expensive 
modular type designs. These include : two external resistors for 
setting gain from 1 to lOOOV IV; remote output sense terminal 
for current amplifier applications; and reference adjustment 
terminal for setting output level up to ±IOV independent of 
gain . Other characteristics include SµV !° C RTI drift (ADS 20 
K/S) ; 106dB CMR (lkil imbalance) , all at Gain= IOOOVN ; 
40nA bias ; and 0 .02% gain nonlinearity. 

Microcircuits 

Economy 
Monolithic 

ADS20 

J K s 

I to 1000 
G = 105 /Rg 

±O.OS% 
-
-

±0.02% t yp 

±!OV@5mA 

200kHz 
25kHz 

50 kHz 1y p 
2.5Vlµ s 1yp 

-

Adjust to 0 
±1.0 I ±0.5 r 0.5 m VJ°C 
±IO ±S !SµV l°C 

±400µ V/V 
±50µ V/V 

:t40nA I ±20nA I ±20nA 
:':0.5 ±0.2 :!:0 .5nA /°C 

± IOnA 
:tO. lnAt° C 

z • 10• n 
z. 10•n 

5µV (de 10 IOHz . G = 1000) 
I mV (IO Hz 10 200kliz, G = I ) 

2µV (I Hz to 5kliz , G = I 000) 

±IOV 
±V~ 

±Vs 

80d B 
95dB I 106dB I 106dB 

5. 107 !1 
±IOV 

+1.000 
500nA 

(1) Externally adjustable to 100. Speci-±(5 to 18)V 
±!5V@4mA fications shown for G = 10. 

-55°C to (2) Externally adjustable to 1000. Speci-
O co +70° C Oto +70°C +125°C fications shown for G = 100. 

T0-116 (3) ±0.1% amplitude accuracy to lkHz 
- min. 

(4) Constant with gains from 3V/V to 

S!S .00 $24 .00 $33 .00 lOOOV/V. 
$18 .00 $24.00 $33 .00 (5) Minimum CMR with lkll imbalance. 
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ISOLATION AMPLIFIERS 
MODELS 272, 273, 274 

INTRODUCTION 
During 1971 Analog Devices developed and introduced a 
series of DC coupled isolation amplifiers which are unique 
to the industry . Offering total ground isolation and low stray 
coupling capacitance (< lOpF) between input and output 
grounds, these compact modules develop extremely high 
CMR (llSdB@ 60Hz) and CMV ratings (to SkV) using 
modulation techniques with transformer isolation. Capable 
of transmitting millivolt signals in the presence of up to 
1000 volts common mode, with uniry gain or with adjustable 
gain, these amplifiers are ideal for medical (ECG) and 
industrial applications where it is important to isolate 
hospital patients from potentially lethal ground fault currents 
or, in industrial applications, to interrupt ground loops 
between transducers and output conditioning circuits. 

All models are designed to improve on the existing patient 
safery specifications of Underwriter's Laboratories and 
other regulator agencies . When used for ECG and EEG 
patient-monitoring equipment , these amplifiers will do their 
job without exposing the hospital patient to the hazards of 
microshock and possible electrocution. 

GENERAL DESCRIPTION 
(The block diagram for the 272 and 273 can be found in the 
section "Applying the Isolation Amplifier," page 29). 
Isolation amplifiers are available as unity gain buffer 
amplifiers (models 272J, 273], 273K) or with externally 
adjustable gain (model 274J ). All devices are package and 
pin compatible except for model 274 which has two 
additional pins ; an additional input pin for low noise applica-

A • \/ v J::ll TO 100V V 11 Ok:>. 'IV E fl L~.u, INTERNAL 

Figure 1. Block Diagram - MODEL 274J 
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tions and a gain trim pin. Electrically they feature FET input 
op amps for use with high source impedance circuits as well 
as "fail safe" front end circuitry and lOµA fault current limit 
for improved patient safety in medical applications. 

Typical specifications include llSdB CMR (SkQ source 
imbalance), SkV CMV, patient safety leakage current of 
lµA@ 117V AC (2µA@ 220V AC) and 2-wire + l SVDC 
power input . Isolation is achieved using carrier modulation 
techniques (lSOkHz) with transformer coupling for superior 
reliability and low cost . Small signal frequency response is 
from DC to 2kHz with full power response to 200Hz. 

Defibrillator and "fail safe" protection is achieved using 
passive elements for ultimate reliability. Each model will 
repeatedly support a SkV defibrillator pulse from input to 
output or directly across the ECG input leads, except for 
model 273J . Eliminated is the need for any additional 
patient circuit current limiters or other special external 
devices (spark gaps , neon bulbs, zener diodes, FETS), which 
tend to degrade CMR, decrease reliabiliry and increase cost. 
Patient safety test circuits (272, 273, 274) for these designs 
are shown in Figures 2 and 3. 

(~ 
_v--(10-

0- { 
'-

'v FAUL 

PATIENT SAFETY 

I I, 12, 13 14 
"'++--__. ALL LESS 

ODEL 272 & 2) 

Figure 2 

r----, 
tlN I 

]Iii IN 

I 
SHIELD I 

L ____ _J 

VOL TAC._ ,_KV OR 330VAC)V 

THAN 2µA 
IN ALL SWI r.;~ 
POSITIONS 

1 ,1 2 I 
Al LES 

iA OµA 
0 ANY 

CONN .:TION 
OF V ,720,Lr 
v ,21 VAv 

'iOf-" 

"10Df LS 272, 273K 2 '4 IN 1 ONL SUPPOR 5KV AT 11 , I 13 

Figure 3 



LOW NOISE, ADJUSTABLE GAIN : MODEL 274} 
Offered as the most versatile isolation amplifier in the series, 
this design has a full ±10 volt output swing, adjustable gain 
(1 to lOOV/V) and two "high" input terminals for optional 
degrees of input protection and noise performance. Referring 
to Figure 12, Page 30, the two input terminals tie into the same 
amplifier point with terminal #1 (ECG) connected through a 
2MQ series input resistor and terminal #2 (EEG) connected 
directly with no input amplifier-protection resistor. 

Gain is set by varying the gain ratio network formed by the 
internal 2MQ feedback resistor and external resistor, Rx . 
The 2MQ feedback resistor appears as a noise source, 
whose noise level referred to the amplifier input , decreases 
as gain level increases and Rx decreases. Increasing amplifier 
gain, therefore, reduces input noise. The external resistor , 
Rx, can range from infinity to 20kQ as gain varies from 1 VIV 
to 1 OOV IV. Larger gains are possible at a sacrifice in reduced 
loop gain and overall amplifier accuracy, which nevertheless 
may be adequate for the application . It should be noted that 
the output circuit and power supply circuit are transformer 
isolated from each other as well as from the input circuit. 
The SkV isolation rating applies input to either power or 
signal grounds with a reduced rating applying between 
power ground and output low. 
Applications 
For industrial or medical applications, gain should be taken 
in the amplifier consistent with normal mode offset voltages 
to reduce noise and drift referred to the input. The proper 
choice of input high terminal (#1 or #2) depends on the 
degree of input amplifier protection required for the applica
tion. Input # 1 (2M!°2 input) should be selected for defibrillator 
protection (SkV) with gains set from 1 to 20VIV (assuming 
a worst case SOOmV galvanic offset potential) . Over this gain 
range , noise will vary from approximately 16µV p-p 
(G = lVIV) to 12.µV p-p(G = 20VIV) in a lOOHz bandwidth. 
EEG , EMG or direct blood pressure monitoring circuits may 
use input #2 terminal with maximum allowable gain for 
lowest noise performance. Noise will vary from 12.µV p-p 
(G = lVIV) to SµV p-p (G = lOOVIV) in a lOOHz band
width . Input protection is dependent on the value and 
wattage ratio of Rx . When using a one watt resistor, 
differential input protection is lOOOV to 200V as gain varies 
from 1 to lOOVIV . Rx= 20k!°2, lW at lOOVIV gain . Input/ 
output isolation of SkV is independent of gain connection 
or amplifier-input protection resistor . It is interesting to note 
that 274} may be used as an ECG and EEG amplifier in one 
design through appropriate lead and gain selection using a 
two pole-t wo position function switch. 

LOW NOISE, DEFIBRILLATOR PROTECTED INPUT: 
MODEL 273K 
This unity gain device is electrically and mechanically inter
changeable with models 272} and 27 3J except for a different 

value of input safety resistor. Referring to the 272/273 
block diagram, the 273K uses a 2M!°2 input resistor versus 
20M!°2 for 272J and lMQ for 273} . This change has the net 
effect of combining, in one module , the desired SkV input 
protection of the 272} at a slight increase in noise above 
that of 273J . 

The 273K should be considered for all new and original 
equipment designs requiring 272J defibrillator input 
protection and 273J input noise performance. Noise levels 
are typically 12µV p-p in a lOOHz bandwidth . All other 
isolation amplifier characteristics not involving this input 
resistor change remain essentially the same. 

LOW NOISE, LOW DRIFT: MODEL 273J 
Very similar to models 272J and 273K, except for its lMQ 
input resistor , model 273J provides an isolation amplifier 
with the lowest voltage drift and noise level available. Noise 
at BµV p-p is a factor of 3 below that of 272] . 

Model 273J with ±3V dynamic range and 75µV!°C drift will 
support 400V AC differentially for defibrillator free input 
signals while retaining a SkV rating from input terminals to 
output common . It is useful as a unity gain buffer for 
medical applications not requiring input defibrillator 
protection or where other external protection devices may 
be used successfully to protect the amplifier against SkV. It 
is mechanically interchangeable with 272J and 273K. 

UNITY GAIN, DEFIBRILLATOR PROTECTED INPUT: 
MODEL 272} 
This design is available to meet the most demanding require
ments for amplifier and patient protection simultaneously. 
Referring to model 272 block diagram and the safety 
circuits (Figures 2 and 3) the input stage employs a 20MQ 
guarded resistor (R) to limit differential fault currents to 
lOµA in the event a catheterized patient develops 220VAC 
between patient-connected high and low electrode. This can 
occur through an inadvertent connection to power ground 
through misapplication or via other equipment grounds. Of 
course , a full SkV defibrillator voltage is easily supported 
across the inputs and from all input leads to output common. 
The price of this protection is a relatively high amplifier 
noise level (typically 3 SµV /p-p) arising from the 20Mr2 
Johnson noise . Model 272J, with ±3 volt dynamic signal 
swing and unity gain , is most useful for those designs requir
ing ultimate safety to both amplifie r and patient (or trans
ducer) circuit . It is extremely useful in high radiation 
environments where strong emission may destroy input 
circuitry . 
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0 .. 
A. 

• G> 
I: 

Gain (Non- Inverting ) 
Gain (SOk Load ) 

Model 

Gain Temp Coefficient 
Gain Accuracy 

Safety Current Limits 

Input 
Input Imped ance : Differential 

Overload Conditions 
Common Mode 

Input Offset Voltage 
Initial , 25 °C 

Refer to Output (RTO ) 
vs . Supply Voltage 

Input Bias Curren r 
Initial , 25°C 
vs. Temp (U to 7U°C) 
vs . Supply Voltage 

Input Noise 
Voltage (0.05 to 1 OOH z). G = I 

Input #I 
Input #2 
(S Hzto !kHz) 

Current (0.05 to I OOHz) 

Input Voltage Range 
Absolute Max Differential or CMV 

(10 sec of 60 Hz pulse train) 
Commo n Mode Voltage Iso lation 

(i nput to output signal) 
CMR @ 60Hz, skn Source Imbalance . G = 1 VIV 

Between Input and Output 1 , min 
Between Inputs & Shield 

Output (Sokn Load) 
Rated Output, min 
Linearity 
Output Impedance 

Frequ ency Response 
Small Signal (- JdB) 
Full Power, Jo/o THO 
Settling Time to I OOµV after Applying 

Max Diff. Input Voltage 

Power Supply Range 
Rated Specification 
Operating 

Buffer 
Ultimate 

Safety 

272 ] 

IV /V 
0.015 %t°C 

±J% 

Fig. 2 & J 

101 2 n 11 JpF 
20Mn min 
1011 n 1npF 

±50mV 
125 µ V/° C 
20µ V/% 

· 50pA 
2x / 10°C 
O. lpA/% 

35 µV p· p 
NA 

15µV rms 
O.lpA rms 

SOOOV peak 

IOOOV peak 

11 SdB 
60dB 

±JV 
0.2%@4V p·p 

ukn 

2kHz 
200Hz 

200m s 

(+12 to +28)VDC 
(+9 to +28)VDC 

Current , Quiescent @ + 15 VDC l SmA 

~T_e_m~pe_r_a_tu_r_e_R_a_n_g_e~~~~~~~~~~~~~.._~~O~to~+70°C 
Package Outline H- 1 

Case Dimensio ns J.s" x 2.s" x 1.25" 

Price 
1-9 
10-24 

(l)Sknin any lead o r combinatio n of input leads and shield . 
(2)Protected for Power Supply Reversal 
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$109 
$92 

I µA Safety Current, 5kV Isolation 

Low No ise 
Buffer 

27J 

J K 

IV/V 
O.Ol5 %t°C 

±J % 

Fig. 2 & J 

!0
1 2 n 11 JpF 

1Mnmin I 2Mnmin 
10 1

' n 112o pF 

±SOmV 
IOO µ Vt° C 
20µ V/% 

·50pA 
2x/10°C 
O.lpA/% 

8µV p·p I l 2µV p·p 
NA 

5µ V rms 
O. lpA rms 

400V SOOOV 

IOOOV peak 

115dB 
60dB 

±JV 
0.2%@4V p·p 

ukn 

4kHz 
200Hz 

200ms 

(+12 to +28)VDC 
(+9 to +28)VDC 

lSmA 

Oto+70°C 

H- 1 
J.s" x 2.5" x 1.25 " 

$109 
$92 

Adjustable Gain 
ECG / EEG Inputs 

Lowest No ise 

274} 

I to IOUV/ V 
0 .0 15%t°C 

+0, ·2% 

Fig. 2 & J 

10
12 n 11 JpF 

2M n min 
101 1 n //20pF 

±2 mV 
( l OOG + 200) µ Vt° C 

20µ V/% 

·SOpA 
2x / 10°C 
O. lpA/% 

!6 µ V p· p, I 2µ V p·p(G= 100) 
12µV p·p, 5µ V p·p(G= ! OO) 

5µ V rms 
0. l pA rms 

5000V ( Input #1) 
Depends on Gain (Input #2) 

IOUOV peak 

11SdB(G=1 to I 00) 
60dB(G= 1 to JOO) 

± IOV 
±0.5%@20V p·p 

ukn 

2kHz 
200Hz 

200ms 

+lSVDC 
(+12 to +18)VDC 

SSmA 

Oto+70°C 

H- J 
J .5" x 2.s" x 1.25" 

$12 5 
$99 



GENERAL DESCRIPTION 
Comparators in this group are specialized operational 
amplifiers with differential inputs and two bi-stable states. 
Used to digitize relative amplitude information, these comp
arators become the key element in the analog-to-digital 
conversion process. They are useful as threshold level 
detectors for AID converters, voltage to frequency 
converters, pulse-width modulators and a wide variety of 
square wave and pulse generators. Available with either FET 
or bipolar input stage, they have been optimized for fast 
switching and stable threshold characteristics. 

FET Comparator 

350 

Model A B 

Gain , V IV , min 50,000@1.SkD load 

Rared Output 
Voltage Levels, min ±IOV@7mA or 

c 

+5V@l5mA, uV@20mA 1 

Input Bias Current , max 50pA I 30pA I 30pA 
Avg. vs. Temp 5nA 3nA 3nA

2 

Input Offset Voltage 
Initi al. 25 °C, (adj. to zero), max ±2 mV 

vs. Temp, max 75 I 40 l 25µV/°C 
Input Impedance 

Differential 101 1 
D.//3.5pF 

Common Mode 10
11 

D//3.5pF 
Input Voltage Range 

Safe Differential Voltage ±JOV 
Common Mode Rejection@ ± IOV 60dB 
Common Mode Voltage, min ±lOV 

Response Time 
Switching (0 to SV) IOOns 
Output Delay 5µs 3 

Power Supply 
Positive Voltage (VDC) +(15 to 16)V@3.5mA 
Negative Voltage (VDC) -(1 5 to 16)V@3.5mA 

Temperature Range -25 to +85°C 

Package Outline F- 1 

Case Dimensions LS" x 1.5" x 0.4" 

Price 
1-9 $40 I $50 I $70 
10-24 $38 $48 $67 

COMPARATORS 
MODELS 350, AD351 

MODEL 350 A/B/C: FET COMPARATOR 
Model 350 is a comparator module with high impedance 
with FET inputs, excellent "trip point" stability, fast 
response and logic compatible output. Operating as an open 
loop amplifier with bi-stable output stages, model 350 switch
ing and offset parameters have been optimized for use in DC 
to lOOkHz comparator circuits including level detectors, 
pulse-width modulators and fast reset pulse circuits. Typical 
specifications include 20V/400µV sensitivity at l.5kD load, 
CMR of 60dB at lOV and two output ratings; ±IOV at ±7mA 
(500ns switch time) or 0 to 5 volt swing at 15mA (lOOns 
switch time) when its output limit pin is connected 
for digital logic compatibility. There are three drift options 
available : 75µVJ°C (A), 40µVJ°C (B), and 25µVJ°C (C). 

MODEL AD351 J/K/S 
Model AD351 is a high performance monolithic 
comparator which includes additional front end circuitry, 
usually added externally with other IC designs, to achieve 
low bias and offset currents with high input impedance. 
Although its speed is modestly reduced by incorporating 
these user conveniences, AD 3 51 fulfills the need for a high 
speed comparator for a wide range of applications including 
zero-crossing detectors, threshold detectors and window 
comparators. Typical specifications include 84dB gain, 
250nA bias, CMR of 70dB at ±IOV and 1 to 7 volt output 
swing (400ns switch time) with lOkD output impedance. 

Monolithic Comparator 

351 

J K s 

15 ,000 

+7V @ no load to 
+IV@2mA 

250nA 
-4nAl°C 

±6mV 
20 I 5 I IOµV /°C 

IOMD.//4pF 
IOMD//4pF 

±30V 
70dB min ( 5V output) 

±IOV 

400ns 
250ns (2. 5V output) 

+(7 to 18)V@2.5mA 
-18V max@O.SmA 

0 to +70°C p to +70°C f55 to+l25°C 

T0- 100 
-

$11.70 I $18 I $24 
$11.70 $18 $24 

(I )+SV, OV reduced swing using limit connection of 350 . 
(2)Toral drift - 25 to +85°C. 

(3)1nput overdrive of IOmV . 
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OPEN LOOP PERFORMANCE CHARACTERISTICS 
GENERAL PURPOSE- MODERATE PERFORMANCE 
MODELS 118, 119--
AD741 J/K/L/S -----

0 -
10° 101 102 1c3 10

4 uf' 106 107 108 109 1010 

FR EQUENCY - Hz 

AD201, AD301AL---

GENERAL PURPOSE FET LOW BIAS, HIGH Z. 
1n 

MODEL 146----
AD503, AD511, AD540J----

,.o~~~-~~~ 

WIDE BANDWIDTH-FAST SETTLING 
MODELS 44, 45---
MODEL 48 - - - - - - - -- · 
MODEL46--------
MODEL 50 • • • • • • • • • • • • • • • • • · MODEL 120-----

m 12oi==is:;;::::j::::--.,!..._ 

1' 
Z 100 
;; 
Cl BO>---+--t--+---'<--+'-
w 

~ 60f--t--+---jf-----t--

!:; 
0 40f--t--+---jf--t--+ 
> 

0
101 10° 101 102 1c3 104 1c5 1rf 107 108 10

9 

rREOUENCY - H z 

LOW VOLTAGE DRIFT-CHOPPER STABILIZED 

MODELS 210, 211---

1 1 

I I 

1 I 
103 10 7 101 10° 101 107 10

3 10
4 

10"' 10
6 

10' 

FREQUENCY Hz 
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MODELS 231, 233--
MODEL 234----------

AD208, AD208A----

140 f--t---t-+--+--+--+--t---+----t---1 

20
101 10° 101 102 1c3 104 1rl' 106 107 108 10

9 

FREQUEN CY - H z 

AD507-----

AD505- - - - - - -

o~--+-~~~~u~ 

101 10° 101 102 ,rr 104 1c5 10
6 

10
1 108 109 

FR EQUENCY H z 

FREQU ENCY H z 



LOW VOLTAGE DRIFT-DIFFERENTIAL INPUT, HIGH CMRR 
MODEL 153-- Vs= ±2.7V 

MODEL 153 _____ Vs= ± l 5V 
MODEL180-----------
MODEL 184--------
160~ 

ELECTROMETER- ULTRA LOW BIAS CURRENT 
MODEL41 -------
MODEL 42 ----- -----

140 

!g i2c.·-----------------...... .. 

~ 10 ........ \, 

" \ UJ 80 \ 

" ~ 60 

0 > 40 

20 

100 101 102 )3 104 

FREQUENCY Hz 

MODELS 310, 311----

14 0>---.... "- t-

~ 120· 

~100· .. 
" w 80· 

" ~ 60· 

~ 4 0• +-

201 -+ + 

0,7 102 1~ 1 10° 10 1 102 1<f 104 

FREQUENCY H 2 

HIGH OUTPUT VOLTAGE, CURRENT 
MODEL171 ____________ _ 

MODELS 163, 165----

'60 

140 

INSTRUMENTATION 
MODEL 602 ---- --

MODEL603·---- - ----
1401 

120 

100 

80 

G•1000 

60 ····-···-···-···· .. 
40~G-100 ••, 

20~'· 
o-----~.:~ ••... - .....•..•• ~ 

20
10° 10

1 
102 10'' 104 10"' 106 10' 

FREQUENCY Hz 

AD512 

:::a=1 ~: 
r f 

T 

+ 

: ::: t-+ + 1 ~ 80 -f j 
+ 

;: 60 + 
0 > 4 0 

(_ 
102 1cri 10

4 
1rl' 10

6 
10

7 

FREQUENCY Hz 

MODEL605 
1401T -

120 ~ -+ + + 
100~ 
80~ 

FREQUENCY Hz 

T 

t 
+ 

+ 

108 io9 1010 

T 

601 

4 ( 

20 + 

~..L__i 

,er 104 ,rr 1rP 101 108 109 1010 

FREQUENCY H"z 

AD523---------
1601 

+ 

!g120 +- + 

~100 __.___ .. 
" "' 80 

" ~ 60 +-

~ 40 

20t + 

10° 101 10= ,rr 104 

FREQUENCY Hz 

I 
J 

10 106 107 

ISOLATION 
MODEL272-----------
MODEL 273 ------------

MODEL 274 --------,,o 

100 

"' "9 80 

z 
;;: 60 

" ~ 40 •••••••••• .. .. .... .. 
.....I 20 •• 

0 •• 

-- . ". 
?' o~ __ \ 

20 ....... 

40 
10 1( 1( 4 H m6 u/ )R 

FREQUENCY H 2 

AD520----------------
14 0 

120. +-

!g 100 

~ 80 .. 

+ + 

~ 
60 
__ G~·1=00~0 __ 

" ~ 4 0 __ ~G·~100~--.. '\. 

§! 20--~G~·10~--

2: -l -'--": =G· 1 ~- _____.~ 
10° 101 102 103 104 105 106 101 108 

FREQUENCY Hz 

+ 

+ 
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CONVERTER PRODUCTS 

HOW CONVERTER PRODUCTS ARE CLASSIFIED 
The converter products in this catalog are divided into four 
major classes: 

1. Digital-to -Analog Converters in which the analog output 
voltage or current is generated in accordance with a digital 
input data word. For co nvenience in selection , d la con
verters are subdivided into th e following categories: 

• Low Cost , General Purpose 
• High Perfor mance , General Purpose 
• Fast, Display, very high speed fixed reference 

co nverters , of the types most frequently used for spot 
position contro l in CRT displays, and for co rt
struction of very fast A I D converters. 

• High Resolutio n, converters with 16 bit resolution, having 
linearity and stability appropriate for true 16 bit 
performance. 

• Multiplying , D I A converters designed for AC or varying 
DC reference, rather than for fixed internal or 
external reference. 

• Military Grade, converters specifically designed for 
o peration in the military environment . 

In addition , most DAC's are available with either current 
output - at very high speed - or voltage output , with the 
added delay of an internal operational amplifier. Voltage
output DAC's are the most convenient to use and , with the 
exception of those designed specifically for high speed, will 
serve in all but those applications calling for µs and sub-µs 
settling times . Current-output DAC's are used in applications 
where high speed is more essential than stiff voltage output, 
such as in circuits with comparators (e.g. , A I D converters) , 
or where fast amplification is to be provided externally 
(e.g., CRT deflection amplifiers) . 

2. Analog-to-Digital Converters in which a digital output is gen
erated that is proportional to the value of the analog input sig
nal. AID converters are subdivided into the following categories: 

• Low Cost, General Purpose 
• High Performance, General Purpose 
• Dual Slope Converters, particularly well suited for ap

plications where the in'put signal contains significant 
power line noise 

Fast Converters, with a total conversion time of 3.5µs 
• or less 

High Resolution Converters, offering true state-of-the-art 
• performance in an AID converter with 16 bit resolution 

and accuracy 
Low Power Converters, intended specifically for remote or 

• portable operation from batteries 
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Three analog-to-digital conversion techniques are represented 
in Analog Devices ' AID converters . In general, the counter
comparator or staircase technique permits the building of a 
very inexpensive converter; the dual slope integrating approach 
offers excellent rejection of power line noise; and the succes
sive approximation technique is the best choice where moder
ate to high speed is required. 

3. Multiplexers, which are high speed analog switches that pro
vide the capability of sharing a single DIA or AID converter 
among a number of analog input or output channels . 

4 . Sample and Hold Amplifiers which acquire and track a sig
nal that may be varying with time and, upon command , hold 
the value as of a given time constant so that it can be processed 
accurately by following circuits (usually AID converters). 
Several types are available, which have primary features rang
ing from low cost to high speed, to very high accuracy. 

Other devices frequently used as accessories in conversion sub
systems may be found in other sections of this product guide. 
These include power supplies, isolation amplifiers, instrumen
tation amplifiers, analog multipliers , and operational amplifiers 
for buffer or signal conditioning service. µDAC IC quad and 
quint switches and thin film resistor networks may be used for 
construction of precision DI A and AID converters . 

HOW TO SELECT CONVERTERS 
The very large number of co nverter products ava ilable in 
the marketplace can overwhelm even an experienced engi
neer faced with the problem of selecting a device for a . 
given appl ication. Interpretatio n of the specifications adds 
another dimension to the task, which is further co mplicated 
by the virtual absence of standardized specification 
definitions among the manufacturers. 

Only two basic factors hold the key to selecting the right 
device: 

A. A complete definition of the design objectives. 
Factors such as signal levels , accuracy required , through
put rate, a detailed knowledge of the signal and control 
interface, environmental conditions and several others 
must be well defined before selection can be effectively 
undertaken. 

B. A firm understanding of what the manufacturer means 
by his set of specifications. It should not be assumed 
that any two manufacturers mean the same thing when 
they publish identical numbers defining a given para
meter. In most cases, the manufacturer has honestl y 
attempted to provide accurate information about his 



product. That information must be interpreted, how
ever, in terms meaningful to the user 's requirements, 
and this requires a knowledge of how the t erms are 
defi ned . 

Application Checklist 
The designer will generally require specific information in 
the fo llowing categories, before proceeding to the selectio n 
process: 

A. Accurate description of input and output 

1. analog signal range and source or load impedance 

2 . digital code needed - binary , offset binary , 2 's 
com plement , BCD , etc . 

3. logic level system, i.e., TTL/DTL compatible 

B. What is the needed data throughput rate? 

C. What are the control interface detai ls? 

D. What does the system error budget allow for the 
converter? 

E. What are environmental conditions - temperature 
range, time, supply vo ltage - over which the converter 
should o perate to the desired accuracy? 

Considerations For DIA Converters 
A designer faced with the need to select a dla converter for 
a specific applicat ion should usuall y give consideration to 
each of the fo llowing application details . 

A. What resolution is needed? How many bits (8, 10, 12 or 
other) make up the data word that will be contro lling 
the DAC? Must the DAC be monotonic? 

B. What logic levels and logic codes can be provided by the 
equipment that will o perate the DAC?The most popular 
logic system is TTL, and the most freq uent ly used codes 
are binary , offset binary, two's complement , binary
coded decimal , and their complements . 

C. What kind of output signal from the DAC is needed for 
the system, a current or a vo ltage? What is the desired 
full scale range? 

D. What are the speed requirements?What is likely to be the 
shortest time between data changes going into the DAC? 
After a change in the digital input data, how long can 
the system wait for the output signal of the DAC to 
settle to the desired accuracy? 

E. Over how w ide a tem perature range (at the module) must 
the converter o perate?Over how much of this ra nge must 
the converter perform essentia ll y within its specifications 
witho ut readj ustment? 

F. How stable are the terminal vo ltages of t he power 
supplies that will be used fo r powering the DAC:' Is the 
power supp ly sensitivity spec ificati on adequate to ho ld 
errors from t his source to reasonable lim its? 

These considerations are typical of those in volved in t he 
applicatio n of most converters. 

Considerations For AID Converters 
The process of selecting an AID co nverter is very simi lar to 
that invo lved in the selection of DI A converters. The 
fo llowing consideratio ns are typical. 

A. What is the analog input voltage range , and to what 
resol ution must the signal be measured? 

B. What is the requirement for linearity error (or relative 
accuracy error)? 

C. To what extent must t he vario us so urces of error be 
minimized as environmental temperature changes? 

D. How much time can be allowed in the system for each 
complete co nversio n? 

E. How stable is the system power su ppl y? What errors will 
resu lt from power supply term inal voltage variations of 
this order? 

F. ls monotonicity important to this ap plicatio n , or can the 
system to lerate a few missed codes (out of 4096 total 
true codes in a 12 bit ADC, for instance) . Pl ease note t he 
discussion of monotonicity in t he sectio n o n 
Definitions of Specifications. 

G . What is the character of the input signal? Is it noisy, 
sampled , filtered, rapidly-varyi ng, slowly-varying? What 
kind of pre-processing is to be (or can be) done that will 
affect the choice (and cost) of the converter? 

Considerations For Multiplexers And Sample-And-Holds 
When a sampled data system is to be assemb led, in w hi ch we 
will time-share one A I D converter amo ng many input 
channels by using a multiplexer and a sample and hold , it is 
important to consider the impact of t hese accessory devices 
on the system performance. 

Multiplexers 
A. How many input channels are needed? 

B. ls each channel single-ended or differential? 

C. What kind of channel address selection code is used? 

D. When switching from one channel to another , how 
much time is needed for settling to the desired accuracy? 

E. What error is produced by the leakage current passing 
t hrough the so urce resistance? 
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F. If the signals are AC, how much error is produced by 
crosstalk between channels? 

G . Is there any danger of damage to active signal sources 
when power is turned off? MOSFET multiplexers are 
inherently "safe," since the switches open when power 
is removed. J-FET multiplexers usually close when 
power is removed, making it possible to interconnect , 
and therefore damage, active signal sources. (The 
MPX-8A uses MOSFETS as switches.) 

H. What will be the dynamic range of signals feeding into 
the multiplexer? 

l. Is it desirable to be completely flexible regarding 
channel switching rate - even to the point of 
allowing the system to be stopped on o ne channel, 
for test and calibration purposes? 

J. What will be the multiplexer transfer error (error pro
duced by voltage division of the "On" resistance of 
a channel feeding into the input resistance of the 
following sample and hold)? 

Sample-and-Hold Amplifiers 
A. What is the nonlinearit y? 

B. Considering the slewing rate of the signa l, or the 
desired channel switching rate of the preceding multi
plexer, how much time is avai lab le for acquiring the 
signal in the sample and hold? 

C. What is the error component produced by input bias 
current passi ng through the source resistance (so urce 
resistance includes signal source resistance and the 
maximum "On" resistance of the multiplexer switch)? 

D. What is the offset drift error (the offset temperature 
coefficient multiplied by the anticipated deviation of 
temperature)? 

E. What is the offset error due to variation in the terminal 
voltage of the power supply we expect to provide? 

In additio n to the above error sources, there exists an uncer
tainty due to the aperture delay jitter. That is, in a sample 
and hold with a given aperture time (e.g. 40ns) there usually 
exists an aperture time uncertainty (or jitter) of perhaps 
5 ns peak. The effect of aperture time is considered to be a 
correctable factor, since it is comparable to a delay in the 
sam ple-to-hold switching operation. The jitter cannot be 
compensated, however, and a Sns jitter applied to a signal 
slewi ng at, say, 1 V/µs produces a n uncertainty of SmV. Since 
this uncertainty is directly proportional to signal slewing 
rate, it can be anticipated by thorough knowledge of the 
nature of the input signals. 
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INITIAL SELECTION CRITERIA FOR SYSTEM 
COMPONENTS 
It seems that the most economical process for selection of 
appropriate components to meet a system requirement will 
probably be a method of successive approximations: make 
an arbitrary choice, and run through a complete error 
analysis to check the adequacy. Where the error analysis 
demonstrates either performance far in excess of need (there
fore possibly unnecessarily costly) or inadequate accuracy 
or stability, make a new choice and run through the error 
analysis once again. 

In practice, the usu al engineering criterion ·appears to work: 
for a multi-component system, choose each component to be 
roughly ten times better than desired in the final system. 
Thus, for a system of the 0.1 % desired maximum error class, 
use a 0.01% converter (12 bits) with compatib le multiplexer 
and sample and hold. As you will see in the typical system 
error analysis that follows, this ap proach leads to quite 
acceptable system errors. 

THE SELECTION PROCESS 
To best illustrate the complete selection process for a con
verter product , we have created a hypothetical situation. 
With this approach, o ne can more easily understand speci
fication usage and appli cability to a given problem. 

The Problem 
A computer data acquisition system is to be built to process 
data from a number of strain gages. Signal conditio ning 
hardware, to be purchased with the gages, delivers ±lOVFS 
signals from 10 ohm sources. Signal channels must be 
sequentially scanned in no more than 5 Oµs per channel. 
Maximum allowable error of the system is approximately 
0 .1 % of FS. System logic is to be TTL, and hardware may 
work in either binary or two 's complement code . Parallel 
data readout will be used. 

Probable temperature ra nge in the equipment cabinets 
(including equipment temperature rise) is +zs ° C to +s S0 C. 
Sufficient ±15V and +sv power is available, but the 
±lSV has regulation of only 150mV. What converter 
products should be chosen? 

First Approximation 
Since desired accuracy is about 0.1 % for the system, we 
first choose an A/D converter with 12-bit resolution 
(0.01 % = 'hLSB). Reviewing the available ADC's, we find 
the ADC-12QM to be a possible choice . Since it is packaged in 
a small 2" x 4" x 0 .4" module, it can be conveniently incor
porated in a compact subsystem. 

The ADC-12QM completes a conversion in 25µs and, 
since it is felt that a sample and hold is necessary, the 



SHA- lA module is chosen because it is compatible and it 
has settling time of 5µs. Thus, the combination of 
ADC- 12QM and SHA- 1 A will operate in 30µs safely with
in our limit of 50µs per channel for the system . 

Since multiplexer scanning will be sequential, we won 't be 
concerned about settling time when channels are switched. 
The multiplexer can be switched to the next address as 
soon as the SHA goes into "hold" on data fro m the current 
address . Thus it has a quite adequate 30µs to settle before 
a measurement is called for. For convenience, we' ll use the 
MPX-8A as the multiplexer; the small module package fits 
into the packaging concept, and the built-in complete 
binary address decoding makes it very easy to work with. 

Error Analysis 
It's clear that the MPX-8A , the SHA-IA and the 
ADC-12QM generally meet the problem's requirements for 
speed and resolution . Now we must loo k further into the 
details of errors , to determine if the wo rst case situation is 
within the allowable 0 .1 % system error. 

Error Analysis of MPX-8A Multiplexer 
MPX-8A multiplexer , being a MOSFET circuit , is not sub
ject to voltage offset errors. Errors here will be due to two 
factors: 

l. Leakage current into the "ON" channel across the 
source impedance. 

Leakage current @ 25 °C = lOnA 
So urce impedance= 10 o hms 
Error vo ltage= 10 x 10- 8 = 10- 7 V or 

O.Olppm for a lOVFS signal 
(certainly can be neglected) 

2. Transfer error due to voltage division across MOSFET 
"ON " resistance and input impedance of SHA- 1 A. 

ON resistance= 1000 o hms max 
SHA-IA RJN = 10 12 o hms 

EouT = 10 12 10 12 109 

E1N 10 12 +10 3 10 3(10 9 +1) 109+1 

Transfer error ~lppm 

Error Analysis of SHA- 1 A Sample and Hold 
l. Total throughput nonlinearity is 2mV over 20V range , or 
0 .01 %. 

2. Gain erro r of - 0.05 % max and other gain errors in the 
system (if small) may be co mpensated fo r overall when 
calibrating the system by setting of the Gain of ADC ; not 
co nsidered in this system 's error budget . 

3. Input bias current of 1 nA (typical) causes an offset error 

voltage in the source resista nce. 

Source resistance equals sum of " ON " resista nce of 
MPX-8A and signal source resistance: 1010 ohms total 
Offset error = l.Olx10 3 xl0-9 = l.Olxl0- 6 V 
out of lOVFS , or 0.lppm . 

4 . Offset vs temp= 25µV J° C. 
Our housing temperature may change by 30° C. 
Offset error= 25µV x 30 = 750µV out of lOV , 
or 0 .0075 %. 

5. Offset vs Supply= lOOµV /% . 

Supply may move 150mV our of 15V, or 1 %. 
Offset error is therefore lOOµV out of lOV, 0.001 %. 

By an analysis similar to the above, we would normally also 
prepare a system timing diagram , and assign operating time 
and settling time all owances . However, the co mponents 
selected for this example allow several times mo re sett ling 
time than needed for 0 .01 % o peratio n, co nsequentl y we can 
overlook the need for a fo rmal timing analysi s to det ermine 
whether settling times are adequate. 

Error Analysis of ADC- 1 ZQM AID Converter 
1. Linearity error (relative accuracy) 'h LSB or 0 .01 % 

2 . Quantizing uncertainty ; V2 LSB or 0 .01 %. This is a 
resolution limitation, not considered in the error budget . 

3. Temperature errors: 

a) Gain Tempco 5ppm/°C fo r o ur 30°C poss ibl e shi ft ; 
150ppm total 
Ga in error : 150ppm or 0 .015 % 
b) Zero Tempco 5ppml°C 
Zero error: 0 .015 % 

4 . Power supply sensitivity error 
Sens= 0.002%/%. Po wer supply may mo ve 1 %, 
therefore PS error = 0 .002% 

In conclusion, the foll owing is a summary of the significant 
so urces of error in the system : 

SHA linearity erro r 0.01 % 
SHA o ffset vs t emp erro r 0.0075 % 
SHA suppl y offset erro r 0.001 % 
ADC linearit y erro r 0 .01 % 
ADC gain tempco erro r 0.015 % 
ADC zero tempco error 0.015 % 
ADC supply offset erro r 0.002% 
Worst case sum of all errors : ~ 0 .06% 
Sq uare roo t of sum of squares: ~ 0.03 % 

Since these values are certainl y reaso nable for a syst em with 
specification error of 0 .1 %, we should be satisfied t hat we 
have made reaso nable cho ices in co mpo nents. 
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DEFINITION OF SPECIFICATIONS 

Absolute Accuracy 
When the full scale point is adjusted on a converter, it will 
be set with respect to a reference voltage which , in turn, 
is referenced to the NBS voltage standard. The absolute 
accuracy of the converter is then the tolerance of the full 
scale set point referenced to the NBS standard. 

Acquisition Time 
The acquisition time of a sample and hold circuit is the time 
it takes to acquire the input signal to the given accuracy. 
Specifications on acquisition time given in Analog Devices' 
data sheets include the settling time of the output a mplifier. 
Some manufact urers do not include settling time of the 
o utput amplifier when specifying acquisition time. 

Aperture Time 
This is the time it takes in a sample and hold circuit, for the 
switch to open after the contro l command has been given. 
In a good SHA , this should not exceed SOns delay, 
including lOns uncertainty. 

Common-Mode Range 
Common-mode rejection usually varies with the magnitude 
of the common-mode plus the differential (or "normal" 
mode) voltage applied to an amplifier. Common-mode range 
is that range of total input voltage over which optimum 
common-mode rejection is maintained . In good operational 
am plifiers, the common mode range is usuall y of the order 
of ±lOV. 

Common Mode Rejection (CMR) 
The abil it y of an amplifier to reject the effect of voltage 
applied to both input terminals simultaneously. Usually 
expressed as the log of a "common-mode rejection ratio," 
i.e . 1,000,000 :1 (CMRR) or 120dB (CMR). A CMRR of 
1,000,000 to 1 means that a 1 V common-mode voltage 
passes through the am plifier as though it were a 
differential signa l of one microvolt at the input. 

Common-Mode Voltage 
An undesirable signal picked up in a transmission line by both 
wires making up the circuit, with reference to an arbitrary 
"ground ." Amplifiers differ in their ability to am plify a 
desired signal accurately in the presence of a common-mode 
voltage. 

Conversion Time 
The time required for a complete measurement by an 
analog-to-digital converter is called conversion time. In 
successive approximations converters, conversion times 
are available between 1.0µs for the 8 bit version of the ADC1103 
and 400µse c (for the ADC-16Q). The most popular general 
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purpose A I D converters, like the ADC-12QM, have 
conversion time of abo ut 25 µs. 

Crosstalk 
Leakage of signals between circuits or channels of a multi
channel system or device, such as a multiplexer. Crosstalk is 
usuall y determined by the impedance parameters of the 
physical circuit, and actual values are freq uency-dependent. 

Deglitcher 
When a DIA increases or decreases the in put code by small 
changes, it passes through what is known as major and 
minor transitions . The maj or transition is at half-scale, when 
the DI A switches aro und the MSB , and all switches change 
state, i.e., 01111111 to 10000000. If the switches are faster 
to switch off than on, this mea ns that, for a short time, the 
DIA will give a zero output and then return to the required 
1 LSB above the previous reading. This large transient 
spike is commonly known as a "glitch ," and hence , a 
"deglitcher" is a device which removes these glit ches . It 
normally consists of a hold-sample circuit which ho lds the 
output constant until the switches reach equilibrium. 

'"""" --=:,---~---~-=--~---;- -. - ·- - - -- - - - - ---
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WITH IDEAL DEGLITCHER 
GLITCH 

Differential Linearity 
In a digital converter, differential linearity describes the 
variation in size of adjacent steps over the full range of the 
circu it , or the closeness o f each individual step to the 
ideal 1 LSB. A differential nonlinearity of more than 1 LSB 
may result in a non-monotonic DI A co nverter or missed 
codes in an A I D converter. 

Droop Rate 
When a sample-and-hold circuit using a capacitor for storage 
is in hold , it will not hold the information forever; droop 
rate is the rate at which the output voltage changes and, 
hence, loses the information. In practice , when using a SHA 
ahead of an ADC, the SHA should not droop more than 
0 .1 LSB during the conversion time of the ADC. 

Dual-Slope Converter 
An integrating analog-to-digita l co nverter in which the 
unknown signal is converted to a proportional time interval, 
which is then measured digitally. This is done by integrating 
the unkno·wn for a predetermined time. Then a reference 
input is switched to the integrator, and integrates " down" 



from the level determined by the unknown until a "zero" 
level is reached. The time for the second integration process 
is proportional to the average of the unknown signal level 
over the predetermined integrating period. A digital time 
interval meter (i.e ., counter) is generally used as the output 
indicator. 

INTEGRATOR 
OUTPUT 

Four-Quadrant 

SIGNAL INTEGRATE 
TIME 

REFERENCE INTEGRATE 
TIME 

In a multiplying DAC, "four-quadrant" refers to the fact 
that both the reference signal and the number represented 
by the input may be bipolar. A four-quadrant multiplier 
is expected to obey multiplication rules for algebraic sign. 

Feed through 
A term referring to that characteristic of a circuit or device 
manifested by undesirable signal leakage around switches 
or other devices that are supposed to be turned off or 
provide isolation. 

Gain Adjustment 
The "gain" of a converter is that analog scale factor setting 
that provides the nominal conversio n relationship, e.g. lOV 

full scale. 

Hold-to-Sample Transient 
In a sample-and-hold amplifier, a switching transient usually 
occurs when switching from "HOLD" to "SAMPLE" modes. 
Such transients effectively slow the process of settling-in 
on the desired signal. 

Least Significant Bit (LSB) 
In a system in which a numerical magnitude is represented 
by a series of binary (i .e., two-valued) digits, the " least 
significant bit" is that digit (or "bit") that carries the 
smallest value or weight. For example, in the natural binary 
number 1101 (decimal 13, or 2 3 + 2 2 +o+1), the rightmost 
"1 " is the LSB. 

Linearity 
The conventional definition for nonlinearity of a device is 
the deviation from a "best straight line. " This means that 
to determine whether a device meets the stated linearity 
specification, the 'shape' of the nonlinearity and the 
magnitude have to be known so that the end points (e.g., 

the zero and full scale points for a unipolar converter) can 
be offset by a "best" amount to minimize linearity error. 

VOLTAGE 

BEST STRAIGHT LINE 

CODE 

As this definition is totally impractical for users of converters, 
we define nonlinearity as follows: the nonlinearity is the 
deviation from a straight line drawn between the end 
points as calibrated by a normal adjustment procedure. As 
shown in the figure , it is more co nservative than the "best 
straight line" definition, since if all errors are of the same 
polarity, they may only be half as great. 

VOLTAGE 

CODE 

The user of the converter now needs only to set the two end 
points to measure the linearity. The normal limit that is 
used for a good converter is ±Yi LSB (least significant bit). 
This then means that the sum of positive errors or the sum 
of the negative errors of the individual bits must not 
exceed YiLSB , which means further that, the errors of the 
bits themselves, must be considerably less than Yi LSB. 

For the higher resolution converters (14 and 16 bits) , Analog 
computes and plots the nonlinearity for every code , to 
ensure that the converter meets our specification before 
shipment. 

Line Regulation 
Load Regulation 
Stability parameters of a power supply: the variation of 
output voltage as a fraction of changes in input line voltage 
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or load current. These are amo ng the most important 
specifications of a regulated supply. Regulation is often 
specified in terms of change in output (in either% or volts) 
per incremental change in line voltage or load current 
(in either % or act ual change). 

Monotonic 
A monotonic DIA or AID converter never has its output 
decrease in response to an increasing input stimulus (or vice 
versa) . In high-speed converters, it is not especially hard to 
produce a monoto nic design over limited temperature 
ranges. In order to be monotonic over very wide 
temperature ra nges, error components of DAC switches 
and resistor networks must track each other very closely 
wit h temperature change. In ADC's, the counterpart of 
non -monotonic behavior is the "missed code," which is 
produ ced when a transition from o ne qu antum of the analog 
range to the adjacent one does not result in the adjacent 
digital code, but in o ne removed by o ne or more counts. 
Monotonic behavior in high-reso lution conversion over 
wide temperature ranges is not easy to acco mplish at the 
present state of the afr; consequently, converters like the 
ADC- QM , which are monotonic from 0° C to +70°C, 
at reasonable cost , are not co mmonl y seen in the industry. 
Integrating converters, such as the ADC-I, are inherently 
monotonic ; AID converters of this class are a lso 
inherently slow (usually more than 35ms for a full 
co nversion) . 

Most Significant Bit (MS B) 
In a system in which a numerical magnitude is represented 
by a series of binary ( i.e., two-valued) digits, the " most 
significant bit" is that digit (or "bit ") that carries the largest 
value o r weight. For example, in the natura l binary number 
1101(decimal13 , or 2 3 +2 2 +0+1), the leftmost "l" is 
the MSB , with a weight of zn - i , or 8. 

Mul tiplying DAC 
A multiplying DAC differs from Lhe conventional fixed
reference DAC in being designed to operate with varying 
(or AC) reference signals. The output signal of such a DAC 
is proportional to the product of the reference voltage 
and the fractional equivalent of the digital input number. 

Noise, Peak 
Peak: The peak noise output of a DAC being an analog signal, 
can be an important consideration, especially in high 
reso lution DACs, such as the DAC-14QM and DAC-16QM. 
The reso lution is not confidently ass ignable when the peak 
noise exceeds the LSB value for a reasonable bandwidth . 
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For an ADC, input circuit noise may impart statistical 
properties to the input numbers and require additional pro
cessing for successful interpretation. 

Noise, R MS 
RMS : For Gaussian noise, the RMS noise should be o ne
seventh of the specified peak-to-peak noise, for less than 0.1 % 
probab ilit y of encountering greater noise peaks. Both specs 
should be looked at very carefull y, as large spikes could be 
present o n the o utput from a chopper-stabilized amplifier 
(or coupled into the system). These spikes will contr ibute 
very little to driving the RMS no ise out of spec, but could 
nevertheless be of considerable amplitude. If such a DAC is 
used in a display system, the noise will cause distortio n of 
the pattern and hence, loss of useful resolution. 

Offset 
For almost all bipolar co nverters (e.g., ±10 vo lts out put) 
instead of actuall y generating negative currents to 

correspond to negative numbers, a unipolar DAC is used , 
and the output is offset by half full scale (lMSB). For best 
results , this offset voltage or current is derived from the 
same reference supply that determines the gain of the 
converter. 

This makes the zero point of the converter independent 
of thermal drift of the reference. This is because the 
'h scale offset completely cancels the weight of the MSB at 
zero, independently of the amplitude of both . 

TRANSFER CHARACTERISTICS 

"ON" Resistance 
" ON" resistance of a device such as a FET, when used as a 
switch performing a function (such as multiplexing), refers 
to the ohmic resistance while turned on. For multiplexer 
service, a few hundred ohms or less will usually provide 
adequate accuracy. For other switching service, such as in a 
DAC, values of 10 o hms or less are desirable . 



Power Supply Sensit ivity 
The sensitivit y of a co nverter to changes in th e power 
suppli es is normall y ex pressed in t erms of percenrage change 
in analog val ue (D IA output, AID input ) fo r a o ne percent 
change in power suppl y; e.g. 0.05 %1% change in read ing per 
vo lt change in po wer suppl y . For all goo d co nverters, t he 
fract io nal change in read ing sho uld no t be more t han t he % 
equiva lent of ±Y2 LSB at ful l scale fo r a 3% change in power 
supp-l y. 

Wh en power suppl y vo ltage cha nges affect co nvers io n 
accu racy excessively, the trouble can usuall y be traced to a 
marginal "co nstant-current " ci rcui t design fo r th e reference 
zener diode. 

Quan tizing Uncertainty (or "Error") 
The a na log co ntinuum is part itio ned into 211 discrete ranges 
for n-b it co nversio n. All a nalog values within a given ra nge 
are represented b y t he same d ig ita l co de, usuall y ass igned to 
t he nom inal midrange val ue. T here is, therefore, an 
inherent qu anti zatio n un certa int y of ±'h LSB , in addit ion to 
t he actual co nversio n errors. 

Rela tive Accuracy 
Re lative accuracy (error ) is t he difference between a vo ltage 
o th er th a n fu ll scale, and its no m inal value as a frac tion of 
actual full scale (rather t han a n arb itrary standard). Th is 
error will be dependent o n the li nearit y of the convert er. 

Settling T ime 
This is the time it takes fo r a OAC to sett le fo r a fu ll scale 
change, usu all y to within ±'h LSB. Fo r exam ple, fo r t he 
DAC- 12QS, the settling time is speci fied as 5µ s max, whi ch 
is t he t ime fo r a 0 to + 10 vo lt change and sett ling to 
<±0.012 % ('h LSB of 12 bi ts) . Another very important 
settling time characteristic is the sett ling time of a single 
LSB change, fo r example , in digital sweep ge neratio n. 

Slew Rate (or Slewing Rate) 
Slew ra te in an o perati o nal amplifier is a limitati on in t he 
rat e of change of output voltage, usuall y imposed by 
some basic circu it co nsidera tio n, such as limited current to 
charge a capac ito r. Ampli fiers wit h slew rat e of a fe w 
vo ltslµ s are co mmo n, a nd moderate in cost. Slew rates 
greater t han about 75 vo lts lµ s are usuall y seen o nl y in more 
so phisticated (and expensive) d evices. The o utpu t slewing 
speed of a modern DI A converter is usuall y lim ited by the 
slew rate of the amp·li fie r used at its o utpu t. 

Stabil ity 
Stabi li ty of a co nverter usua lly applies to t he insensitivit y 
of its characterist ics wi t h t ime, tempera tu re, etc. All 
measureme nts of stab ili ty are d iff icul t and t ime co nsuming, 

but stabi lity vs. tempera ture is suff icient ly criti ca l in most 
app licatio ns to warra nt uni versal Lnclusio n in tab les of 
specificatio ns. (See " Temperature Coeff ic ient.") 

Staircase 
A waveform having the appearance of a stai rcase . 

v 
TIME 

A very sim ple A I D co nverter, of low cost, can be b uil t 
ut il izi ng a staircase fro m a DAC, (ge nerat ed b y a d igi ta l 
co unt at its inpu t) for co mpar iso n wi t h the unknown 
inp ut. Th e A DC-SS is a co nvert ~r of t hi s t y pe. 

Successive A pproximatio ns 
Su ccessive app rox imat io ns is a high speed m ethod of co mpar
ing an unk no wn aga inst a gro up of weighted refe ren ces . The 
o perati on of a successive approx imat io ns A I D co nvert er is 
ge nerall y similar to t he o rd erl y weighing of a n unkno wn 
qu antit y o n a prec ision chemical ba lance, using a set of 
weights su ch as: 1 gram , l 12 gram , l 14 gram, l 18 gram , 
1116 gram , etc. 

Switching T ime 
In a DAC, t he switching ti me is t he ti me it ta kes fo r t he 
switch to change from one state to the o the r ("delay time " 
plus "r ise time" fro m 10%-90 %), bu t does not in clude 
settling tim e, e.g . to < ±'h LSB . 

Temperatu re Coefficient 
Gain : Th e gain of all co nverters wi ll change wit h tempera
ture du e to two mai n causes. 

a) T he reference zener itself wi ll have a t emperat ure 
coefficient . A good zener will have a TC of < 5ppml 0 C. 
b) T he reference ci rcuitry and switc hes w ill add abo ut 
ano ther 3ppm!° C max in very good conve rte rs . The total 
ga in change wit h tem perature will th en be spec if ied as x 
parts per mil lio n change per 0 C. 

Unipo lar Zero: The temperature stab ili ty of a u nipo lar DAC 
is almost entirely du e to t he voltage zero stabilit y of the 
outpu t ampli fie r. As t he out pu t am plifie rs are normal ly 
curre nt-to-vo ltage co nverters, t hey are always running at a 
vo ltage gain not too diffe rent fro m unit y, hence, the 
un ipo lar DAC zero T.C. can be expressed in µ V l°C and wi ll 
be ind ependent of gai n setti ng, i.e., 0- 5V o r 0 - l OV. 
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For an ADC, si milar arguments appl y, a nd its T .C. is 
dependent on ly on the voltage zero stabilit y of the input 
buffer and co mparator and , again , is usu ally expressed in 
µV /°C (of input). 

Bipo lar Offset: The temperature coefficient of the minus 
full scale po int or offset of a b ipolar converter is 
dependent o n three variab les: 

1) The T .C. of the zener reference diode 
2) The vo ltage zero stability of the output am plifier or 
input buffer a nd com parator 
3) The tracking capabil ity of the bipolar-offset resistors 
and the gain resistors . 

The temperature coefficient of th e minus full scale point will 
be specified in ppm/°C o n the above specificatio ns, si nce 
that is t he normal "all-DAC-switches-off' point. 

Transfer Accuracy 
R efers to t he loss of accuracy that results from the 
insertion of a less-than-perfect signal hand ling circu it into 
a measurement circuit. 

Zero 
The zero of a 0-lOV DA C is set to zero volts for an a ll-O's 
inpul code . For a n ADC, the first transitio n is offset by 
one-half LSB so that a ll subsequent transitio ns occur midway 
between t h e nominal code valu es. T hat is , o nl y 'h LSB of 
analog inpu t is required befo re the LSB switches o n. 

x 
DAG x 

x 
x 

ANA LOG OUTPUT 

I 
x 

x 
x INPUT CODE 

x 
X~.._~~~.._~~~.._~ 

0000 0010 0100 

I 
X 100 

I 
ADC 

X011 
OUTPUT CODE I 

X010 

I 
X001 ANALOG INPUT 

f-- Y, LSB 
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HOW TO ADJUST Z ERO AND GAIN OF CONVERTERS 

Proper adjustment of zero and gain in DAC's and ADC's is a 
procedure that requires great care , and the use of extremely 
sensitive reference instruments. The voltmeter used to 
read the output of a DAC, o r the vo ltage so urce used as a 
driving signal for the ADC, must be capable of stable and 
clear resolution of 1/10 LSB at both ends of the range of the 
converter ; e.g ., at zero and full scale. 

Converter 

Resolution 20V 

8 bits 39 .06mV 

10 bits 9.77mV 

Converter Range 

lOV 

19 .5 3mV 

4 .88mV 

5V 

9 .77m 

2.44m 

v 
v 

12 bits 2 .44mV l.22mV 610µV 

14 bits 610µV 305µV 153µ V 

16 bits 153µV 76µV 

Tab le 1. Voltage Equivalent of \/2LSB for 

Various Resolutions and Voltage Ranges 

38µV 

All DA C's and successive approximation ADC's manu
fact ured by Analog Devices are provided with Zero a nd Gain 
adjustments which are completely independent of each 
other , as long as the adjustment of Zero is attempted only 
when the actual convers ion circuit is producing Zero, and 
as lo ng as the Zero (o r Offset) adj ustment is accurately 
co mpleted before proceeding to adjustment of Gain (at 
full scale - lLSB) . Of course , it is possible to make Zero and 
Gain adjustments in reverse order and at o ther points o n 
th e transfer functi o n - but it must be expected that the 
adjustments wi ll no lo nger be independent, and the 
pro cedure will require a series of successive approx imat io ns. 

Adjustment Process 

Particularl y fo r bipolar converters, fast and successful 
adjustment requires knowledge of the technique used in the 
circuit to co nvert the inherently unipolar DAC o r ADC fo r 
bipolar o perat ion . 

1. Sign & Magnitude Codes are generally obtain ed by use of 
a unipolar co nvert er with separate means of reversing po larity . 
The Zero adjustment is a lways made by calling fo r a zero 
from the converter. (Logic zero into a DAC produces zero 
vo lts outpu t, o r zero volts into an ADC produces data zero 
o utput. ) 



2. Bipolar binary co nverters utilizing offset binary or two 's 
complement coding usually employ analog offsetti ng to 

co nvert a unipolar design into bipolar. For instance , a 0 to 

+10v DAC may have its output amplifier offset by - SV, 
resulting in an output of - 5 vo lts correspo nding to 000000 
input and +s volts (minus 1 LSB) co rrespo nding to a 111111 
input . Such a converter should have its "Zero" adjusted at 
- 5 v. 

An alternate explanation is as fo llows: converter Zero 
controls should always be set at the " All Bits Off" condition, 
and then Gain should be set at the "All Bits On" condition. 

Adjustment For DAC's 

ZERO : set input code so that all bits are "off", then adjust 
pot until output signal is within l/lOLSB of proper reading, 
or zero. 

GAi : set input code so that a ll bits are "o n", then adjust 
pot until output signal reads within l/lOLSB of Full S cale 
less 1 LSB. 

Adjustment For ADC's 

ZERO: set input voltage precisely at Y:z LSB above the "all 
bits off" specified input . Zero co ntrol should be adjusted so 
that the converter just switches in its LSB . 

GAi : set input voltage precisely at Y:z LSB less than "all 
bits o n" input. Note that this is l 'h LSB 's less than the 
nom inal full scale value : i.e. , all l 's value of a zero to 

+10v 12-bit ADC is actuall y +9.99 76. Gain adjustment 
should be made with an input \/2 LSB less, or +9.9962 volts. 
With input vo ltage set as described, GA IN control is 
rotated to the point where the last bit just comes o n. For 
instance, in a 12 bit binary co nverter, reading of 
111111111110 wo uld change to 111111111111. 

GENERAL SPECIFICATIONS COMMON TO MOST 
ANALOG DEVICES CONVERTER PRODUCTS 

In order to sim plify the presentation of specificat ion infor
mat ion in t he co nverter section of this catalog, a number 

of spec ifi catio n parameters commo n to most of the 
product line were omitted from the deta ils in each tabl e. 
T hey are: 

1. All logic interfaces are compatible with TTL and DTL 
except for the model ADC-12QL, which is compatible 
with CMOS . 

2 . Positive true is o ur convention in defining all codes. 

3. All products are designed to o perate over a n a mbient 
temperatu re range of 0° C to +70° C. Certain products are 
also available in extended temperature versions. 

4. All products are designed for storage in temperatures 
from -SS °C to +125°C. 

5. All converters are desi8ned to have maximum linearit y 
error of< ±Y:zLSB@ +25 C. 

6. All Analog to Digital co nvert ers have internal clocks . 

7. All Analog to Digita l converters provide a status signal 
and its complement for interface to system controls. 

8. All products are designed with very high rejecti o n of 
variatio ns in the power suppl y, and errors due to var iat io ns 
of several millivo lts in the ±lSV supplies can almost always 
be neglected . 

Complete details of the perfor ma nce specifications of Analog 
Devices products are listed o n individual data sheets on each 
product, ava ilab le upo n request. 
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CONVERTER PRODUCTS FOR EXTENDED 
TEMPERATURE SERVICE 

Most converter products described in this catalog are intended 
for operation over the temperature range of 0 to +70°C. Per
formance of these converters does not usually deteriorate 
abruptly beyond these temperature limits , but rather degrades 
gradually, and finally may become unpredictable . 

Several converters can be supplied in versions capable of stable 
o peration over an extended temperature range. These ET ver
sions are available only in the binary codes (i.e., ET versions 
of BCD coded units are not available) . 

The 8 and 10-b it converters are specified over the range of 
-SS °C to +85 °C. All ET converters are individually tested at 
high, low, and room temperatures prior to shipment . 

The table below shows the maximum TC's to be expected over 
the full ET operating temperature range. For example, a 12-bit 
DAC-12QS/ET would have a maximum gain TC of ±llppm/°C 
from -25 °C to 0, ±7 ppml°C from 0 to +70°C, and ±12ppml°C 
from +70°C to +85 °C. 

The most commonly requested and readily available ET con
verters are shown below. The extended temperature version is 
ordered by adding /ET to the standard model number. 

Model Price (1-9) Details on Page 

DAC-12QM/ET $345 80 
DAC-12QS/ET $285 80 
DAC-lOQS/ET $255 80 
DAC-8QS/ET $210 80 
ADC-12QM/ET $460 92 
ADC-lOQM/ET $420 92 
ADC-SQM/ET $375 92 
ADC-12QU/ET $470 92 

TEMPERATURE COEFFICIENTS 

-55°Cto0 -25°Cto0 0 to +70°C +70°C to +85°C +70°C to +125°C 

12 bit Models 

Diff. Linearity ±S ppm!°C ±3 ppm/°C ±4.Sppm!°C 

Gain ±ll ppml°C ±7 ppml°C ±12ppml°C 

Zero (Unipolar) ±45µV l°C ±SOµV !°C ±SOµV l°C 

Offset (B ipolar) ±6ppml°C ±5 ppml° C ±6ppm/°C 

10 bit Models 

Diff. Linearity ±lS ppm!°C ±3 ppml°C ±12ppml°C 

Gai n ±15 ppml°C ±7ppm/°C ±18ppml°C 

Zero (Unipolar) ±45µV l°C ±SOµV /°C ±SOµV l°C 

Offset (Bipolar) ±12 ppm/°C ±5ppml° C ±12ppml°C 

8 bit Models 

Diff. Linearity ±30ppml°C ±3 ppm/°C ±25ppml°C 

Gain ±60 ppml°C ±7 ppml° C ±50ppml°C 

Zero (Unipolar) ±45µVl°C ±50µV /°C ±50µVl°C 

Offset (B ipolar) ±SOppm/° C ±Sppm/° C ±50ppm!°C 

These figures include 20% guard band over engineering test specs. 
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SPECIFICATIONS (Typical@ +25°C unless otherwise noted) 

Product 
Model ' Resolution 

Linearity Input Code Options ' 
Classification Error (TTL/DTL Compatible) 

Low Cost 
DAC·l2QZ 12 bits ±0 .012S % C-B, COB, CBD 

General Purpose 
DAC· IOZ JO bits ±0 .05 % } BIN, OBN 
MDA· IOZ 10 bits ±0.05 % 

DAC-8QS 8 bits ±0 .2% 

High 
DAC-IOQS 10 bits ±O.OS % C· B, COB, CBD 

Performance 
DAC· 12QS I 2 bits ±0.012S % 

General 
DAC·8QM 8 bits 

Purpose 
±0 .2% 

DAC-lOQM 10 bits ±O.OS % BIN , OBN, 2SC, BCD 
DAC· l2QM I 2 bi ts ±O.OJ2S % 

DAC- I ODF 1 o bi ts ±0.05% O BN, 2SC 
Fast, Display MDA -8F 8 bits ±0.2% l BIN, OBN 

MDA·IOF 10 bits ±0.05 % .r 

DAC-14QG 14 bits ±0.003% l BIN, OBN, 2SC 
High DAC·l6QG 16 bits ±0 .001S % f BCD, SMB , SMD 

Resolution DAC·l4QM 14 bits ±0.003 % l 
DAC-16QM 16 bits ±0.00 15 % I 

C-B, COB, CBD 

DAC-8M 8 bits ±0.2 % 
Multiplying 3 DAC· l2M 12 bits ±0.02% BIN, OBN 

MDA-llMF 11 bits ±0.03 % 

Military Grade MDA·12QD 12 bits ±O.Ol 2S% C-B, COB 

CAPSULE SELECTION TABLE 

DIGITAL-TO-ANALOG CONVERTERS 

Input 
Output Options 

Registe r 

NO 
±SY,± I OY ,± 2.SY,+SY ,+ I OY 

-JOY, ± JOY 

+2mA,± JmA 

I ±2.SY,± SV ,± JOY, 
NO 

I +SY ,+ JOY 

I ± 2. SV, ±SY,± lOY , 
YES 

I +SY,+ JOY 

YES ±2. SY,±SY,± IOY 
NO } NO 

±2.3mA,+4. 7mA 

OPTIONAL } ±5Y,± 10V,+10Y 
OPTIONAL 

NO } ±5Y,± 10Y ,+ lOY , 
NO ± lmA,· 2mA 

NO } ± JOY 

±2mA,+4mA 

NO -2mA,± !mA 

Settling 
Gain Power Package Price Price 

Time to % of 

Full Scale 
TC4 

Hcquircmenls Size & Style (l -9) (100+) 

Sµ s t o 0 .0 1 % ± JSY , +SV $ 79 $4 7 
Sµ s to O.OS % ±30ppmt°c ± J SV 2" x 2 " x 0 .4" , C· l $ 4 9 $27 

300ns to O.OS % ± J sv $ 49 $27 

$ 140 
Sµ s to 0.01 % ±7ppm/°C ± lSY .+S Y 2" x 2" x 0 .4", C- 1 $ 170 

$ 190 

$ 170 
Sµs to 0.0 1 % ±7ppm/° C ± lSY, +SV 2" x 4" x 0.4 ", C-3 $ 2 10 

$ 230 

SOO ns to O.OS% ±SOpp mJ°C ±1 SY, +S Y 4'/2" x 6" , C-8 $ 495 
40ns to 0 .05 % ±25ppm/°C ±1 SY 

) 2" x 4" x 0 .4", C-3 
$ 220 

40ns to O.OS % ±2~ml°C ± J SY $ 240 

~ 4 \!i" x 4 %", C-8 
$ 820 5 

±7ppmf° C 
$1 I 70 5 

2SOµs to 0 .00l S% ± ISY, +5Y 

} 2" x 4" x 0.4", C-3 
$ 39S 

$ 74S 

IOµ s to 0.2% J 2" x 2" x 0 4", C-1 
$ I 9S 

I Sµs to 0.01 % ±2Sppml° C ±15Y $ 29S 
1.0µs to 0.01 % 2" x 4 " x 0.4", C-3 $ I SO 

3µs to 0.01% ± J Sppm /°C ±!SY, +SY ! " x l 'h" x 0.4", C-7 $ 295 

NOTES 
1. DAC's whose model numbers begin with MDA have current outputs, 
allowing the user to select the o p amp of his choice. Those beginning with 
DAC include an internal op amp. 

2. Logic Codes: BIN , Binary ; C-B, Comp. Binary; OBN, Offset Binary; 
COB, Comp. Offset Binary; BCD, Binary Coded Deci mal; CBD, Comp. 
BCD; 2SC, Two's Comp.; C2C, Comp. Two's Comp. ; SMB, Sign-magnitude 
Binary ; SMD, Sign-magnitude BCD. 

3. Reference range of DAC-8M and DAC-12M is ± lOV . Reference range 
of MDA-1 lMF is 0 to -lOV. 

4 . Standard temperature range on all converters is 0 to +70°C, with storage 
temperature from -55° C to +125°C. Many models arc available in an extended 
operating temperature version at extra cost. The extended operating tempera· 
ture range is normally -25° C to +85° C. 

5. Price is for stocked unit, which includes binary coding, input register, 0 
to +lOV range, 184L output amp, and dc:glitcher. 



LOW COST GENERAL PURPOSE D /A CONVERTERS 
MDA-IOZ, DAC- IOZ, DAC-12QZ 

GENERAL DESCRIPTION 
These DI A converters are characterized primarily by low cost, 
but this economy has been attained by judicious use of 
materials, careful engineering, and by high volume manufac
turing techniques . Consequently , there is no compromise 
with quality and reliability, and as a result, these products 
are excellent values. 

MDA-IOZ 
The MDA-lOZ is a fast 10-bit digital-to-current converter 
intended for use with external amplifiers . It is available with 
unipolar output or bipolar output, to suit the needs of a 
broad variety of applications. Fixed output range is provided. 

DAC-lOZ 
The DAC-lOZ is a fast 10-bit DIA converter with a built-in 
J.C. output amplifier . Available in unipolar or bipolar form, 
the DAC-1 OZ is an optimum value for applications requiring 
above average performance at an economy price . 

KEY K 

- 15V 1 

.. 15V 2 

+5V 3 

N C 4 

GAD 5 

NC 6 

BIT 1 (MSBI 7 

BIT 2 B 

BIT 3 9 

BIT 4 10 

BIT 5 11 

BIT 6 12 

BIT 7 13 

BIT B 14 

0 

0-----

0-----

0-----

0 

BLOCK DIAGRAM 
DAC-12QZ 

NOTE PINS SHOWN AS HAVING NO CONNECTIONS fN .C.l 
ARE DELETED 
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2B ZERO ADJ 

27 SUM JCT 

2 6 OUT 

25 REF 

24 10V 

23 20V 

22 GAllll ADJ 

21 BIPOLAR 

20 NC 

19 Ill c 
1B BIT 12 

17 BIT 11 

16 BIT 10 

15 BIT 9 

DAC-12QZ 
The DAC-12QZ is a general purpose 12-bit DI A converter 
in which an outstanding value is achieved. The Analog 
Devices' ADS SOµDAC current switches are used in 
conjunction with a matched close-tracking resistor network 
to provide fast 12-bit performance at an economy price. The 
user chooses one of five available output ranges by jumper
ing at the module terminals . 

ORDERING GUIDES 

MODEL DAC-12QZ/T BIN 

CBCD 
DAC-lOZ-1 

DAC-lOZ-3 

MDA-lOZ-25 

10-bit binary with amplifier, 
OV to-lOV output voltage. 
10-bit binary with amplifier, 
lOV to -1ov output voltage. 
10-bit binary without amplifier , 
with OmA to +2mA 
ouqrnt current and 
SkH nominal (4.85krl ±1 % ) 
gain resistor. 

MDA-lOZ-110 10-bit binary without amplifier , 
-1mA to +lmA output current 
and lOkrl nominal (9 .70kS1 
±1 % ) gain resistor. 



SPECIFICATION SUMMARY (Typical @ +25° C unless otherwise noted) 
Model MDA-lOZ DAC-lOZ 

Resolution (bits) 10 * 
Digital Inputs 

Levels (Positive True) TTL * 
Codes 

Unipolar Binary * 

Bipolar Offset Binary * 

Output Ranges 
Unipolar 0 to 2mA 0 t o -lOV 

Bipolar ± lmA ±lOV 
Settling Time 

(F .S. Step to 'liLSB) 300ns 5µs 
Linearity Error @ +25 ° C ±Vi LSB * 
Stability vs Temperature 

Unipolar 
Gain 30ppm!°C * 
Zero lOnA!°C lOOµV !°C 

Bipolar 
Gain 40ppm!°C 30ppm!°C 
Offset 30nA!°C lOOµV !° C 

Power Required ±15V @ 15mA * 

Package Style C-1 * 
Package Dimensions 2" x 2" x 0.4" * 
Price (100+) $27. * 

(1 - 9) $49. * 

1 
Customer selects range by jumpers at terminals. 

*Specifications same as for Model MDA-lOZ . 

NOT E: NOT ALL OF TH E PINS SHOWN WITH CONN ECTI ONS TO 
TH EM APPEA R ON EACH MOOEL . THE PINS D ELETEO ON EACH 
MODE L AR E SHOWN BELOW : 

MODEL DE LE TEO PINS 

DAC- lOZ- 1 PINS 25, 28 

DAC- lOZ-3 PIN 28 

MDA- lOZ-25 PIN 25 

MDA- lOZ- 110 NONE 

PINS SHOWN AS HAVING NO CONNECTIONS (N.C.) ARE ALSO 
OELETEO. THE OUTPUT OP AMP ONL Y APPEARS IN TH E DAC- lOZ's. 

KEY K 

- 15V 1 

•15V 2 

N.C. 3 

•REF OUT 4 

GAD 5 

NC 6 

BIT 1 (M.SB) 7 

N .C . 8 

BIT 2 9 

N.C. 10 

BIT 3 11 

NC 12 

BIT 4 13 

BIT 5 14 

BLOCK DIAGRAM 
DAC-lOZ & MDA-lOZ 

DAC- 12QZ 

12 

* 

Complementary 
Binary & BCD 

Complementary 
Offset Binary 

+SY, +IOV } 
±2.5V, ±5V , 

±lOV 

5µs 

* 

* 

50µV !°C 

25ppm!°C 
IOOµV J° C 

+15 @ 25mA 
-15 @ 30mA 
+5 @ 35mA 

* 
* 

$47. 
$79. 

28 ATEAM 

27 SU M JCT 

26 OUT 

25 - REF OUT 

24 OFFSET 

23 BIT 10 

22 NC 

21 BIT 9 

20 NC 

19 NC 

18 BIT 8 

17 NC 

16 BIT 7 

15 BIT 6 
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HIGH PERFORMANCE GENERAL PURPOSE 
D /A CONVERTERS DAC-QM, DAC-QS 

GENERAL DESCRIPTION 
The DAC-QM and DAC-QS digital-to-analog converters are 
characterized by high stability and high performance. They use 
Analog Devices µDAc® monolithic quad current switches 
and µDAc® monolithic thin-film resistor networks to provide 
high performance at moderate cost. Each type is available in 8, 
10, and 12 bit versions. 

DAC-QM 
The DAC-QM contains within its 2" x 4" x 0.4" module a 
complete DAC, including µDAC® quad switches and thin-
film resistor network, precision internal reference, a versatile 
output amplifier, and an input register. The user can select any 
of five voltage output ranges with jumpers at the 
module terminals . 

KEY K 

-15V 1 

•15V 2 

•SV 3 

N.C . 4 

GRD 5 

N.C. 6 

BIT 1 !M SB l 7 

BIT 2 8 

BIT 3 9 

BIT 4 10 

Bil 5 11 

Bil 6 12 

en 1 13 

BIT 8 14 

BLOCK DIAGRAM 
DAC-QS 

f\01 l : PINS S H(Jlo',N AS HAVIJ\G MJ C C1f\,f\,f(" I lf)NS 'l\.C. 
AR£ DELfllD. 
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28 ZERO ADJ 

27 SUM JCT 

26 OU T 

25 RFF 

2 4 lOV 

23 20V 

22 GAIN ADJ 

21 BIPOLAR 

19 N.C. 

18 BIT 12 

17 BIT 11 

16 B IT 10 

15 BIT 9 

DAC-QS 
The DAC-QS is electrically identical to the DAC-QM, except 
that it does not contain an input register. As a result , the 
DAC-QS is packaged in the smaller 2" x 2" x 0.4" module, 
and its lower price reflects the change. As with the DAC-QM, 
its performance and stability are above average. 

ORDERING GUIDE: DAC-QM 

MODEL DAC xx xx 
No. of 
Bits Series 

Converter 8 QM 
Type 10 

12 

xxx 

In ut Code 
BIN (binary) 
2SC (2's comp .) 
BCD 

NOTE: BIN version is stocked . BCD and 2SC versions are built 
ro order. 

ORDERING GUIDE: DAC-QS 

MODEL DAC xx xx xxx 
No. of 
Bits Series In ut Code 

Converter 8 QS C-B (comp. binary) 
Type 10 CBD (comp. BCD ) 

12 

NOTE: C-B version is stocked. CBD version is built to order. 



MSB 
e1T l 
BIT 3 3 
BIT~ 4 

BIT !l 9 
BIT 6 10 
BIT 7 11 
BIT 8 12 

UIT 9 16 
BIT 10 
BIT 11 

+ l~N 30 0 

15V 

ANALOG 
GAD 34 

DIGITAL 
36 

GAD 

SPECIFICATION SUMMARY (Typical@ +2S°C unless otherwise noted) 

Model DAC-QM DAC-QS 

Resolution, Bits 8, 10, 12 * 
Input Logic TTL Positive True * 
Input Codes 

Unipolar BIN 1 BCD C-B2 CBD 
Bipolar 2SC OBN COB 

Strobe Input Pulse Width sons min 3 N/A4 

Output Ranges 0 to +SY, 0 to +lOY * 
±2.SY, ±SY, ±lOY * 

F.S. Settling Time 
(to YzLSB) Sµs * 

Temperature Coefficients 
7ppm!°C max Gain (of reading) * 

Offset 
Unipolar lSµY!°C max * 
Bipolar 30µY!°C max * 

Power Requirement +lSY@ 2SmA * 
-lSV@ 30mA * 
+SV@ lSOmA +SV@ 35mA 

Package Style C-3 C-1 
Package Dimensions 2" x 4" x 0.4" 2"x2"x0.4" 
Prices (1-9) DAC-SQM $170. DAC-8QS $140. 

DAC-lOQM $210. DAC-lOQS $170. 
DAC-12QM $230. DAC-12QS $190. 

1 OAC-QM is stocked in the BIN version (which also gives OBN code in bipolar operation). The BCD and 
2SC versions are built to order. 
2 OAC-QS is stocked in C-B version (which also gives COB code in bipolar operation). The CBO version is 
built to order. 
3 The Strobe Input must be driven from a source capable of supplying 24 standard TTL unit loads. 
4 The OAC-QS does not have a strobe input because it has no input register. 
*Specifications same as those for the OAC-QM. 
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FAST, DISPLAY D /A CONVERTERS 
DAC- IODF, MDA-IOF 

GENERAL DESCRIPTION 
These DI A converters are characterized primarily by very 
fast settling speeds. They are ideally suited for spot 
position control in CRT display systems, and for use in 
character generators, high speed test equipment, and very 
high speed AID converters. 

DAC-lODF 
The DAC-lODF is a very fast voltage output DIA converter 
subsystem, featuring practically glitchless operation and sons 
settling to 0.05% of F .S. for lLSB changes . Schottky TTL is 
used for the input register. The unit can be ordered with one 
of three output amplifiers, including the new model 50, which 
provides improved performance at no increase in price . With a 
model 46 or model 50 amplifier, the DAC-lODF can drive a 
terminated 100 ohm coaxial cable . Output connection is made 
through a µDOT RF connector mounted on the DAC-lODF's 
P.C. board. 
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MDA-F 
The MDA-lOF is an ultra high speed digital-to-current 
converter offering 40ns full-scale settling time for 10-bit 
binary resolution. This exceptional speed is offered without 
compromise of the fine linearity and stability that is found 
in all Analog Devices products. The converter is packaged in· 
a iow-profil~ 2" x 4" module . 

PIN DESIGNATIONS: DAC-lODF 

PIN FUNCTION PIN FUNCTION 

A BIT (MSB) N } INTE RLOCK 
B BIT 2 p 

c BIT 3 R +SVDC 
D BIT 4 s 

} E BIT 5 T DI G ITAL GRD 
F BIT 6 u 
H BIT 7 v } ANALOG GRD 
J HIT 8 w 
K BIT 9 x +15VDC 
L BIT 10 (LSB) y -1svoc 
M STROBE z ANALOG GRD 

ORDERING GUIDE: DAC- lODF 

MODEL DAC-lODF 

Converter Type 

xxx 
Output Range 

±2.SV 
±SY 
±lOV 

xx 
Output Amp 

46 
48 
50 



SPECIFICATION SUMMARY (Typical@ +25°C unless otherwise noted) 

Model DAC-10DF1 

Resolution, Bits 10 * * 
Logic Inputs Schottky TTL, * * 

Positive True 
Input Codes Offset Binary * * 

2's Complement * * 

Input Register Yes * * 
Output Amphf1er Model 46 3 Model 48 Model 50 3 

Output Signal ±2.SV, ±SV, ±lOV ±2.SV, ±SV, ±!OV ±2.SV, ±SV, ±!OV 
@ lOOmA @lSmA @ lOOmA 

Settling Time (to 'liLSB)4 

For F.S. step 300ns max SOOns max 200ns max 
For lLSB step sons max lOOns max 40ns max 

Glitch Amplitude 20mV max SmV max 20mV max 
Temperature Coefficients 

Gain (of Reading) ±SOppm!°C max * * 
Zero (Unipolar) NIA * * 

(Bipolar) ±30ppm!°C max ±20ppml° C max ±30ppm!°C max 
ower Reqmre 

+lSV 200mA max 80mA max 200mA max 
-15V 200mA max 80mA max 200mA max 
+SV 400mAmax * * 

Package Style C-8 * * 
Package Size 4Vi" x 6" x 0.87" 4'1i" x 6" x 0.63" 4'1i" x 6" x 0.87" 
Price (1-9) $495. * * 
1 The DAC-lODF can be ordered with any of three output amplifiers. The model 48 would generally be chosen where 
power consumption is of concern and a high output current is not required. When used with a model 46 or model 50, 
the DAC-lODF is intended to drive a terminated coaxial cable. The model 50 is a new amplifier, and offers improved 
performance as compared to the model 46. 
2 An 8-bit version of the MDA-lOF, called the MDA-8F, is available for $220 (1-9). 
3 When used with a model 46 or model 50, the DAC-lODF is intended to drive a coaxial cable that is terminated in a 
resistance equal to the characteristic impedance of the cable. 
4 The settling times shown for the DAC-lODF are valid for the ±2.SV output range. Settling times for the ± SV and ±1 OV 
ranges are somewhat greater. 
*Specifications same as those for the DAC-lODF with a model 46 output amplifier. 

-· a ,, 
MDA-lOF .. 

0 
102 < 

TTL Positive True ~ 
A. 

Comp. Binary ,, 
or Comp. 

~ Offset Binary .. 
No ... 

None 0 .. 
0 to -4.7mA a or ±2.3mA a 

40ns ::s 
" 30ns ~ 

Not Controlled •• 
±25 ppmJ°C a 

±SnAJ°C 
,.. 

±lSppmJ°C " I ... 
60mA 0 
60mA a 
NIA ... 
C-3 

2" x 4" x 0.4" 
$240. 

MDA-lOF 

DATA 
INPUT ....------, 

STROBE 

SCHOTTKY 
TTL 

REGISTER 

BLOCK DIAGRAM 
DAC-lODF 
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HIGH RESOLUTION D /A CONVERTERS 
DAC-QM, DAC-QG 

GENERAL DESCRIPTION 
These DI A converters offer the limit of today 's state-of-the
art in resolution, linearity, and stability . Analog Devices' 
µDAC monolithic quad switches and super precision thin 
film resistor networks provide the stability needed for 16-bit 
performance . These products are supplied with an error plot 
made during final testing, and with certification of the 
performance of the reference zener. 

DAC-I6QM 
The DAC- 16QM is a complete self-contained 16-bit DIA 
converter with both current and voltage outputs, offered in 
16 or 14-bit linearity versions. This converter has an aged 
compensated reference that provides stability appropriate 
for high resolution converters. Settling time of the 
current output is about lµs to 0.1 % for full scale 
changes. As can be expected, however, settling time to 
full accuracy (0 .0015 %) for voltage output with the built-in 
IC output amplifier, is much greater. When faster settling is 
required, a fast external amplifier should be used. (See 
DAC-QM settling chart on next page .) 

PIN DESIGNATIONS: DAC-QG 

PIN FUNCTION 

1-17 N.C . 
18 ANALOG SENSE LOW 
19 ANALOG SOURCE LOW 
20 ANALOG SOURCE HIGH 
21 ANALOG SENSE HIGH 
22 ANALOG REF. IN/OUT 
A BIT 1 (MSB) 
B BIT 2 
c BIT 3 
D BIT 4 

ORDERJNG GUIDE: DAC- QM 

MODEL DAC xx xx 
Linearity Series 

Converter Type 14 Bits QM 
16 Bits 

DAC- QG 
The DAC-QG is a manifold board for the DAC-16QM , 
making provisions for the most-frequently required 
accessories. The standard (stocked) version of the DAC-16QG 
has an input register wired for binary code, and has a 
deglitcher mounted . It is wired for +lOV output range, using 
the model 184L output amplifier (the optimum amplifier 
choice for both stability and speed, in this application) . 

PIN FUNCTION 

E BIT 5 
F BIT 6 
H BIT 7 
J BIT 8 
K BIT 9 
L BIT 10 
M BIT 11 
N BIT 12 
p BIT 13 
R BIT 14 

xxx 
Input Code 

C-B (comp. binary) 
CBD (comp . BCD) 

PIN FUNCTION 

s BIT 15 
T BIT 16 (LSB) 
u STROBE 
v N.C . 
w +5V 
x +15V 
y -15v 
z GRD 

NOTE: Stock version is complementary binary. 

ORDERING GUIDE: DAC-QG 

xxx xxx xxx xxxx xxx xx xx 
T I -r ? QC 

Stock version is DAC-16QG/BIN/REG/+10/184L/INT/DEGL 

NOTES: 

Resolution 
8 

10 
12 
14 
16 

1 ADI Convention: Positive true is normal. 
2 When no register is ordered, the DAC-QM 
that is mounted determines the coding. 
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BIN 
2SC 
SMB 
BCD 
SMD 

Price: $1170. Other option combinations are built to order. 

Logic Code1 

lnput.,...-
REG Register 
DIR Direct2 

l 
Output Amplifier 

STNDJ Int. Op Amp 
FAST 45K 
STAB 184L 

Binary Output Range Use With Codes 
2's Complement 
Sign + Mag BIN 
Binary Coded Decimal 
Sign +Mag BCD 

±lO(V) 
±05 (V) 
+lO(V) 
±08(V) 

Any Binary Code 
Any Binary Code 
Binary or BCD 
Sign & Mag BCD 

Reference 
INT Internal 
EXT External 

Deglitcher 
DEGL 
None 

Use With Amp 
Fast or Stabilized 

Any 



DAC-16QM 

SPECIFICATION SUMMARY (Typical @ +25°C unless otherwise noted) 
Model DAC- QM 

Resolution, Bits 
Input Logic 
Input Codes 

Linearity Error 
(straight line through 
zero and full scale) 

DAC-14XX 
DAC-16XX 

Reference, Internal 
Temperature Coefficient-

Voltage Mode 
(in ppm of FSI° C) 
Gain 
Unipolar Offset 
Bipolar Offset 

Settling Speed 
Power Requirement 

Package Style 
Package Dimensions 
Price (1-9) 

14, 16 
TTL Positive True 

Complementary Binary 
Complementary BCD3 

±< 0 .003 % 
±< 0.0015 % 

+6 .00V ±0.01 % ±6ppm/ C ±8ppm/mo. 

with int . amp. 
±15ppm 
±9ppm 

±15ppm 
See figures 

+15V @ 20mA 
-15V @ 30mA 
+5V @40mA 

C-3 
2" x 4" x 0 .4" 

DAC-14QM $395. 
DAC-16QM $745. 

1 DAC-QG can be built to order with any DAC-QM from 8 to 16 bits. 

DAC-QG 
8-16Bits 

* 
BIN 2

, BCD, 2SC 
Sign & Mag BIN & BCD 

* 
* 
* 

with 184L amp. 
±7ppm 

±0 .5ppm 
±7ppm 

See figures 
+15V @ 35mA 
-15V @ 50mA 
+5V @ 220mA 

C-8 
4 y,' ' x 4 %" x 0 .4" 

DAC-16QG 
(complete)2 $1170. 

DAC-14QG 
(complete)2 $820. 

2 DAC-QG is stocked in a version containing the most popular options. All other versions are built 
to order. The stock version, available either with 14 or 16-bit resolution, contains: Binary input 
code with register, 0 to +lOV range , 184L output amplifier, deglitcher to limit output switching 
transients to SmV max. 
3DAC-14/16QM is·stocked in Complementary Binary code . Complementary BCD is built to order. 

*Specifications same as for Model DAC-16QM. 

TOP VIEW DAC-QM 

HT ' 10- • 10- ' , ... 

SETTLING CURVES 

DAC-QG FS 

10- ' , ... , ... 10- • 10- • 10-' 
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DAC-QG 1% FS -------------
'\ --- 11 = I s 
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0.1 
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0.01 

ML WL2.I 
pi! LIT F"•fi 
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MULTIPLYING D /A CONVERTERS 
DAC-M, MDA-llMF 

GENERAL DESCRIPTION 
Multiplying DIA converters are specifically designed for use 
with external reference signals, which may be of varying 
amplitude DC or AC. They act essentially as accurate 
digitally-controlled attenuators, and find broad application 
in synchro conversion, character generation for CRT displays, 
and hybrid computation. 

DAC-M 
The DAC-M is a complete self-contained four-quadrant 
multiplying DI A converter optimized for applications at the 
lower frequency end of the spectrum . It has both an input 
buffer and inverter, providing for four-quadrant operation 
from a single polarity (or phase) of reference input, if 
desired. With binary logic input code, it can be operated in 
bipolar fashion by use of the offset coding. 

16 

18 

,. 
21 

23 

25 

27 

29 

31 

33 

" 

BLOCK DIAGRAM 
AND PIN DESIGNATIONS 
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MDA-llMF 
The MDA-1 lMF is a very high speed one or two quadrant 
multiplying digital-to-current converter designed particularly 
for the needs of the graphic display field . Operating as a 
single quadrant device, it can control a lOV /µs reference 
ramp with 11-bit resolution and feedthrough. An internal 
network provides for two quadrant operation. 

LOW FEEDTHROUGH 
The very low feedthrough of the MDA-1 lMF when operated 
in the single-quadrant mode is shown below. In both photo
graphs the lower trace is a SOOkHz, lOV/µs triangle wave 
driving the analog input (shown with a vertical scale of 
SY/div.). The upper trace in both pictures is the amplified out
put of the DAC connected to an op amp such as an ADI model 
48. The vertical scale is SmV /div., which is approximately 
equal to lLSB/div. The trace on the left shows the output 
with the LSB input on and all other inputs off. The right-hand 
trace shows the output with all digital inputs off, and clearly 
demonstrates that the feedthrough under these conditions is 
less than YiLSB. 

_Li'.. L'<. ii\ ,/[\ LI'-. 
\l . . .\V. . . \V .. \/ .\V .. -~ 

Feedthrough with a 500kHz Triangle Wave 



TOP VIEW 

SPECIFICATION SUMMARY (Typical@ +25 °C unless otherwise noted) 
Model DAC-8M DAC-12M 

Resolution, Bits 8 12 
Relative Accuracy 

(Error in% of FS) 

Slewing Rate 
Settling Time 
Full Output 

Freq. (±lOV) 
Reference Input 

Voltage 
Impedance 

Logic Input 
Logic Code 

Output 
Voltage 
Current 
Impedance 

Temperature Coefficient 
Gain 
Zero 

Feed through 

Power Required 

Package Style 
Package Dimensions 
Price (1-9) 

0.2% 
lOVlµs 

lOµs to 0.2% 

200kHz 

±lOV p-p 
10kS1 

TTL Positive True 
Binary 

±lOV 
5mA 

<1 ohm 

< 25ppm!°C 
< 50µV!°C 

2.5mV@ 400Hz FS 

+15V@17mA 
-15V@20mA 

c-1 
2" x 2" x 0.4" 

$195. 

0.02% 

* 
15µs to 0.01 % 

* 

* 
* 
* 
* 

* 
* 
* 

< 5ppm!°C 
* 
* 

* 
* 
* 
* 

$295. 

MDA-llMF 
11 

0.03% 
NIA 1 

<lµs to 0 .01 % 

NIA 

0 to-lOV 
4kS1 

* 
Binary or 

Offset Binary 

±IV max 1 

+4mA or ±2mA 
600 ohms 

±30ppm!°C 
±75µV!°C2 

Unipolar Mode< 'lzLSB 
with IOVlµs triangle wave 

+15V@ 30mA 
-15V@ lOmA 

C-3 
2" x 4" x 0.4" 

$150 . 

1 Since there is no output amplifier, the MDA-1 lMF is not slewing rate limited in the usual sense. BW 
and slewing rate are more than adequate for accurate transconduction of a lOV/µs reference ramp. 
2 Measured using an ADI Model 48 as an output amplifier. 
*Specifications same as for Model DAC-8M. 
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MILITARY GRADE D /A CONVERTER 
MDA-12QD 

GENERAL DESCRIPTION 
Products in this category have been designed and manufac
tured to meet the unique requirements of many military 
applications. They are designed with the ability to utilize 
MIL/QPL components. IC's used can be qualified to 
MIL-STD-883. Assembly and package are designed for 
qualification according to appropriate paragraphs of 
MIL-STD-202 and MIL-E-5272 . 

BOTTOM V IEW SEE NOTE --' 

Pin 1 is indicated by blue glass sealant at base, 
and by black dot on top surface . 

PIN DESIGNATIONS 

PIN FUNCTION 

1 BIT 1 (MSB) 
2 BIT 2 
3 BIT 3 
4 BIT 4 
5 BIT 5 
6 BIT 6 
7 BIT 7 
8 BIT 8 
9 BIT 9 
10 BIT 10 
11 BIT 11 
12 BIT 12 (LSB) 
13 REFERENCE INPUT 
14 BIPOLAR OUTPUT OFFSET 
lS POWER AND SIGNAL GROUND 
16} SK~ GAIN FEEDBACK 
17} SK RESISTORS 
18 
19 INTERNAL REFERENCE OUTPUT 
20 +lSVDC SUPPLY INPUT 
21 ANALOG OUTPUT 
22 µDAC's BASE LINE REFERENCE 
23 -1SVDC SUPPLY INPUT 
24 +SVDC SUPPLY INPUT 
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MDA-QD 
The MDA-12QD is a medium speed 12-bit current output 
DIA convener in a hermetically sealed metal enclosure, with 
24-lead DIL pinning. Flatpack versions of the µ DAC quad 
converter switches and thin-film resistor networks are used 
along with flatpack reference amplifier, to provide outstand, 
ing linearity and stability in a package occupying only 
1y,"x1" x 0.4". 

SPECIFICATION SUMMARY (Typical@ +25°C unless otherwise noted) 
Model MDA-QD 

Resolution, Bits 
Linearity Error 

Data Inputs 
Input Codes 

Output Range 
FS Settling Time (to YzLSB) 

Output Impedance3 

(Current Mode) 

Temperature Coefficients 
Linearity 
Gain (with internal reference) 
Gain (with external reference) 
Zero (unipolar) 
Offset (bipolar) 

Power Required 

Operating Temperature Range 
Standard 
Extended4 

Package Style 
Package Dimensions 
Price (1-9) 

12 
±ViLSB 

TTL Compatible 
Complementary Binary 

Complementary Offset Binary 

0 to -2mA, ±1 mA 1 

3µs2 

Less than 15k, 15pF 

±3ppmJ°C 
±15ppmJ°C max 
±lOppmJ°C max 

±2nAJ°C max (up to +70°C) 
±lOnAJ°C max (u p to +70°C) 

±15V@ +1 5mA, -20mA 
+5V@ 25mA 

0°C to +70° C 
-55°C to +125°C 

C-7 

lYz" x 1" x 0.4" 

MDA-12QD $245 . 
MDA-12QD/ET $395. 

1 For use with external op amp, precision trackmg feedbackiesistors are provided. 
Voltage output ranges with these feedb<rck resistors are: ±2.SV, ±sv, ±toV, 
0 to +SV, and 0 to +lOV. 
2 When used with an AD507 output op amp or equivalent. 
3 For optimum linearity, current output should drive an essentially zero impedance 
point, such as an op amp summing junction. If resistance load must be used, RL 
should be no greater than 1 k ohms. 
4 For extended temperature version, specify "MDA-12QD/ET." 
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SPECIFICATIONS (Typical@ +25°C unless otherwise noted) 

Product Error Conversion 

Classification 
Model Resolution 

(Relative to F.S .) Time 

ADC-SS 8 bits ±0.2% !ms 
Low Cost 

ADC· I OZ IO bits ±0.05% 20µs 
General Purpose 

ADC-12QZ 12 bits ±0.0125% 40µ s 

ADC-SQM S bits ±0.2% ISµs 

High ADC-IOQM IO bits ±0.05% ZZµs 

Performan ce ADC-12QM 12 bits ±0.0125% 25µs 

General 
Purpose ADC-SQU S bits ±0.2% 6.4µs 

ADC-IOQU IO bits ±0.05% Bµs 

ADC-I2QU 12 bits ±0.0125 % l5µs 

ADC! 100 3'h d igits ±0 .05 % ±] b it 42ms 

Dual ADC-·141 14 bits ±0.0 1%± 1 bit 40ms 

Slope ADC-171 17 bits ±0.01 % ±] bit 40ms 

ADC! 103-001 S bits ±0 .2% l .Oµs 

Fast ADC! 103-002 10 bi t s ±0.05 % l.2µs 

ADC! 103-003 12 bits ±0 .0125% 3.5µs 
--.,-

High Resolution ADC-16Q 16 bits ±0 .0015 % 400µs 

Low Power ADC·12QL/J 
CMOS ADC-I2QL/K 

12 bits ±0.01 % S5 to l 30µs 

CAPSULE SELECTION TABLE 

ANALOG-TO-DIGITAL CONVERTERS 

Output Code Options' Analog Input 
(TTL/ DTL Co mpatible ) Options 

HIN , OBN , 2SC, BCD 
BIN , OBN , 2SC ±5V,± I OV,+5V,+ lOV 
BIN, OBN, 2SC 

BIN , OBN , 2SC, BCD ±5V ,±IOV,+IOV 

BIN, OBN , 2SC. BCD ±5V,± IOV .+ 5V,+ IOV 

SMD ±J99 .9mV 
SMB ±JOV 
SMD ±12V 

BIN, OBN , 2SC ±5V, ±IOV, +IOV 

BIN , OBN, 2SC ±5V, ±!OV, +lOV 

BIN, OBN ±5V,±JOV,+5V,+ IOV 

Input Gain Power Package Price Price 

Buffer TC2 Requirements Size & Style (1-9) (100+) 

YES ±60ppml°C 2" x 3" x 0 .4 ", C-2 $ 79 $47 

OPTIONAL 3 ±40ppml°C ±J5V , +5V 2" x 4 " x 0 .4 ", C· 3 $ 99 $67 
OPTIONAL' ±30ppm /°C 2" x 4" x 0 .4", C-3 $ 129 $92 

$ 250 
YES ±5ppm/° C ±J5V , +5V 2" x 4 " x 0.4 '', C-3 $ 2SO 

$ 305 

$ 260 
YES ±5 ppm /° C ±J 5V , +5V 2" x 4 " x 0.4", C-3 $ 290 

$ 315 

YES ±50 ppm/°C +5V 2" x 4 " x 0 .4'', C-3 $ 99 $67 

NO ±5ppml° c ± I5 V,+5 V 3" x 4 " x 0.4 '', C-5 $ 259 

NO ±5 ppml°C ±l 5V, +5V 3" x 4" x 0.4'', C-5 $ 259 

$ 430 

NO ±1oppml°c ±I 5V, +5V ~ " x 4" x 0.75'',CA-3 $ 440 
$ 450 

YES ±Sppm/C ±15V, +5V 4.5" x 6.0" , C-S $1350 

±50ppm/c 
±15V, +5V 3.6" x 4 .1", C-S 

$ 675 
NO 

±20ppm/c $ 950 

NOTES 

1. Logic Codes : BIN, Binary ; C-B , Comp. Binary ; OBN, Offset Binary: COB, 
Comp. Offset Binary ; BCD, Binary Coded Decimal; CBD, Comp. BCP; 
2SC, Two's Complement; C2C, Comp. Two's Comp. ; SMB, Sign-Magnitude 
Binary; SMD, Sign-Magnitude BCD. 

2. Standard temperature range on all converters is 0 to +70° C, with storage 
temperature from -55° C to + 125° C. Many models are available in an ex
tended operating temperature version at extra cost. The extended operating 
temperature range is normally-25°C to +85°C. 

3. Prices are for units without input buffer. In small quantities, add $20 to 
unit price for buffer. 



LOW COST GENERAL PURPOSE A/D CONVERTERS 
ADC-SS, ADC-IOZ, ADC-12QZ 

GENERAL DESCRIPTION 
These analog-to-digital converters are characterized by low 
cost, achieved through skilled engineering and high volume, 
efficient manufacturing. They offer an extremely high 
performance/cost ratio. 

ADC-SS 
The ADC-SS is an S-bit AID converter of moderate speed that 
even includes an input buffer. A counter generates a staircase 
at the output of an internal DAC, the output of which is com
pared against the signal input. This design requires only simple 
logic circuitry, helping to hold down cost. Conversion time is 
proportional to the magnitude of .the input signal. 

ADC-lOZ 
The ADC-lOZ is a small modular AID converter that performs 
a 10-bit conversion in 20µs or less. It offers performance and 
features previously found only in much more expensive con
verters. It uses the successive approximations conversion tech
nique, and contains an easy-to-use serial output. 
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BLOCK DIAGRAM 
ADC-lOZ 

ADC-12QZ 
The ADC-12QZ is a 12-bit successive approximation type con
verter that offers reasonable soeed and 1wod performance at 
very low cost. Analog Devices' µDAc® quad current switches 
and a unique combination of thick-film and hybrid technology 
has given the ADC-12QZ the basic performance of a much 
higher priced unit. Like the ADC-lOZ, it features an easy-ro
use serial output. 

BLOCK DIAGRAM 
ADC-12QZ 
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\NAl OG IN 
GND 

JFFE R OUT 
G AIN A 

GAIN 8 

COMP IN 6 
OFFSEl 7 

15V 17 
•lSV 18 

•SV 20 
GNO 21 

BLOCK DIAGRAM 
ADC-SS 

BUF HR 

~ 
~ 

4 2 Msii 

SPECIFICATION SUMMARY (Typical @ +25 °C unless otherwise noted ) 

Model ADC-SS ADC-lOZ ADC-12g_z 
Resolution , Bits s 10 12 
Linearity Error ±YzLSB * * 
Analog Input 

Ranges1 (Volts) ±5, ±10 , +5, * * 
+10 

Impedance 
Without Buffer2 2.5k - lOk.Q 6k - 12kD 2 .5k - lOk.Q 
Wit h Buffer 3 108 o hms 109 ohms 109 ohms 

Conversion Time l ms4 20µs 40µs 

Digital Control 
Inputs & Out puts TTL/DTL * * 

Compatible 
Data Outputs TTL Positive True * * 

Output Codes 
Standard5 BIN , OBN, 2SC BIN, OBN, 2SC BIN, OBN , 2SC 
Optional BCD 

Status or Busy "1" during * * 
Output Conversion 

Serial Data Output No Yes Yes 
Temperature Coefficient 

±30ppm!°C Gain (of Reading) ±60ppm!°C ±40ppm!°C 
Zero (Unipolar) ±20ppm!°C ±25 ppm/°C ±5ppm!°C 
Offset (Bipolar) ±60ppm!°C ±30ppm!°C ±lOppm!°C 

Power Required +15V @ 2SmA +15V @ lSmA +15V @ 20mA 
-15V @ 2SmA -15V @ 25mA -15V @ 30mA 
+5V @ 120mA +5V @ 170mA +5V @ 210mA 

Package Style C-2 C-3 C-3 
Package Dimensions 2" x 3" x 0 .4" 2" x 4 " x 0.4" 2" x 4" x 0 .4" 
Price (100+) $47 . $67 . $92. 

(1-9) $79. $99. 3 $129 . 3 

1 Desired input range is selected with jumpers and connections at the module's terminals. 
2 Input impedance without buffer depends on input range selected, b ut will be with in the 
indicated limits. 
3 Input buffer is standard on ADC-SS , bu t the unit may be wired for a direct input, if desired. On 
ADC-l OZ and ADC-12QZ, input buffer is optional. In small quantities , add $20 to price for input 
buffer. Units with a buffer may be wired for direct in put, if desired. 
4 Conversion time for a full-scale input signal is approximately 1 ms. For input signals with a magni
tude of less t han full -scale, the conversion time is proportionate! y less. 
5 Output code is natural binary for unipolar input, b ut it can be either offset binary or two 's com
plement at the user's option with a bipolar input. 

*Specifications same as for ADC-SS . 

ORDERIN G G UIDE 
41 BIT 1 (M SBJ 

4 0 BIT 2 

TIMING DIAGRAM : ADC- SS 

39 BIT 3 
38 BIT 4 
37 Bil 5 
36 en 6 

35 BIT 7 
34 err e 1LSe1 

25 STATIJS 
24 STATUS 
23 CON\I CMO 
22 GN D 

"' '::; 
0 
> 

50nsec MIN 
CONV ERT 
COMMAND 

ADC-SS 
ADC-SS/ BIN 1 BIN 
ADC-SS/BCD BCD 

ADC-lOZ 
ADC-lOZ--002 I NO BUFFER 
ADC-lOZ--022 l BUFFER 

ADC-12QZ 
ADC-12QZ--003 I NO BUFFER 
ADC-12QZ--023 I BUFFER 
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HIGH PERFORMANCE GENERAL PURPOSE 
A/D CONVERTERS ADC-QM, ADC-QU 

GENERAL DESCRIPTION 
These converters are characterized primarily by high 
performance and general utility . The use of µDAdB> mono
lithic quad switches with µDAC monolithic thin film 
resistance networks provide these converters with the best 
stability and linearity generally available. Prices are kept at 
moderate levels by large volume manufacturing. 

ADC-QM 
The ADC-QM is a high performance, general purpose AID con
verter packaged in a low profile 2" x 4" module. It offers ex
cellent stability over both time and temperature at moderate 
cost . It is complete with an input buffer, and the desired input 
range is selected by the user with jumpers and connections at 
the module terminals . The digital output code of the binary 
version is natural binary for a unipolar input, but is selected by 
the user to be either offset binary or two's complement with a 
bipolar input. The ADC-QM is available in 8, 10, and 12 
bit versions. 

BLOCK DIAGRAM 
ADC-QM & ADC-QU 

100K!--d~'V'30Kl'v--I r->-----\1\Art 
GAIN 

- 15 

100K 
ZERO 

- 15 l
'1 5V 

JMEG 

- 15V 
25 0--+ 

+JSV 

27 0--+ 
•5 

29 0---+ 
)Q ~GAO 

PRECISION OAC 
(µ OAC IC'S PLUS 

THIN FILM RESISTOR 
NETWORK I 

TTL 
LOGIC 

& 
REGISTERS 

CLOCK tN INTERNAL 

t·}--+-'C'-"LO~C~•_o_ur _ _ --1 CLOCK 

54 

43 

Note : In the ADC-SQM and ADC-8QU , bit 8 is the LSB, 
and pins 48 , 50, 52 and 54 are deleted. In the ADC-lOQM 
and ADC-lOQU, bit 10 is the LSB , and pins 48 and 50 
arc deleted. 
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ADC-QU 
The ADC-QU is a modular analog-to-digital converter that is 
very similar to the ADC-QM, except that it offers an appre
ciably shorter conversion time. The 12 bit version performs a 
conversion in 15µs maximum . The ADC-QU's speed is the re
sult of the use of Analog Devices' ADS 51 µDAc® high speed 
quad current switches in its internal DAC. The ADC-QU is 
pin-compatible with the ADC-QM, and in most applications 
can serve as a direct plug-in replacement for it. When mounted 
on an AC4451 mounting card, the ADC-QU becomes a pin
compatible substitute for the older model ADC-U. 

DATA ACQUISITION APPLICATIONS 
An ADC-QM or an ADC-QU can be combined with a SHA-lA 
or SHA-2A sample-and-hold amplifier , and one or more MPX
BA multiplexers to form a data acquisition subsystem. The 
table below shows the maximum throughput rates (conversions/ 
sec) that can be achieved using various combinations of these 
products. The settling time of the MPX-8A does not affect the 
throughput rate because it can be settling on a new input signal 
at the same time the AID converter is converting the signal 
being held constant by the sample-and-hold amplifier. 

ADC SHA MAX. THROUGHPUT RATE 

ADC-12QM SHA-lA 34kHz 
ADC-12QM SHA-2A 39kHz 
ADC-12QU SHA-lA 50kHz 
ADC-12QU SHA-2A 67kHz 

ORDERING GUIDE: ADC-QM and ADC-QU 

ADC-XX xx IXXX 

No. of 
Bits Series Output Code 

8 QM BIN (binary) 
10 QU BCD (binary) 
12 coded decimal) 



TIMING DIAGRAM 
ADC-QM 

--j t-- 1oonsec MIN 

SPECIFICATION SUMMARY (Typical @ +25 ° C unless o therwise noted) 

Model ADC-QM ADC-QU 

Resoluti on, Bi ts 8, IO, 12 * 
Linearity Error ±V2LSB • 
Analog Input 

Ranges 1 (Volts ) ±2 .5 , ±5, ± IO, • 
+10 ,+5 

Inpu t Impedance 
Without Buffer 2 2 .5k - I Ok ohms * 

With Buffer 108 ohms • 
Conversion Time 18µs 22µ s 25 µ s 6.4µs 8µ s I 5µs 

Digital Control 
Inpu ts & Outputs TTL/DTL Compa tible * 

Data Outputs TTL Positive True * 
Output Codes 

Standard BIN, OBN, 2SC * 
Optional BCD 

Status or Busy 
Output " I " During Conversion • 

Serial Data Output No Yes 

Temperature Coefficient 
5ppm l°C Gain (of Reading) * 

Offset (Un ipolar ) 50µV l° C * 
(Bi polar) 75µV !°C * 

Power Required +I5 V@2 5mA +15V (a> 25mA 
-I5V @ 35mA -I5V @ 50 mA 
+5V @ 200mA +5V @ 300mA 

Package Style c- 3 * 
Package Size 2" x 4" x 0 .4" * 
Price (1 - 9) ADC-8QM $250. ADC-8QU 

ADC-IOQM $280 . ADC-IOQU 
ADC-I2QM $305. ADC-I2QU 

1 The desired input range is selected by the user with connections and jumpers at 
the module terminals. 
2 Input impedance without buffer is proportional to input voltage range. 

*Specifications same as for ADC- QM. 

CONV ERT 
COMMAND 

TIMING DIAGRAM 
ADC-QU 
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DUAL SLOPE A/D CONVERTERS 
ADC-14 I, ADC-171, ADCllOO 

GENERAL DESCRIPTION 
Dual slope integrating AID converters perform a conversion by 
first integrating the input signal for a fixed period of time, and 
then measuring the time required to return the integrator to 
zero when it is integrated in the opposite direction with a 
fixed reference signal. A major benefit of this technique is that 
it results in very high rejection of normal mode noise when the 
signal integration time period is set equal to one cycle of the 
power line . 

ADC-141 and ADC-171 
These two high resolution converters are identical except for 
output coding. The ADC-141has14-bit binary plus sign coding, 
while the ADC-171 has 4'h digits plus sign output coding. Both 
feature a normal mode rejection ratio of 70dB, an automatic 
zero correction cycle , and a gain TC of only ±lOppm/'c. 

10 
11 
12 

13 

POLARITY 
~--OVERLOAD 
o~ 

OVERRANGE 
<>----aooo- -
°"4ooo 
~ 2000 
~o 

800 
~00 
0--2~() 

100 

~BO 

BLOCK DIAGRAM 
ADC-141 & ADC-171 

COU NTER 

14 
40 

~o 
15 0-- -

16 ~ 8 

LS"N REF IN 
•RH OUT 

17 4 
18 0---------,---
19 1 
20 ~ -~-~-~ 

21 O~OWN 

22 RAMP uP =-
23 CLOC K IN 
2 4 CLOCK OUT 
25 ~VERT CM_D _ 
26 

~ REFOUT 0 -0 
•15V 

LOGIC 15V 

~ 

~ J 

NOH ON TH£ ADC 141 PINS G 7 AND 8 ARE O M ITTED THE MSB IS ON PIN 4 ANO BIT '} 

IS ON PIN 5 BITS 3 THROUGH 14 ARE ON PINS 9 THROUGH 20 RESPECTIVELY 
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48 
47 

38 
37 
36 
35 

32 

31 

29 
28 

27 

ADCUOO 
The ADCl 100 is a new dual slope AID converter in a compact 
2" x 4" x 0.4" module. It can be triggered externally, or inter
nally at a rate of about 4conversionslsec, or it can be wired to 
start a new conversion when the conversion in progress is com
pleted. It is ideal for driving a display , or feeding data to a 
computer , or for doing both jobs simultaneously. Since it re
quires only +SV power, and has a normal mode noise rejection 
ratio of 40dB minimum, it is a natural choice for installation 
at transducer locations. 

HOLD 8 
POLARITY 9 

READY 10 

TRIGGER t1 

1 14 
2 15 
4 16 
• 17 

10 22 
DATA 20 23 

OUTPUTS 40 24 
80 25 

100 31 
200 32 
400 33 
800 34 

1000 35 

BLOCK DIAGRAM 
ADCllOO 

72 INPUT 

67 ANALOG GRD 
66 OFFSET 

65 OVERLOAD 
64 REF IN 

61 REF OUT 

60 REF RETURN 

43 RAM P DOWN 
42 FREQ ADJ 

40 DIGITAL GAO 

39 CLOCK IN 
38 CLOCK OUT 
37 +SVOC 



SPECIFICATION SUMMARY (Typical @ +25°C unless otherwise noted) 

Model ADC-141 ADC-171 ADCllOO 

Resolution 14 binary bits 4 V2 BCD digits 1 3V2 BCD digits 
plus sign plus sign plus sign 

Linearitl Error ±0.0 1 % * ±0.05% 
Analog Input 

Range ±lOV ±12V ±199.9mV 
Impedance 180kD * 108 n 
Bias Current NIA * l.5nA 
Resolution 0.6lmV/bit 1.0mV/bit O.lmV/bit 
Continuous Overload2 ±IOOV max * ±ZOV max 

Normal Mode Rejection 
@ 60Hz 3 70dB * 40dB min4 

Conversion Time 40ms max * 42ms max5 

Digital Control 
Inputs and Outputs TTL/DTL Compatible * * 

Data Outputs TTL Positive True * * 
Output Code Sign plus Sign plus Sign plus 

magnitude binarl ma~nitude BCD magnitude BCD 
Temperature Coefficients 

Gain ±lOppm!°C * ±50ppml°C max 
Offset ±lOµV f°C * ±2ppm!°C max 

Power Required +15V @ 30mA * +5V@200mA 
-15V@ 30mA * 
+5V@200mA * 

Package Style C-5 * C-3 
Package Dimensions 3" x 4" x 0.4" * 2" x 4" x 0.4" 
Price (1-9) $259 . * $99 . 

(100+) $67. 

1 Maximum digital output code is 11999, which corresponds to an input of l 1.999V. 
2 Maximum overload that can be sustained indefinitely, with power on or off, without endangering the unit. 
3 Both the ADC-I and ADCl 100 can be adjusted by the user ta optimize the normal mode rejection of SOH z noise , rather 
than 60Hz noise, if desired. 
4 The ADCl 100 has provisions for connecting an external phase locked loop that can increase the normal mode noise 
rejection ratio to over lOOdB . 
5 In the event of an overload, it can take as long as 70ms to complete a conversion. 
*Specifications same as for model ADC-141. 

CONVERT 
COMMAND 

CONVERSION 
CYCLE 

CLOCK GATED 
TO COUNTER 

RAMP DOWN 

TIMING DIAGRAM 
ADC-141 & ADC-171 

f--- 25 SAMPLES / SEC MAX ---j 
100ns MIN 

NOTE 2-i ~ 

NOTE, ~I 
LJ b 16 2/3 I ms FS 

7ms 
MIN ZERO 
CORRECT 

i---11 
FS COUNT OUTPUT COUNT 

,---"'-----. ,-------"----. 

111111111111111111111 

NOTE 3 

POLARITY VA LID J_ _______ [::'l.~~~7/,/7,l 
OUTPUT VAL~ID:.....+------------V'///A-

(When Ramp Down Interval Exceeds 16 2 / Jms)--f __ _ 
OVERLOAD----- ---------' 

OTES: 

Maximum delay of one clock pulse to synchronize with clock. 

Delay of "v 1 Yz clock periods to reset counter and strobe comparator 
for polarity data. 
7ms min delay for drift correction phase. 

TRIGGER 

INTEGRATOR 1 

STATUS 

TIMING DIAGRAM 
ADCllOO 

POLARITY 2 ___________ __, 

OVERLOADJ------------------~'·-----

1 Reference integration time t = 20~:v x 16.67ms. In the event of an over· 

loaded input, tma11 "' SOms. 
; Polarity data 1s vahd anytime after the completion of the signal integration 
time period . 
' In the event of an overloaded input , the overload output will go to a logic " 1" 
approx . 42ms after the conversion commences. However , the status output will 
not return to zero until the integrator has been integrated back to zero, which 
can be as long as 70ms after the conven1on began. 

:s 
CD • ,, .. 
0 a. c 
" .. •• .. 
a 
" .. .. 
0 
0 

CONVERTERS 95 



M 
0 ... ... 
"' I::. 
cc 
•• ... 
" :a -a 
0 .. 
a. 

• G» 
I: 

FAST A/D CONVERTER 
ADCll03 

GENERAL DESCRIPTION 

ADC1103 
These analog-to-digital converters are characterized primarily 
by very high speed. They are especially well suited for applica
tions requiring high throughput rates with no compromise in 
accuracy. They can be considered general purp0se devices as 
well, however, and are a natural choice for large data acquisi
tion systems. Among other typical applications are geophysical 
data acquisition, simultaneous sample-and-hold systems, and 
conversion for data entry into digital filters and correlators. 

The ADC1103 is a very fast successive approximation con
verter packaged in a small 2" x 4" module . The 12 bit versi 
performs a full conversion in less than 3.Sµs . The ADCllO: 
a complete self-contained converter, requiring only standar• 
±lSV and +SV power, and the usual control signals. The in1 
range and output coding arc user selected. 

+5V 
DIGITAL GAO 

-+15V 4 

- 15V 6 

MSB 8 

BIT 1 (MSB ) 10 

BIT 2 12 

Brr 3 15 

BIT 4 17 

BIT 5 19 

BIT 6 21 

BIT 7 23 

Brr B 25 

BIT 9 27 

BIT 10 30 

BIT n 32 

BIT 12 34 

BLOCK DIAGR AM 
AND PIN DESIGNATIONS 

ADC1103 

72 ~l;~S~TR 
70 GAIN ADJ 

61 DATA STROBE 

SB ~~~IAL DATA 

55 ANALOG GRD 

54 ANALOG GAO 

50 SIG GRD S,ENSE 
49 COMP IN 
48 INPUT 2 
47 INPUT 1 
46 OFFSET ADJ 

42 CONVERT CMO 

39 STATUS 
3 B 'Si'Ar'US 
37 CLK INHIBIT 

Note: The standard model does not I.ave a serial output, and 
therefore pins 58 and 61 arc deleted from it. In addition, the 
ADC1103--002 does not contain pins 32 and 34, and the ADC1103-
001 does not contain pins 27, 30, 32, and 34. 
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SPECIFICATION SUMMARY (Typical@ +25 °C unless otherwise not 

Model 

Resolution 
ADC1103--001 
ADC1103--002 
ADC1103--003 

Conversion Time 
ADC1103--001 
ADCl 103--002 
ADC1103--003 

Accuracy 
Error Relative to Full Scale 
Diff. Nonlinearity Error 

Gain TC 

Analog Input Ranges 
Input Impedance 

Digital Inputs & Outputs 
Output Codes 

With Unipolar Input Range 
With Bipolar Input Range 

Power Required 

Package Style 
Package Dimensions 

Prices (1-9) 
ADC1103--001 
ADCl 103--002 
ADCl 103--003 

ADC1103 

8 Bits 
10 Bits 
12 Bits 

1.0µs max 
1.2µs max 
3.Sµs max 

±YzLSB max 
±YzLSB max 

±lOppmJ°C max 

0 to +lOV, ±lOV, ±SV 
5 .00H2 on ±lOV Range, 

2.SOkQ on ocher Ranges 

TTL Compatible 

Positive True Binary 
Positive True Offset Binary 

or Two's Complement 

+15V@ 85mA max 
-15V@ 80mA max 
+SV@ 525mA max 

C-3 
2" x 4" x 0.75" 

$430 
$440 
$450 



HIGH RESOLUTION A/D CONVERTER 
ADC-16Q 

GENERAL DESCRIPTION 
When maximum resolution and accuracy are required, a 16 bit 
state-of-the-art AID converter is called for. An analog-to-digital 
converter with 65 ,5 36 distinct output codes, where an LSB is 
only 152µV, demands advanced engineering, skilled manufac
turing, and the use of the highest quality available components, 
without compromise. 

ADC-16Q 
The 16 bit ADC-16Q offers unprecedented linearity, accuracy, 
and stability in a very compact package. The 4Vi" x 6" P.C. 
board holds two modules : a standard DAC-16QM, and the 
1/0 (input/output) module which contains successive approxi
mations logic, a precision comparator, and a differential input 
buffer that features high common mode rejection. The no
effort-spared engineering that went into the design of the 
ADC-16Q took into account not only the internal design 

PIN DESIGNATIONS: ADC-16Q 

PIN FUNCTION PIN FUNCTION 

BIT I (MSB) A B IT (MSB) 
2 N.C. B BIT 2 

N.C. c BIT 3 
4 N.C. D BIT 4 
5 } INTERLOCK E BIT 5 
6 F BIT 6 
7 N.C. H BIT 7 
8 } EXTERNAL CAPAC ITOR J BIT 8 
9 FOR CLOCK RATE K BIT 9 

JU N.C. L BIT JU 
II BIT 14 M BIT II 
12 BIT 15 N BIT 12 
13 BIT 16 (LS B ) p BIT 13 
14 SERIAL OUTPUT R CLOCK OUTPUT 
15 CONVERT INPUT st SllORT CYCLE RETURN 
16 STATUS OUTPUT T STATUS OUTPUT 
17 DIGITAL 5V COMMON u +5VDC IN PUT (VL) 
18 + 15VDC INPUT (+Vs) v -J5VDC INPUT (-Vs) 

19:\: ±15 v COMMON wt ± J5V COMMON 
20 • SIGNAL(-) INPUT x• SIGNAL(-) INPUT 
2 1 SIGNAL(+) INP UT y• SIGNAL(-) INPUT 
22• SICNAL (- ) IN PUT z• SIGNA L(-) INPUT 

*Pins 20, 22 , X, Y, Zall connected internally to signal(-) input. 
Do not use as tie points for any function other than signal input. 
tPins 19 and W arc connected together internally . Use one for 
power ground and the other for signal source ground return. 
tMust be tied to Pin #17 for 16-bit operation. 

NOTES, 

1. In buffered modes, input is true differential. Thus reversal 
of input connections would yield ranges of 0 to -lOV, 

± lOV, and ±5V. 

2. When shipped, units will be jumpercd for+! OV operation 
with buffer. User can change jumpers to select a different 
input voltage range, and/or omit input buffer. 

problems, but also the system problems faced by a user who 
needs to make sure that the converter will perform in his 
system to the accuracy of which it is capable . Each ADC-16Q 
is supplied with a reference certificate and an error plot of its 
DAC made during final production test . 

SPECIFICATION SUMMARY (Typical@ +25 °C unless 
otherwise noted) 

Model 
Resolution, Bi ts 

Linearity Error 
Analog Input 

Ranges (Vo lts ) 
Impedance 

Direct 
with Buffer 

Conversion Time to 

Full Accuracy 
Settling Time of 

Input Buffer to 
Full Accuracy 

Digital Control 
Inputs and Outputs 

Data Outputs 
Output Codes 

Output Formats 
Reference 

Temperature Coefficient 
Gain 
Offset 

Power Required 

Package Style 
Package Dimensions 
Price (1 - 9) 

ADC-16Q 
16 Binary 

±0.00 15 % 

±5, ±10,+10 

5k or lOk ohms 1 

109 ohms 

400µs 2 

3.6ms2 

TTL/DTL Compatible 
TTL Positive True 
BIN, OBN, 2SC 

Parallel & Serial 
Internal precision 

reference 

0 .0008 %/°C max 
0.0002%J° C ±25µV J°C max 

+15V@ 18mA 
-15V@4lmA 
+5V@ 350mA 

C- 8 
4 y," x 6.0" x 0.44" 

$1350. 

1 Direct input impedance is lOk ohms for ± lOV input range , and 
Sk ohms for other input ranges. 
2 ADC-16Q can be operated at higher speeds with reduction in 
accuracy, or short-cycled . 
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LOW POWER A/D CONVERTER 
ADC-12QL 

GENERAL DESCRIPTION 
Low power converters have been developed to solve the 
problems of operation in remote areas with limited power. 
Ideally suited for operation from battery power, these 
products are particularly useful for ocean buoy installation, 
as well as for remote meteorlogical data acquisition. The 
small size and light weight also make them useful in portable 
medical and scientific instruments. 

CURRENT DRAIN VS CONVERSION RA TE 

CURRENT DRAIN VS CONVERSION RATE 

;: .. 25 E 

E er: 
I 20 300 ~ .... 
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w 
> .. 

75 

CONVERSION RATE - kHz 

ADC-12QL 
The ADC-12QL is an AID converter having total power 
consumption of about 1/2000 of that of a conventional 
design . Requiring only a single battery to supply all its power 

SPECIFICATION SUMMARY 
(Typical@ +25°C unless otherwise noted) 

Model ADC- 1 2QL 
Resolunon , BitS 12 
Linearity Error 
Analog Input Ranges 
Input Impedance 
Conversion Time2 

Digital Inputs and Outputs 2 

Parallel Data Output 
Serial Data Output 

Convert Command 

Status or Busy Signal 
Temperature Coefficient 

Gain (of Rangel 
Zero (Unipolar) 
Offset (Bipolar , - FS) 

Power Required 

Package Style 

Package Dimensions 
Price: (1-4) 

±'h LSB 

+5V l ±5V I +lOVl ±JOV I 

4.lk 8 .2k 8.2k l6 .4k 
85µs with log ic supply at +I 5V 
l 30µs with logic supply a t +6V 

TTL compatible with +6V logic supply 
C/MOS com patible with +I 5 V logic supply 

12-bit binary , positive true 

Negative true, MS B first 

l .Oµs pulse min, 70% of logic power level 
" I " during conversion 

J 
50ppml° C max 
50µV J° C max 
20ppm!°C max 

K 
20ppm l°C max 

Logic : +6V to +15V Analog : +12V to +15V 
(can be operated from single I 5V battery) 

C-8 
4.1" x 4.025" x 0 .35" 

J K 
$675. $950 . 

User specifies desired inpu t range at time of order. 
2 Logic supply utilizes separate connection , co allow the user the convenience 
of either C/MOS or TTL compatibiliry . 
•specifications same as for Model ADC-l 2QL/J . 
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needs, it allows the systems engineer to make important 
savings in power source weight and volume. The ADC-12QL 
normally rests in a standby state. The converter is turned on 
by the convert command, fully stabilizes in a few micro
seconds; at the end of the conversion, it returns automatically 
to the standby state. 

PIN DESIGNATIONS : ADC-12QL 

PIN FUNCTION PIN FUNCTION 

I N.C . A BIT 1 (MSB) 
2 CLOCK B BIT 2 
3 EXTERNAL CLOCK CAP. c BIT 3 
4 STATUS D BIT 4 

n E BIT 
N.C. F BIT 6 

H BIT 
8 SERIAL OUT J BIT 8 

,:1 K BIT 9 
L BIT 10 

II M BIT II 
12 N.C. N BIT 12 (LSB) 
13 

~ } 14 
IS SUPPLY GROUND s N.C. 
16 N.C. 

~ 17 LOGIC SUPPLY 
18 ANALOG INP UT v CONVERT COMMAND 
19 SIGNAL GROUND w N.C. 

20 } 
x N.C. 

21 N.C. y ANALOG SUPPLY 
22 z N.C. 

ORDERING GUIDE: ADC-QL 

MODEL ADC 12QL 

Series 

Converter Type I QL 

x 
Gain 

Stabilit 
0 

J - 50ppm/
0 

C 
K -20ppm/ C 

xx 

In ut Range 

... 5 (V) 
± 5 (V) 
+10 (V) 
±10 (V) 
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MULTIPLEXER 
MPX-SA 

Cl5B'29 0 
"I - IS ... ANALOG~ 828 0 
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o lOCH O•JOUT INV20UT19 o 

0 11 CH 3 IN ENBL 2 18 0 

O 12 CH 21N INV I IN 17 O 

o 13 CH I IN INV 1 OUT 16 0 

o 14 CH OIN EN Bl 115 0 

MULTIPLEXER 

GENERAL DESCRIPTION 
The MPX-8A is an accurate high-speed 8-channel MOSFET 
multiplexer complete with versatile binary address control 
logic. It can be used either with AID converters to acquire 
data from a number of sources, or with DI A converters to 

distribute data to a number of loads. 

The control logic contained within the MPX-8A allows the 
user to connect the unit as either an 8-channel single-ended 
multiplexer, or as a 4-channel differential mode multiplexer. 
All of the logic needed to expand to up to 64 channels is 
also included. 

SPECIFICATION SUMMARY (Typical@+25°C unless otherwise noted) 

Model MPX-8A 

Channels 
Single-Ended 
Differential 

Voltage Range 
Rated Operation 
Overload Protection 

Transfer Error 
Settling to 0.01 % 
Cross Channel Coupling 
Common Mode Rejection 

DC 
60Hz 

Channel Addressing 
Address Logic 
Power Requirement 

Package Style 
Package Dimensions 
Price (1-9) 

81,2 

4 

±lOV 
±lSV 

0.01% 
<2µs 

<-80dB 

120dB 
106dB 

Binary Code 
TTL Compatible/Positive True 

+15V, ±IV@ 6.2mA 
-15V, -1 V, +OV@ 4mA 

+SV, ±10%@ 102mA 

C-1 
2" x 2" x 0.4" 

$175. 

1 Single-ended or differential operation is determined by jumper at 
module pins. 

2 MPX-8A includes logic for expansion to 64 channels. 
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SAMPLE-AND-HOLD AMPLIFIERS 
SHA-IA, 2A, 3, 4, 5, 6 

GENERAL DESCRIPTION 
Analog Devices' wide selection of Sample-and-Hold Amplifiers 
(SHA's) permits the selection of a SHA that is well suited for 
virtually any application . Each type offers a unique combina
tion of speed, accuracy, and cost . 

SHA-IA 
The SHA-IA is a general purpose SHA offering moderately 
high speed and accuracy at a reasonable price . It settles to 
0.01 % in under 5µs, and its droop rate (decay when in HOLD) 
is no greater than 50µV/µs . 

SHA-2A 
The SHA-2A is a very fast Sample-and-Hold module with ac
curacy and dynamic performance that make it appropriate for 
use with very fast 12 bit AID converters. It settles to 0.1 % in 
less than 300ns , and to 0 .01 % in less than 500ns. 

SHA-3 and SHA-4 
These two SHA's were designed for high accuracy at longer 
hold times . They settle to 0 .01 % in 75 µs or less . The two differ 
in that when switched from HOLD to SAMPLE , the SHA-4 
settles more rapidly than does the SHA- 3. 

BLOCK DIAGRAM 
SHA-2A 

O MOOE CONTROL 

ILLUSTRATION OF SPECIFICATIONS 

H OL D TO SAMP LE 

INPUT 
-1 ~~?~~SIT I O N ; 

OUTPUT 

I I SETT LIN G TI M E 
!SAM PLE TO HO_LO 

- ../ 
I 

-l APERTU RE 

: senuNG Tt M E I T•M E 
IN H OLD 

1

1 ' : ,SA M PLE II r---
LOG1C CON TR OL ,c 0 ' L---.... 

HOLo ...J- SAM PLE --..;+---HOLO __ .,.I>- SAMPLE 

I !TRA C K f 
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SHA-5 
The SHA-5 is a low cost general purpose sample-and-hold that 
offers good performance at a very low price. It settles to 0.01 % 
in 15µs, and has a droop rate of only 5µV / ms. 

SHA-6 
The SHA-6 was designed as a companion to the high resolution 
ADC-16Q AID converter. It will acquire a signal to 16 bit ac
curacy (0 .00075%) in 5ms, and then hold it long enough for 
the ADC-16Qto convert it to a 16 bit digital word . It features 
excellent gain stability over both time and temperature. 

PIN DESIGNATIONS: SHA-5 

1. ANALOG GRO UND 8. LOGIC GRO UND 
2. - lSV 9 . N.C. 
3. +lSV 10. N.C. 
4 . N.C. 11. N. C. 
5. N.C. 12. ANA LOG O UTPUT 
6. SIGNAL IN 13. NO PI N 
7. CONTROL IN 14. N.C. 



SPECIFICATION SUMMARY (Typical@ +25 °C unless otherwise noted) 

APPLICATIONS General Fast Low Droop 
Purpose Slow Settle 

Model 1 SHA-lA SHA-2A2 SHA-3 3 

Acquisition 5µs to 500ns to 75µs to 
Time 0.01% 0.01% 0.01% 

Droop Rate 50µV/ms max lOµV /µs lOµV/ms 
Input Range ±lOV ±lOV ±lOV 

Gain 
Gain Error +O, --0.05% +O, --0.01 % ±0.01% 
Input 

Impedance 1012 n 1011 n 108 !1 

Aperture Delay 40ns !Ons 50ns 
Aperrure 

Jitter 5ns 0.25ns 5ns 
Power Require-

ments ±15V@ 15mA lOOmA 15mA 

Package Size 2" x 2" x 0.4" 2" x 3" x 0.4" I 1/8" x 2" x 0.4" 
Package Style C-1 C-2 C-4 
Price (1-9) $150. $225. $95 . 

Low Droop 
Fast Settle 

SHA-43 

75µs to 

0.01% 
lOµV /ms 
±lOV 

±0.01% 

108 !1 

50ns 

5ns 

18mA 

I 1/8" x 2" x0.4" 
C-4 

$120. 

Low 
Cost 

SHA-5 

15µsto 
0.01% 

5µV/ms 
±lOV 

±0.0 1% 

4xto•n 

40ns 

4ns 

25mA 

1/8" x 2" x 0.4" 
C-4 

$47 . 
(100+) $32 . 

High 
Resolution 

SHA-6 

5ms to 

0.00075% 
lOmV/sec max 

±ll V 

1 to 1000 
±0.2%4 

109 !1 

-l.7µs 

lOns 

17mA 

2" x 4" x 0.4" 
C-3 

$375 . 

1 Mode control input on all SHA 's is TTL/DTL compatible . On all models except SHA-6, Logic" 1" is sample and Logic "O" is hold. On SHA-6, 
Logic "O" is sample and Logic "1" is hold. 

2 SHA-2A may be used as a follower or inverter. It can also be used at gains higher than unity with appropriate degradation in bandwidth. 
3 SHA-3 and SHA-4 differ only in that SHA-4 settles much faster when switched from HOLD to SAMPLE. Settling Time to± lmV is 

lOOµs for SHA-3 and 20µ> for SHA-4 . 
4 Gain error from formula used to calculate value of gain resistor. Gain stability is ±0.0002%/month and ±0.0002%/°C. 

PIN DESIGNATIONS: SHA-6 

3. +EouT 
5. -EouT 

16. -15V 

18 . ANALOG COMMON 

19. +lSV 

36 . MODE CONTROL INPUT 

37. MODE CONTROL COMMON 

59. -EIN 

64 . GAIN CONTROL 

67. +E1N 

69. GAIN CONTROL 

NOTE: The pins listed above are the 
only pins that appear on the SHA-6. 

SHA-lA 

SHA-2A Top View 

Top View 

SHA-5 a ANALOG 
• t DEVICES 14• 
•2 

SHA5 
13• 

•3 12• 
•4 11 • 
•6 10• 
•8 9 • 
•7 8 • 

Top View 

MADE IN U.S.A. 
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TRACKING SYNCHRO TO DIGIT AL CONVERTERS 
SINGLE AND TWO SPEED 

GENERAL DESCRIPTION 
The "SDC" series converters are continuous tracking synchro 
or resolver to digital converters intended for military and in
dustrial control applications. 

Key to the small size and high reliability of the units is exten
sive use of monolithic analog switches, linear integrated cir
cuits, MSI logic functions and thin film resistor networks. 

The SDC series converters are highly accurate devices which 
are relatively insensitive to input amplitude variations, AC 
source excitation frequency variations, harmonic distortions 
and power supply variations . Accuracies, including all error 
sources, of ±4 arc-minutes are achieved in the 14 bit version, 
and ±30 arc-minutes in the 10 bit version, resulting from the 
basic ratiometric conversion technique and careful selection 
of IC components. 

SINGLE SPEED 10 AND 14 BIT 
Eight basic models are offered which cover the three primary 
variations which have a cost impact. These are 1) 14 bit or 
10 bit resolution, 2) standard (SN) or extended (ET) operating 
temperature range , and 3) 400Hz or 60Hz. 

The 400Hz units include the input isolating and scaling trans
formers within the module. Since 60Hz transformers are larger, 
they are packaged in a separate module, the associated conver
ter module being less transformers. 

# of Bits Temp. range Freq. Converter 

14 SN 400Hz SDC 1602 
14 ET 400Hz SDC 1603 
10 SN 400Hz SDC 1604 
10 ET 400Hz SDC 1605 
14 SN 60Hz SDC 1606 
14 ET 60Hz SDC 1607 
10 SN 60Hz SDC 1608 
10 ET 60Hz SDC 1609 

ORDERING GUIDE 

1) Specify basic model number from above. 
2) Specify synchro or resolver input. 

Transformers 

inte!!ral to conv. ,y ,, 

" " ,, ,, 
plus SDC 1610 

n " ,, ,, 
,, ,, 

3) Specify signal voltage level from SPECIFICATIONS. 
4) For two speed units specify also gear ratio. 
5) For TSL units only gear ratio need be specified. 

Block Diagram for 

"SDC" Series Converters 
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TWO SPEED 10 BIT 
These units are intended for use with electrically or mechani
cally coupled two speed systems for which they provide the 
coarse channel converter. For binary weighted systems, one 
module contains both a 10 bit S to D converter, plus a two 
speed processor and synchronizing logic. The number of bits 
used will be equal to the gear box ratio. Specifications of the 
10 bit S to D portion are the same as the SDC 1604, 1605, 
1608 or 1609. Gear Ratios available are 8 :1, 16 :1 , and 32 :1. 
Models are: 

#of Bits Temp. range Freq. Converter Transformers 

10 SN 400Hz TSC 1611 integral to conv 
10 ET 400Hz TSC 1612 

,, ,, 

10 SN 60Hz TSC 1613 plus SDC 1610 
10 ET 60Hz TSC 1614 

,, ,, 

TWO SPEED LOGIC 
For non-binary gear ratios (9 :1 and 36 :1) a separate module is 
required in addition to two single speed S to D converters. This 
module includes only the two speed processor and synchroniz
ing logic. There is a rounding down error to the closest binary 
ratio. The coarse converter provides either 5 bits (36 :1) or 3 
bits (9 :1). A 19 bit two speed (36 :1) system requires only 
three modules, a TSC, a 14 bit S/D and a 10 bit SID. Models are : 

TSL 1615 
TSL 1616 

Std. temp . 
Ext . temp. 

non-binary 
non-binary 

two speed logic 
two speed logic 

Block Diagram of 32: 1 
Two Speed System 

QIJAORANt 
SELECTOR 

sv:~~£R~ : 
, MSB 

,.......... COARSE T-..,... T o SYNCHRO NOT 

321/ Ri USED 

~ 
OUTPUT ANGLE 

19 Bfl RESOLUTION 
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,_••_•_so_N "-' SO_N_I -· Y _ _,, COSINE MUl.Tlf't.IER 
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SPECIFICATION SUMMARY (typical® +25° C and :t lSVDC and +SVDC unless otherwise noted) 

MODELS' 14 BIT UN ITS IO BIT UNITS 

400Hz 
400Hz 

60Hz 
60Hz 

ACCURACY 2 (max) : 

RESOLUTION: 

OUTPUT (in parallel ): 

SIGNAL VOLTAGES: (Line-co-Line) 
Low Level 

High Level 

SIGNA L IMPEDAN CE: 
Low Level 
High Level 

REFERENCE VOLTAGE : 

SDC1602 
SDC1603 
SDC1606 plu s SDC1610 
SDC1607 plus SDC1610 

±4 an ....... minurcs 

14 bits ( 1 LSB ; 1. 3 arL~ minutes) 

14 bits natural binary angle 

Synchro 1 I .8V rms L-L 
Resolver 11 .SV rms L-L 
Resolver 26.0V rms L-L 
Synchro 90.0V rms L-L 
Resolver 90.0V rms L-L 
Resolver 11 S .OV rms L-L 

20k ohms L-L Balanced 
200k ohms L-L Balanced 

Low Level 
High Level 

26V rms 400Hz or 60Hz as appropriate 
I l S V rms 4001-lz or 60Hz as appropriate 

REFERENCE IMPEDANCE : 
Low Level 
High Level 

TRANSFORMER ISOLATION : 

TRACKING RATE: 

ACC EL ERA Tl ON: 

STEP RESPONSE (179° /step): 

POWER SUPPLIES 3
: 

POWER DISSIPATION (max) 

LOGIC OUTPUTS 

CONVERTER BUSY 

INHIBIT 

TEMP. RANGE OPERATING: 
SDC1602, SDC1604, SDC1606 

SOC 1608 , TSC 1611 and TSC 1613 
SDC1603, SDC1605 , SDC1607, 

SOC 1609, SOC 1610 , TSC 1612 
and TSC 1614 

TEMP . RANGE STORAGE (all ) 

WARM UP: 

DIMENSIONS : 
All (excepr SDC1610) 

SDC1610 

WEIGHT : 

PRICE (1 -9) 

20k ohms 
200k o hms 

soovoc 
I 440° /second 

I 80° /sec' for 1 LSB Error 

300 milliseconds for 1 LSB Error 

+I SV at 40 milliamps 
- ISV at 40 milliamps 
+ SV at 200 milliamps 

2. S Watts 

DTL/TTL Compatible 
Fan out: four TTL Input Loads 

Posir ive Pu lsc 2 Microseconds 
Duration During Output Update 

DTL/TTL Compatible 
Fan in one TTL I npur Load 

0 to +70°C (standard) 

-SS°C co +105°C (exrended) 

- 55°C co +l 25° C 

S minutes co rated accuracy 

3. 125 " x 2.625 " x 0 .8" 
1.5" x3 . 125 " x0.9" 

7 oz . (200gm) 

SDC1602 - $680 
SDC1603 - $775 
SDCl606/SDC1610 - $730 
SDCl607/SDCl610 - $825 

NOTES : 1. 

2. 

Nominal 60Hz units operate over range of SO co 400Hz. 

Accuracy applies over the operaring remperature range and for 
(a) ± 10% signal & reference amplitude variation 
(b) ± 10% reference frequency variat ion 
(c) 10% signal and reference harmonic distortion 
(d) :t 5% power supply variation 

3. 

SOC 1604orTSC 1611 
SOC 1605 or TSC 1612 
TSC 1613 or SOC 1608 plus SOC 1610 
TSC 1614 o r SOC 1609 plu s SOC 16 10 

:t 30 arc- minutes 

10 bits ( 1 LSB; 21 arc-minutes) 

10 bits natural binary angle 

+I SV ar 30 milliamps 
- 1 SV ar 30 milliarnps 
+ SV at 1 SO milliamps 

2.0 Watts 

soc 1604 - $480 
SDC1605 - $5 40 
SDC l608/SDC1610 - $530 
SDC1609/SDCl610 - $585 
TSC 1611 - $635 
TSC 1612 - $7 35 
TSC 1613 /SDC 1610 - $685 
TSC 1614 /SDC 1610 - $785 

14 bit units will operate down co ; 12VDC 
10 bit units will operate down co ! I OVDC 

CONVERTERS 103 

::s 
CD • ,. .. 
0 a. 
c 
" ... 



.. 
" ::t -a 
0 .. 
A. 

• G» c: 

ANGLE POSITION INDICATOR 
API 1617 

GENERAL DESCRIPTION 
·The API 1617 is an angular position indicator that provides a 
LED readout (and a BCD or binary output) of angles from 0° 
to 359 .98° with 0 .02° resolution and 0.05° error, at tracking 
speeds up to 1440° /second. 

The API 1617 utilizes a modular approach in its design which 
includes separate plug-in modules for the 14 bit binary tracking 
synchro-to-digital converter and the binary to BCD converter. 

The synchro (or resolver) input is dedicated to a particular 
signal/reference voltage range and frequency, by selection of 
an appropriate SDC 1602 or SDC 1606/SDC 1610. Versatility 
may be gained by purchasing additional SDC modules to match 
other expected input types and ranges. 

The 5 digit BCD display may be specified in either degrees and 
decimal fractions of degrees or degrees and minutes. The BCD 
digital output matches the selected display coding, or may 
optionally be the original 14 bit binary data. 

Accuracy of the unit is maintained over 10% variations of 
signal/reference amplitude and frequency variations and 10% 
signal/reference harmonic distortions. The unit's accuracy is 
also maintained over its operating temperature range. There is 
no warm-up drift. The basic S to D converter needs no adjust-

ORDERING GUIDE 
API 1617 
The user must specify three items when ordering : I) specific 
SDC to be used ; II) type of display and III) type of digi
tal output. 
I) A. Select either an SDC 1602 (400Hz) or SDC 1606/ 

SDC 1610 combination (60Hz). 
I) 

I) 

B. 
C. 

Specify SYNCHRO or RESOLVER input. 

Specify signal voltage level from the API 1617 
SPECIFICATION table. 

II) Specify display in degrees and decimal fractions· of de
grees or display in degrees and minutes. 

III) Specify digital outputs as BCD or binary. (The BCD out
puts will match the selection in II above.) 

CON TROLS---.... 

~~~~~~ == soc 1602 

REHRENCE--
INPUT --

OR 

SOC 16061SOC 1610 

'--------' 

SYNCHRO TO DIGIT Al 
CONVER HR 

14 BITS 
BINARY 

'15V 15V •5V 

AC - -
LINE POWER SUPPLI FS 

INPur - -
'------~ 

SOM 16 18 

BINARY TO 

BCD CONVERTER 

D IGITAL OUTPUTS 
EITHER BINARY OR 
BCD BUT NOl ROTH 

Block Diagram 
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LED 
DISPLAY 

WITH DECODERS 
ANO DRIVERS 

ment, consequently no potentiometers are included in the unit. 

Since the API 1617 uses a continuous tracking technique it 
does not require an external convert command pulse to make 
it operate. However, it may be externally controlled and the 
logic necessary to this is built in. A "converter busy " pulse is · 
made available to allow external gating. An externally applied 
"converter inhibit" command will free the data, while a "dis
play enable" command will output the data. 

BDM 1618 
Included within the API 1617 is a 14 bit binary to five decimal 
digit converter, the BDM 1618. This module is available as a 
separate item for those applications where the user may wish to 

package his own display of synchro data . It is also used in those 
applications where synchro or resolver data must be converted 
and presented in BCD form . 

Two options are available on the BCD output data ; either de
grees and decimal fractions of degrees (359.98°) or degrees and 
minutes (359 ° 59') . In the-fractional degree version, there is a 
slight rounding off error since 14 bits binary is equivalent to 
0.02° and a 15 bit binary S to D converter would be required 
for 0 .01° 

SPECIFICATION SUMMARY (Typical @ +25 °C and nominal 
line voltage .) 
Accuracy 
Resolution 
Display 

Angle Range 

Tracking rate 
Synchronizing time 
Signal Voltages : (line· to·line) 

Lo w Levd 

High Level 

Signal Impedance : 
Low Level 
High Level 

Reference Voltage : 
Low Level 
High Level 

Reference Impedance : 
Low Levd 
High Level 

Transformer Isola.ti on: 
AC Line Inpu t : 

Voltage & Power 
Frequency 
Control 

Digital Signals 
Converter Inhibit 
Converter Busy 
Display Enable 
Outputs 

Temperature Range 
Size 

Price 
API 1617 
BDM 1618 only 

±0.05 
±0.02° 

5 digit 5 x7 dot matrix LED 

000-.00 to 359 .98 continuous rotation 
or 

000°00' to 359° 59' continuous rotation 
1440° /sec 

300 milliseconds 

Synchro 11.8V rms L-L 
Resolver 11 .8V rms L-L 
Resolver 26.0V rms L-L 
Synchro 90.0V rms L-L 
Resolver 90.0V rms L-L 
Resolver 115 .OV rms L-L 

20k!1 L-L balanced 
200k!1 L-L balanced 

26V rms 400H z or 60Hz as appropriate 
115V rms 400Hz or 60H z as appropriate 

20k!1 
200k!1 

500VDC 

I 15V rms ±10%@ 30VA 
45 to 450Hz 

Front Panel on/off 
DTL/TTL compatible 

"O" ; track " 1" ; hold 
"O" ; data stable "1 " ; busy 

"O"; up-date (follow) " 1" ; ho ld 
5 BCD decades or 14 bits bi nary 

Oto+50° C 
10.50 " deep x 9 .49 " front panel width x 

I. 7 4" front panel height 
(!-9) 00-24) 
$1645 $1563 
$ 355 $ 340 



DIGIT AL TO SYNCH RO CONVERTERS ; 
GENERAL DESCRIPTION 
These units are continuously updating digital to synchro (or 
resolver) converters intended for military or industrial control 
applications. The converter accepts a 14 bit natural binary 
angle and converts this into sine/cosine format for resolvers or 
3 wire synchro format. 

For 400Hz operation the output isolation or Scott-T trans
formers are included within.the module. For 60Hz the trans
formers are supplied in a separate module. Sufficient power (ap
proximately 2W) is available to directly drive most control 
transformers, a high power Scott-T is available for heavier loads. 
Two speed processors are also available for two speed D to S 
systems. Accuracy of ±5 minutes is maintained over the operating 
temperature range, ±10% reference amplitude and frequency 
variation, 10% reference harmonic distortion and ±5% power 
supply variation; in any combination . ET versions are available 
for operation to +85°C with no derating, up to +105°C 
with derating. 

ORDERING GUIDE 
1. Specify basic model number. 
2. Specify SYNCHRO or RESOLVER output: 
3. Specify output voltage level per SPEC SUMMARY. 

SPECIFICATION SUMMARY (Typical @ +25 °C and nominal 
power supplies, unless otherwise noted.) 

Accuracy (max) 

Resolution 
Output Voltages (li ne-to-line) 

Output Load (max) 

Reference Voltage/Impedance 

Power Supp lies 

Logic In pu ts 
Temp . Range Operating 

Dimensions (except DSC 1623) 
DSC 1623 

Prices (1 -9) 
DSC 16 19 std temp -WO ll z 
DSC 16 20 ext te mp 4001 lz 
DSC 162 1/DSC 1623 

std temp 601 lz 
DSC 1622/DSC 1623 ext 

temp 60 1lz 

±5 arc-mi nutt:s 
includes variat io ns as noted 
above in general description 

14 bit s (JI.SB = l.3 arc -minutes) 
I l .8V rms L- L Sy nchro u r 

Resolver 
90 .0V rms L- 1. Synchro 

I OOD L-L baJa nccd Q~ I I .XV nns 
S SOOD. L-L ba lanced (!l' 90V rms 

26V rms for l l.8V out puts int o 
20kD. 

I IS V rms for 90V outputs into 
2UOkD. 

± ISVat 160mAave.700mApcak 
+SV a t 200mA 

DTL/TTI. compa t ible (;!l 2 TTL loads 
0 to + 70° C (sta nda rd ) 

-ss " c to +1os "c (extended) 
3.125 " x 2 .625" x 0 .8" 

4.4" x 1.s " x 1.9" 

$535 
$635 

$585 

$685 

MULTIPLEXED SYNCH RO TO DIGIT AL CONVERTERS 
GENERAL DESCRIPTION 
The SSD series of modular converters are intended for use with 
multi-channel time shared synchro and/or resolver inputs in 
avionic and marine applications. The SSD series is designed for 
easy expansion to a 48 channel system by adding functional in
put modules which feed a single converter. The functional 
blocks are : 

1. a signal isolation transformer, dual sample and hold 
with multiplexer . 

2 . reference isolation transformer, peak detector . 

3. 14 bit binary resolver to digital converter. 

Inputs to the system may be either high or low level synchros, 
or low level resolvers, 400Hz or 60Hz. Different references may 
be handled by adding a reference transformer/peak detector 
for each reference powering a se_t of synchros or resolvers. 
400Hz and 60Hz modules may be intermixed in a given system. 

THEORY OF OPERATION 

All channels are simultaneously sampled on the ·peak of the 
reference waveform. The signal transformer isolates the inputs 
(synchro or resolver) and provides two outputs in Vp sin wt 
sin 8 and Vp sin wt cos 8 form. These outputs feed two high 
speed sample and hold amplifiers (one each for sin 8 and cos 8) 
per signal input. When in hold , the S/H outputs are then multi
plexed (either sequentially or random access) into a common 
converter . The resolver to digital converter is a high speed suc
cessive approximation type. 

SPECIFICATION SUMMARY (Typical@ +25 °C, unless 
otherwise noted.) 
Accuracy (mi n ) 
Resolutio n 
Output 
In put 

Referen ce 

Convert Command 

Co nversion Time (max) 
Conversio n Time (mi n) 

Channel Access 
Acqu isit io n Time (max) 
Sampli ng 
Logic Levels 
Tcmpcra Lurc Ra ng..: 
Power Supplies 
Power 

ORDERING GUIDE : 

±4 minutes o f arc ±0 .9 LSB 
14 Bits 

14 Bits of natural para lld bina rv angle 
3 wire 'ynchro I l .8V L- L rms 
3 wire synchru 90V 

2 wire resolver 26V rms 
26 V rms 
11 SV rms 

Positive pu lse , 100 ns wide , min 
Leading edge (" 0 " to " I " ) reset s 

previous data 
Trailing edge (" I " tu "O " ) 

in it iates conversion 
SOµs 

Up to 4 8 conversions per cycle o r 
19200 conversions per second 

Ra ndom o r Sequent ial 
SOµs 

At rcfcn.:nn.: pcaks 
TTL/DTI. l.cvcls 

0 tu +70° C or -55 ° C tu + l 25°C 
± IS VDC a nd +SV DC 

4 Watt s 

SSD 1627 Isolation , dual S/H, std temp 400Hz, $200 
SSD 1628 Isolation , dual S/H, ext temp 400Hz, $275 
SSD 1629/SDC 1610 Isolation , dual S/H, std temp 60Hz, $250 
SSD 1630/SDC 1610 Isolation , dual S/H, ext temp 60Hz, $325 
SSD 1631 Ref. trans. , peak detector, std temp 400Hz, $200 
SSD 1636 Ref. trans ., peak detector, ext temp 400Hz, $275 
SSD 1632/SDC 1610 Ref. trans., peak detector, std temp 

60Hz, $250 
SSD 1637/SDC 1610 Ref. trans., peak detector , ext temp 

60Hz, $325 
SSD 1633 14 bit resolver to dig . conv., std·temp , $625 
SSD 1634"14 bit resolver to dig . conv., ext temp, $875 
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DIGITAL PANEL METERS 

INTRODUCTION 
Today's digital panel meters (DPM's) are extremely useful and 
valuable components for making precise electrical measure
ments . They are capable of providing accurate, unambiguous 
readouts which satisfy a wide range of application requirements 
for test and laboratory instrumentation. The availability of 
digital output signals in some DPM designs extend their useful
ness in data acquisition systems where it is desirable to inter
face with data Logging or digital control instrumentation . 

GENERAL CONFIGURATION o r DPM's 
A basic understanding of how a DPM works can give the user a 
firmer basis for the selection and application of DPM's. A DPM 
is basically an analog-to-digital converter with a visual readout. 
The DPM samples the input voltage, converts the voltage to a 
digital signal, and presents the data as a visual display and data 
interface outputs. 

There are four functional sections in a digital panel meter : the 
input section, including the input signal conditioning and con
version circuitry, the display , the data outputs, and the power 
supply inputs. 

Processing the Input Signal 
The primary function of the input section is converting an in
put voltage to a digital signal for display . In many applications, 
the DPM must also reject noise picked up on input Jines , meas
ure the ratio of two voltages, or compensate for large variations 
in operating temperature. These requirements must be satisfied 
by design of the input section . 

In its simplest form, the input section is only an analog-to
digital converter with a single-ended input. The dual slope con
verter used in most high accuracy DPM's provides normal mode 
rejection of high frequency noise by averaging the input signal 
over a fixed sampling period . By adjusting the averaging period 
to line frequency, very high rejection of power line noise can 
be achieved . The staircase converter sometimes used in low
resolution, low-accuracy, low-cost DPM's requires RC filtering 
of the input signal to provide normal mode noise rejection. 

ANALOG IN 
HI 

ANALOG IN 

LO 
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DPM Simplified Block Diagram 

To further reduce the noise picked up on signal lines, one can 
isolate the input of the DPM with a differential input ampli
fier. Signals appearing on both input leads simultaneously will 
be attenuated by the common mode rejection ratio. Besides 
reducing noise, a differential input allows measurement of dif
ferences between two voltages as required in bridge or balanced 
ClfCUltS. 

Reduction in the effects of ground loops can be made by iso
lating the analog and digital sections of the DPM. Optical or 
transformer isolation of the digital control logic and trans
former coupling the DC to DC converter power supply section 
results in a fully floating analog section. The use of such 
techniques provides high quality isolation between the ana
log input section and the display and BCD output registers, 

and very large (>300V) common mode voltages can be 
accommodated. 

Dual slope converters compare the input voltage to a stable ref
erence voltage generated in the input section. By providing an 
external input for the reference voltage, the input can be com
pared to any user supplied reference, and the meter reading 
will be a function of the ratio of the two voltages. 

To preserve the accuracy of the DPM over changes of time and 
temperature, one must correct for zero offset and gain drifts. 
Automatic zero correction circuitry can be designed into the 
DPM to reestablish the correct zero level between each meas
urement . Careful component specification and selection can 
greatly reduce aging and temperature effects. 

Displaying the Data - Which Display for 
the Job? 
Once the input signal has been processed into digital data bits, 
it is decoded and displayed for visual readout. Numerous types 
of displays are available today, including liquid crystal, gas dis
charge (e.g . Sperry), light-emitting diode (LED), or incandes
cent (e .g. RCA Numitron) . Although liquid crystals have very 
low power requirements, they do not have good readability in 
all conditions and Analog Devices feels that their reliability has 
not yet been proven sufficient for DPM applications . LED's 
are extremely rugged and reliable. The availability of LED dis
plays integrated with MS! counters and latches simplifies DPM 
design, enhances reliabili ty and allows extremely small DPM 
packages. The 0.27" character size of these LED displays 
makes them easily readable for bench-top or other close-in 
operating conditions (less than 8'), under normal ambient 
lighting. 

The large Sperry and Numitron displays are the most visible, 
being easily readable at distances of 10 feet or more even in 
high ambient light conditions. Sperry displays require high 
voltage and are, therefore, generally used in AC line-powered 



DPM's. The Numitron display works well with logic-powered 
DPM 's, and their " white " light output allows filtering for 
color coded displays. 

Producing Digital Outputs 
Since the data display is decimal , DP M's use binary-coded 
decimal (8421 BCD) counters in the conversion circuitry. For 
display simplicity, the data outputs are usually available paral
lel, that is all BCD data bits are available simultaneously on 
separate lines . Although serial data makes wiring simpler (you 
need 13+ lines for 3'h digits BCD parallel , versus 2 lines for 
BCD serial), decoding of the data must be done at the receiving 
end of the serial line , increasing circuit complexity. If serial 
data is desired, Analog Devices' new serial control modules (see 
New Products Section) can provide for conversion to serial data 
as well as providing interfaces to teletypes and other data 
terminals. 

Data outputs can be unlatched , latched, or buffered. Unlatched 
outputs are taken directly from the counter in the converter 
circuit, and erroneous data will be present on the data lines 
during conversion. Unlatched outputs simplify circuitry and 
are perfectly adequate if proper care is taken in interfacing 
these outputs . 

Latched outputs accept the data from the converter section 
and hold the data for display and processing during the next 
conversion . At the end of each conversion, the data being held 
in the latches are updated. Latched outputs simplify processing 
since the data are available during relatively long time periods 
and no noise is present on the data lines during conversion. 

Buffered outputs are similar to latched outputs except the out
put data is gated onto the data lines by an external "STROBE" 
signal. Buffered outputs make multiplexing of digital data 
easier, since many devices can share common data lines and 
each can be gated onto the lines sequentially . However, 
buffered outputs require gates for each data output line to 
allow strobing data, requiring, for example 17 +AND gates 
for a 4'h digit DPM . The added circuit complexity and cost 
can rarely be justified for a DPM, and is not often used . 

Output data and control inputs are commonly DTL/TTL 
compatible since DTL/TTL is the most widely used digital 
logic . Future DPM's will require COS/MOS compatibility. 

Powering the DPM 
Line Power or Logic Power? Analog Devices pioneered the de
sign of +SVDC logic-powered digital panel meters. By operating 
the DPM from the +SV power suppl y commonly available in 
today's instrumentation, the size, weight, and cost of the meter 
can be greatly reduced, and the DPM can operate in a cooler 
environment. In addition, DPM's using line power often require 

shielding of the low level inputs from AC power lines, especially 
in designs using a common terminal connector for inputs, logic 
signals, and AC power. Even operational testing is safer , since 
no AC line voltage is present on the panel. 

However, SVDC powered DPM's may draw 0.5 to I .SA cur
rent from the instrument power supply. In addition, the cur
rent required by the display can vary by a factor of 3 in ex
treme cases (all 1 's to all S's) requiring a power supply with 
good transient regulation . If sufficient +SVDC power is not 
available or power supply regulation cannot prevent inter
actions with other system logic, an AC line powered DPM 
may provide easier integration into the measurement system. 

A Word About Reliability and Quality 
A highly competitive market has brought about greatly re
duced DPM prices leading to their widespread usage in scienti
fic and medical instrumentation, industrial control equipment, 
environmental systems, and aerospace and military systems 
which require extremely high reliability . A DPM must, there
fore, be designed for low c,)st but not at the expense of 
reliability . 

Designing a unit for high reliability and competitive cost re
quires devising simple circuits with a low parts count and 
making extensive use of high-reliability integrated circuits. 
The use of aluminum cases rather than plastic provide better 
heat transfer and lower operating temperature . Analog Devices 
uses high-volume buying and manufacturing techniques as well 
as utilizing in-house components to further lower cost without 
sacrificing quality and reliability. 

Good quality assurance includes incoming inspection of com
ponents and selection and grading of components in a con
trolled environment. Continuous visual and electrical inspec
tions and tests are conducted during production. Final testing 
and calibration are followed by a long burn-in period to insure 
that all DPM's meet our exacting requirements for performance 
and reliability . 

WHICH METER FOR THE APPLICATION - DIGITAL 
OR ANALOG? 
With the new low costs for DPM's, it is reasonable to consider 
DPM's for new instrument designs which previously used ana
log displays. Described below are several benefits to be gained 
by selecting a DPM for the design. 

First the digital display is completely free of ambiguity or in
terpolation errors. Even the most unskilled personnel can ac
curately read the large digital display . Secondly, it is not 
necessary for the operator to be close to or directly in front of 
the meter, thereby avoiding parallax errors . DPM's can be 
easily read at distances of 10-30 feet or more as well as over 
wide viewing angles. 
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The high resolution and large dynamic signal range of a DPM 
is also important. An analog meter will require considerable 
range switching to equal the performance of a 3'h or 4'h digit 
DPM . The resolution of a DPM can conveniently extend the 
useable range of measurements and accuracy of instruments 
formerly limited by the resolution of analog meters . 

The all solid state input circuitry of a DPM also provides sev
eral other distinct advantages. Because the DPM uses solid 
state input circuitry and feedback techniques, high input im
pedances (above 100 Megohms) are easily achieved and source 
loading errors are thereby avoided. Input bias currents are 
typically below 100 nanoamps. However, it is not uncommon 
for a high accuracy analog meter to draw 0.1-lmA of source 
current at full scale. At this level, unless a low impedance sig
nal source is available, source loading errors can become signi
ficant and a high input impedance op amp may be required to 
reduce loading errors. The complexity of the.meter installation 
increases significantly, thereby defeating the analog meter 's 
asset of application simplicity. 

The DPM's fast conversion rate and its ability to be externally 
triggered makes multiplexing of several inputs to one meter 
an easy task. Interfacing the BCD data outputs to a line 
printer can eliminate the need for any manual data logging. 
These outputs may also be used as parts of a digital loop for 
sensing signal levels and controlling instrumentation digitally . 

The physical size of the DPM is now an advantage . A 0 .5% (2 1/i 
digit) DPM requires only a 3" x 2" panel space; a d 'Arsonval 
meter of equivalent resolution requires a scale length of about 
7" and about 7" x 6" of front panel space. The all solid state 
DPM circuitry makes for a very rugged component, thus modern
day requirements for small size, light weight, ruggedness and 
portability often dictate the use of a DPM . 

Are Digital Meters Always the Best Choice? -
Other Considerations 
One cannot draw the conclusion that DPM's are always a 
better choice than analog meters. The lowest cost DPM's are 
still in the $50 price range and many applications require low 
cost, low resolution meters out of the DPM range. And in many 
applications, an experienced operator can derive much useful 
information from the "acceleration" and fluctuations of the 
pointer of an analog meter. Anticipatory adjustment and con
trol often hinges on estimating rate and acceleration, making 
an analog display mandatory in such circumstances. 

The electronic nature of the DPM can also negate its useful
ness in some applications. The JC circuits require a separate 
power supply (+5VDC or 115VAC) which may not be easily 
available in the instrument design . Installing an analog meter 
in a circuit is quite easy, whereas the possible circuit interac-
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tions of a DPM (such as ground loops and digital noise) require 
more careful circuit design . 

SELECTION OF A DPM 
To select the proper DPM, one must review the design require
ments of the application . This review should include a charac
terization of the input signal : its range, polarity , resolution , 
and accuracy required, whether any common mode voltage is 
present, and if noise pickup may be a problem. Maximum view
ing distance and viewing angle may dictate the type of visual 
display required. Is +SVDC logic power available or is a line
powered unit necessary? Are data outputs required for data 
logging or feedback control? 

Once the required specifications of the application have been 
identified, they must be compared to the specifications provided 
by the DPM manufacturers . Since no industry standards for 
DPM specifications exist, it is very important to understand 
how a manufacturer defines his particular specifications. The 
checklist below can be used as a guide to the proper selection 
of a DPM. 

Selection Checklist 

WHAT PERFORMANCE JS DESIRED? What resolution and 
accuracy a1e required? These specifications will determine the 
number of display digits and the level of accuracy need . A 2 'h 
digit meter can be used to replace most analog meters , a 3 V2 
digit DPM is usually adequate for general purpose applications, 
and a 4 'h digit DPM provides high resolution capability . 

WHAT INPUTS ARE TO BE MEASURED? The designer 
must know the range of voltages to be measured , bipolar or 
unipolar, the source impedance, what common mode voltage 
must be accommodated (if any), and if ratiometric measure
ments must be made with respect to external reference voltages. 

ARE ENVIRONMENTAL CONDITIONS HARSH? If the 
DPM is to be used in a noisy electrical environment, good CMR 
and NMR are necessary . A large range of operating temperatures 
requires a good temperature coefficient. 

WHAT INPUT POWER IS AVAILABLE? Will the DPM 
share the +5VDC power supply used for other logic circuitry 
or will a separate +5VDC power supply be needed? Are there 
limitations on power drain? Is only AC line power available? 
Is signal and power line ground isolation necessary? 

WHAT DISPLAY TYPE IS DESIRED? Must the display be 
large enough to be read from a long distance? Is color coding 
necessary? Is ruggedness a factor? Is ambient light level high? 

IS PACKAGE SIZE CRITICAL? Is there any restriction on 
the size of the DPM , either in panel space or depth? Is internal 
heat rise critical, as in small portable instrument designs? 



ARE DATA OUTPUTS NECESSARY? If automatic data log
ging is desired or if external feedback control, via a data link, 
is part of the design, then BCD digital data outputs from the 
DPM must be available for interfacing to other system circui
try. Are latched outputs needed? Are the proper logic levels 
available? ls conversion speed adequate for the system? ls 
logic ground isolation required? 

Understanding Performance Specifications 
Currently, there are no industry standards on DPM specifica
tions, and comparing specifications of DPM 's from different 
manufacturers may require some analysis. A section of DPM 
specification definitions has been included, but an elaboration 
on several of these is included below to help in understanding 
fully how specifications relate to performance requirements. 

Resolution, Accuracy, and Stability - - these three specs are 
very important in the selection of a DPM . Although more 
digits may mean more resolution, the digits themselves are 
useless unless the accuracy is sufficient for the digits to have 
real meaning . Therefore, acl:uracy and resolution should 
be comparable. 

Independent of temperature, there are three components which 
lead to DPM inaccuracies . They are zero offset error, gain error, 
and digital indecision. In any device using a counter and clock 
to determine a digital output, there is always a potential ±1 
count error in the output. This is caused by the timing of the 
input gate of the counter; when the gate closes asynchronously 
with the clock, a clock pulse that occurs just as the gate closes 
may or may not be counted, hence the fixed ±1 digit inaccuracy. 

Zero level offsets in the analog circuitry cause errors specified 
as a percentage of full scale reading . These errors can be cor
rected by a zero calibration potentiometer requiring periodic 
resetting, or by internal calibration circuits that sense and set 
the zero level automatically between each reading, assuring no 
zero level contribution to the error. 

Gain variations occur as a function of signal level in the analog 
circuitry and produce errors which are specified as a percentage 
of the reading. These are the hardest errors to design out of a 
DPM circuit, but they can be minimized by component speci
fication and selection. A range adjustment potentiometer is 
used for periodic adjustment of the gain . 

Since all the electronic components used in the design of a 
DPM have some temperature dependence , one can expect the 
accuracy of the DPM to be affected by changes in operating 
temperature. If automatic zero correction circuitry is not used , 
the zero level may drift with temperature . Variations in the 
reference voltage circuitry and its associated switches will 
cause changes in the gain of the DPM, but careful selection 

and matching of components can minimize this error. 

Operational amplifiers used on DPM inputs typically use FET 
inputs which double their bias current for every +10°C rise in 
temperature . Analog Devices uses their own linear IC op amps 
with superbeta transistor inputs to reduce the bias currents 
and provide greater bias current stability. By providing a 
more stable input bias current, one can reduce loading errors. 

To illustrate these specifcations, consider a 3 V2 digit DPM 
(1999 counts full scale). The resolution of the unit is the 
value of one digit, 1 part in 2000 or 0.05 % of full scale . If the 
accuracy is comparable to the resolution (exclusive of digital 
indecision) , the DPM should have a maximum error of ±0.05 % 
±1 digit. 

Temperature coefficient specifications for a DPM should be 
very good to maintain the accuracy. A tempco of only 
50ppml° C (0.005 %!° C) will produce an additional error of 
±0.05 % over a range of only ±10° C. 

Since each manufacturer tends to use a different method of 
specifying accuracy and temperature coefficients, specifica
tions must be expressed in common terms to be comparable. 
For example, one may find specifications for 31/2 digit DPM's 
in the formats shown below. 

Unit 1 : max error : ±0 .05% R ±1 digit, tempco: 
±50ppm(R)!° C 

Unit 2: max error : ±0.02% R ±0.03% F.S. ±1 digit, 
tempco : ±0.004%R ±0.001 % F.S.l°C 

Unit 3: max error : ±0.05% R ±0.05 % F .S. ±1 digit, for 
temperature +15 °C to +35 ° C 

To compare the three units, one must establish a common 
f l 

. 0 0 
ground : ul scale reading , temp range +15 C to +35 C 
(±10°C). The specification then becomes: 

Unit 1 : ±0.05% F.S. ±1 digit ±(50ppm(F.S.)!°C x ±10°C) 
= ±0 .05 % F,S. ±1 digit ±0.05 % F .S. 
= 0 .1% F.S. ±1 digit 

Unit 2 ±(0.02% F .S. ±0.03 % F.S.) ±1 digit (0.004% F.S . 
±0 .001 % F .S.)f°C x ±10°C 
= 0.05% F.S . ±1 digit ±0.05% F.S . 
= 0 .1 % F .S. ±1 digit 

Unit 3: ±0.05% F.S. ±0.05% F.S. ±1 digit 
= 0 .1 % F .S. ±1 digit 

Even though all units are specified differently, they have 
equivalent performance. 

APPLICATIONS OF DPM'S 
The ability of the DPM to provide accurate measurements 
over a wide range of voltage inputs has led to its widespread 
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useage in instrumentation for medical, scientific , and industrial 
applications, as well as test instrumentation . When digital data 
outputs are provided, the DPM becomes a useful data acquisi
tion element , providing data logging and feedback control as 
well as a visual output. Since the DPM input is easily scaled 
using attenuation or amplification , the DPM can be scaled to 
read directly in any engineering or physical units. 

Typical Applications for DPM 's Include : 
• Medical, Analytical, and Scientific Instrumentation 

Measuring : Temperature Reflectance & Transmittance 
Pressure pH 
Power Size 
Color Difference Cardiac & Pulmonary Funct ions 

• Systems Applications providing digital readout , automatic 
data logging, and digital feedback control 

• Precision Differential Measurement 

Described below are several applicat ions illustrating the versa
tility and simplicity of DPM 's for a wide variety of applicatio ns. 

DIGITAL INDICATING MICROMETER: Linear variable dif
ferent ial transformers (L VDT) produce a DC output vo ltage 
proportional to the magnitude of a linear displacement. A ty pi
cal LVDT may have a rangt: of ±1" and a maximum linearity 
error of ±0 .001 ". The typical output voltage varies 2m V /0 .001" 
(2V/inch ). By using a 3Yi digit (199 .9mV range) DPM such as 
the AD2003 or AD2010 , and attenuating the LVDT output 
with a 20 : 1 voltage divider , the DPM will read directly in 

0 .00 l 11 increments over the full range of the L VDT. The proper 
decimal point can be activated to provide direct readings 
in inch es . 

+/BEJB 
ATTENUATION 

DPM 

Digital Micrometer 

DIGITAL WEIGHING PLATFORM SCALE : Platform trans
ducers can be used to measure loads up to 1000 pounds. These 
transducers are stai n gauge bridge units , typically producing 
lSmV at full scale loads with lOV excitation. By using an op
eratio nal am plifier providing a gain of 6.67 , 1000 pound load 
will produce a vo ltage of lOOmV, measurable by a 3 Yi digit 
DPM (AD2003 , AD2010). The readout will be directly in 
pounds. 
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RATIOMETRIC MEASUREMENTS : Ratiometric operation 
allows readi ngs to be normalized to an external reference. This 
is useful where the analog voltage to be measured is accurate 
relative to an external reference which in itself is not accurate . 
A ratio metric application is illustrated below using the 
AD2010/R. In this example, a position readout potentiometer 
operates with an external excitation suppl y which itself may 
not be very accurate . However, the potentiometer o utput rela
t ive to the reference supply will be accurate due to the poten
tiometer configuratio n. 
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Ratiometric Measurement 

Circuit Application Guidelines for +5VDC 
Logic-Powered DPM 's 
The successful application of DPM 's in an instrument design 
hinges on understanding the specifications and the interactions 
of the DPM with the rest of the instrument circuit. When devel
oping circuit designs using DPM 's operating from +5VDC, one 

should note the following: 

Ground Loops : Correct grounding of a single-ended input DPM 
within the instrumentation system is essential for accurate read
ings . Sinct: heavy supply currents ("-lA) flow through the 
power ground, under no circumstance should the input voltage 
be applied between the analog input and power ground . The 
voltage drop across even the few milliohms of contact resis
tance can produce erratic and variable offsets in the readings . 
Connections to power supplies should also be checked to in
sure that multiple ground connections are not causing ground 
loops. If shorting the inputs does not produce a zero reading , 
ground loops are most certainly present . 

Power Supplies : Besides ground loops , power supplies can also 
affect DPM readings if there is noise present on the power 



lines. If large noise spikes or large voltage variations are present, 
better filtering or regulation of the power supply may be 
necessary. 

Digital Noise : Insure that all digital control lines (e.g. hold 
and trigger) connected to the DPM have a minimum of noise 
pickup . Noise on these lines can cause false triggering , prevent 
proper triggering , or affect the analog circuitry. If necessary, 
use coaxial cable for data lines to prevent noise pickup. 

Attenuators: If an attenuator is used to scale the input signal 
to the DPM or to calibrate the readout in engineering or physi
cal units, the attenuator network should be located as close as 
possible to the input terminals of the DPM. This avoids pro
cessing the attenuated signal over long lines , thereby reducing 
potential noise susceptibility. 

Temperature Operating Range and Thermal Effects : DPM's 
can measure voltages with resolution as fine as lOOµV, 

requiring consideration to be given to operating temperature. In
put bias currents may change by several nA over the operating 
temperature range, but the effect on measurement can be 
minimized by keeping source impedance low (1 nA through 
lOkD. produces only a lOµV drop, < 0.1 digit) . Dissimilar 
metallic junctions in the wiring can produce thermocouple-
type effects of up to SOµV I° C; especially be wary of elec
tromechanical relays. 

Common-Mode Interference : Stray pickup, input circuit im
pedance, line resistance, and shunt capacitance , if sufficiently 
unbalanced , can introduce common-mode errors even if the 
DPM has infinite CMR. Capacitance unbalance should be kept 
to a minimum ; if needed, it can be. further reduced by placing 
a shunt capacitor between the input at the meter. 

More information on application of digital measuring devices 
to instrumentation systems can be found in Analog Devices' 
Analog-Digital Conversion Handbook . 
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DEFINITIONS- DPM TERMS AND SPECIFICATIONS 

Accuracy (absolute): DPM 's are calibrated with respect to a 
reference voltage which is in turn calibrated to a recognized 
voltage standard. The absolute accuracy error of the DPM is 
the tolerance of the full-scale set point referred to the abso
lute voltage standard. 

Accuracy (relative): Relative accuracy error is the difference 
between the nominal and actual ratios to full sca le of the digi
tal output corresponding to a given analog input. See also: 
linearity. 

Bias Current: The current required from the source at zero 
signal input by the input circuit of the DPM . Bias current is 
normally specified at typical and maximum values. Analog 
Devices ' DPM's using transistor input circuitry are bias cur
rent sinks. 

Binary Coded Decimal (BCD): Data coding where each decimal 
digit is represented by a group of 4 binary coded digits (called 
" quads"). Each quad has bits corresponding to 8, 4, 2, 1 and 10 
permissible levels with weights 0-9 . BCD is normally used 
where a decimal display is needed. 

Common-Mode Rejection: A differential-input DPM will re
ject any input signals present at both input terminals simul
taneously if they are within the common mode voltage range . 
Common mode rejection is expressed as a ratio and usually 
given in dB. (CMR = 20 log CMRR) . 120dB of common-mode 
rejection (CMRR = 106

) means that a lOV common-mode 
voltage is processed as though it were an additive-differential 
input signal of lOµV magnitude . 

Common Mode Voltage: A voltage that appears in common at 
both input terminals of a device , with respect to its ground . 

Conversion Rate : The frequency at which readings may be pro
cessed by the DPM. Specifications are typically given for in
ternally clocked rates and maximum permissible externally
rriggered rates. 

Conversion Time: The maximum time required for a DPM to 
complete a reading cycle, specified for the full scale reading. 

Dual-Slope Conversion: An integrating AID conversion tech
nique in which the unknown signal is converted to a propor
tional time interval, which is then measured digitally. This is 
done by integrating the unknown for a predetermined time . 
Then a reference input is switched to the integrator, and in
tegrates "down" from the level determined by the unknown , 
until a "zero" level is reached. The time for the second inte
gration process is proportional to the average of the unknown 
signal level over the predetermined .integrating period. 
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INTEGRATOR 

OUTPUT SLOPE a V mi re 

SIGNAL INTEGRATE : REFERENCE INTEGRATE 

TI M E TI M E 

Dual Slope Conversion 

Input Impedance : The complex ratio of signal voltage to signal 
current at the input terminals. For DPM's, the input impedance 
is measured at DC. 

Linearity: The conventional definition for nonlinearity of a 
DPM is the deviation from a "best" straight line which has 
been fitted to a calibration curve. Analog Devices, defines non
linearity as the deviation from a straight line drawn between 
the zero and full scale end points. Not only is this an easier 
method for customer calibration , it is also a more conservative 
method of specifying nonlinearity. 

IDEAL 

""""+---- -------------

V•n FS 

Linearity 

Normal Mode Rejection : Filtering or integrating the input sig
nal improves noise rejection of undesired signals present at the 
input. Normal mode rejection is expressed as the ratio of the 
actual value of the undesired signal to its measured value over a 
specified frequency range. (NMR (dB)= 20 log NMRR, e.g. 
NMR = 40dB means an attenuation of 100:1). 

Overload : An input voltage exceeding the full scale range of 
the DPM produces an overload condition . An overload condition 



is usually indicated by conspicuous manipulation of the display 
such as all dashes, flashing zeros, etc. On a 3'1z digit DPM with a 
range of 199.9mV, a ;;;.2oomv signal will produce an over
load condition. 

Overrange : An input signal that exceeds full scale on a DPM, 
but is less than an overload. On a 3'1z digit DPM with a full 
scale range of 199.9mV, full scale is 0-99.9mV, and signals 
from 100-199.9mV are said to fall in the 100% overrange 
region . Some DPM 's have higher overrange capability. A 3% 
digit DPM has a full scale range of 3 .999 or 300% overrange. 

Overvoltage Protection: The input section of the DPM must 
provide protection from large overloads. Specifications are 
given for sustained DC voltages that can be tolerated . 

Range (Temperature Operating): The range of temperatures 
over which the DPM will meet or exceed its performance 
specifications, usually 0 to +60° C. 

Range (Full Scale): The range of input signals that can be 
measured by a DPM before reaching an overload condition. A 
3 Vi digit DPM provides three digits full scale and 100 percent 
overrange capability . 

Ratiometric : DPM's compare voltage inputs to a stable internal 
reference voltage. In some systems, the voltage being measured 
is a function of another voltage, and accurate measurements 
should be made as the ratio of the two voltages. Some DPM's 
provide inputs for external reference voltages for ratiometric 
measurements . 

Resolution : The smallest voltage increment that can be meas
ured by a DPM. It is a function of the full scale range and num
ber of digits of a DPM . For example, if a 3'1z digit DPM has a 
resolution of 1 part in 2000 (0 .05%) over a full scale range of 
199.9mV, the DPM can resolve O.lmV. 

Digits Counts (F .S.) 

2'1z 
31/2 

3% 
4'1z 
4% 

199 
1999 
3999 
19999 
39999 

Resolution(% F.S.) 

0 .5% 
0.05% 
0.025% 
0.005% 
0.0025% 

Staircase Conversion: A simple analog-to-digital conversion 
.technique in which a clock and counter drives a digital-to
analog converter which produces an output voltage waveform 
resembling a staircase. A comparator stops the counter when 
the voltage exceeds the input voltage and the content of the 
counter is the digitized output. 

VOLTAGE 

-. .1---------- ~ DAC OUTPUT 

I 

TIM E 

Staircase Converter 

Temperature Coefficient : The additive error term (ppm!°C or 
% Reading!° C) caused by effects of variations in operating 
temperature on the electronic characteristics of the DPM. 

Unipolar Input DPM: A DPM designed to measure input 
voltages of only one polarity . 
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DIGIT AL PANEL METERS 
AD2001, AD2002. AD2003. AD2004. AD2010 

INTRODUCTION 
Jn 1972, Analog Devices entered the digital panel meter mar-
ket with a totally new concept: a DPM that operates off +SVDC 
power supplies commonly used for logic circuits . The user and 
application benefits of +SVDC powered DPM's have been well 
proven . In addition, input circuits were developed that sense 
and correct zero offset drift between each reading, providing 
more accurate DPM performance. 

A GROWING PRODUCT LINE 
But Analog Devices hasn't stopped yet. During 1972, five DPM 
models were introduced, covering most application requirements, 
and a continuing development program is underway to develop 
new products which combine those product features which 
satisfy the widest application needs of the industry . 

WHY USE SVDC POWER? 
REDUCED NOISE PICKUP AND SUSCEPTIBILITY: Since 
line voltages are not required for operation, signal leads and 
internal circuitry need not be exposed to this source of noise, 
thereb y , reducing power-frequency interference. A separate 
SVDC power supply also provides additional isolation from 
line transients. Shielding and decoupling of the DPM circuits 

EXTRUDED ALUMINUM 

DPM - Snap-In Case Design 
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can also be eliminated . The DPM may be used as a component 
without danger of shock hazards to operational personnel or 
nearby circuitry. 
IMPROVED RELIABILITY: Meters without power supplies 
generally require less space and generate less heat. The result 
is improved reliability while achieving lower cost . The smaller 
package size provides greater packaging flexibility and requires 
less ventilation behind the panel. 

AN AWARD WINNING CASE DESIGN 
All Analog Devices ' DPM's except the AD2001 are packaged 
in similar cases, varying only in depth . The case is an aluminum 
extrusion with ABS plastic front and rear plates. The front 
plate has two panel retaining fingers on either side; the case 
snaps into the front panel and can be removed in seconds. A 
plastic lens assembly containing a colored filter snaps onto the 
case providing a very attractive front panel appearance. The 
filter can be screened with company logo or calibration units . 

Industrial Design magazine awarded the Analog Devices' DPM 
case an "Excellence of Design " Award in their 1972 Design 
Review Competition . The design was selected for its functional 
simplicity, flexibility, and overall aesthetic appeal. 

FINGERS 

COLORED FILTER WITH LOGO 

POP OFF LENS 



AD2001, 3'1z DIGIT, OEM APPLICATIONS, 
NUMITRON DISPLAY 
The AD2001 is a 3 'lz digit panel meter designed for application 
in original equipment designs. The AD2001 was Analog Devices ' 
initial entry into the DPM market, and it introduced the con
cept of logic-powered (+5VDC) DPM's. 

The AD2001.has a bipolar, single-ended input with a range of 
199.9mV and an accuracy of 0.05% ±1 digit . The AD2001 has 
a temperature coefficient of 50ppm!°C and automatic zero 
correction circuitry that never requires zero offset drift 
adjustment. 

The digital readout is displayed on large, easily readable RCA 
Numitron seven-segment display tubes. Decimal points are ex
ternally programmable. The internal conversion rate is set at 5 
conversions per second ; rates from 20 conversions per second 
to an indefinite "hold" can be externally triggered. 
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AD2001 Simplified Block Diagram 

AD2002, 2'1z DIGIT, LOW COST ANALOG METER 
REPLACEMENT, NUMITRON DISPLAY 
The AD2002 is a 2 1/z digit panel meter designed as a minimum 
cost replacement for updating new equipment designs formerly 
using analog meters. The staircase signal conversion technique 
used in the AD2001 requires fewer components and results in 
a low overall cost . 
The AD2002 has a unipolar, single-ended input with a full 
scale range of 0 to 1.99V. The accuracy is ±0 .5% ±1 digit , and 
the temperature coefficient is 1/20 digit!° C. 

The AD2002 display consists of green-filtered RCA Numitron 
seven-segment display tubes. Standard display features include 
filament test, programmable decimal points, automatic over
load indication and a display rate of 4 readings per second . 

Up to 200 conversions per second are possible with an optional 
trigger and hold feature . The AD2002/DP option also provides 
parallel BCD data outputs on a multipin connector. 
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AD2002 Simplified Block Diagram 

AD2003, 3'1z DIGIT, HIGH PERFORMANCE, NUMITRON 
DISPLAY 
The AD2003 is a high performance 3'h digit panel meter with 
differential inputs. The differential instrumentation amplifier 
input provides 60d.B common mode rejection, a common mode 
voltage of ±2.SV and a normal mode rejection of 40dB . 

The AD2003 accepts bipolar inputs in the range of 0 to 
±199.9mV and has an accuracy of 0.05 % ±1 digit. Automatic 
zero correction circuitry corrects for zero offset drift, and the 
temperature coefficient is 50ppml°C. 
The AD2003 displays the readings on green-filtered RCA 
Numitron seven-segment display tubes . The display also fea
tures polarity and overload indication, programmable decimal 
points, filament test, and a display rate of 5 readings per 
second. External triggering can adjust the rate from 16 read
ings per second maximum to an indefinite hold. Data outputs 
are latched, parallel BCD , DTL/TTL compatible . 
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AD2004, 4Yz DlGIT, HIGH PERFORMANCE, ISOLATED 
INPUT, LED DISPLAY 
The AD2004 is· a high performance 4 '12 digit panel meter de
signed for use in precision instrumentation and for processing 
critical signals in noisy electrical environments. Optical coup
ling is used to provide isolation for the signal channel, pro
viding 120dB of common mode rejection at common mode 
voltages of up to ±300V. 
The isolated input section can measure voltages in the range 
of 0 to ±1.9999V with an accuracy of ±0 .01 % ±1 digit. Auto
matic zero correction circuitry corrects for zero offset drift 
errors and the temperature coefficient is 15ppmf°C. 
Readings are displayed on a red LED dis.play with automatic 
polarity and overload indication . Normal conversion rate is 4 
readings per second; external triggering can vary sampling 
rates from a maximum of 8 per second to an indefinite hold. 
Decimal points are externally programmable. Latched, parallel 
BCD data outputs are DTL/TTL compatible . 
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AD2010, 3Yz DIGIT, GENERAL PURPOSE, LED DISPLAY, 
RA TIOMETRIC OPTION 
The AD2010 is a general purpose 3Yz digit panel meter that sets 
new standards for size , price , and performance. The LED dis
play, +SVDC power requirem~nt . and innovative packaging 
permit a package size requiring only 3

11 
x 1.8

11 
panel space and 

only %
11 

depth . 
The AD2010 has a bipolar, single-ended input with a range of 
199 :9mV and an accuracy of ±0.05 % ±1 digit . The design 
offers 60dB of common mode rejection at common mode 
voltages up to ±200mV. 

The AD2010 has a red LED display with leading zero suppres
sion and programmable decimal points. Normal display rate is 
4 readings per second or external triggering can vary rates from 
a maximum of 24 per second to an indefinite hold . The AD2010 
can also be connected for automatic operation at its maximum 
conversion rate. Latched BCD data outputs are available for 
data · logging or digital feedback .control. 

The AD2010/R option includes ratiometric input to allow in
puts to be referenced to an external voltage source . The 
ratiometric option also includes a normal mode rejection op
tomization adjustment that increases NMR to 60dB . 
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CAPSULE SELECTION GUIDE 
DIGITAL PANEL METERS 

Model AD2001 AD2002 AD2003 AD2004 AD2010 

2Vi (l.99V) • Resolution (digits) 3'h (199 .9mV) • • • and Range 4 '12 (l .9999V) • 
Single-Ended • • • 
Differential • • 

Input Type Ground Isolated • e l 

Unipolar • 
Bipolar • • • • 

Display Numitron • • • 
LED • • 
Parallel BCD • • 2 

Data Outputs 
Parallel BCD , Latched • • • 
PC Card • • Connector Multi pin • • • 
Low Cost Analog 

Replacement • • 
General Purpose • • • 
Instrumentation Amp Input • • 
High Noise Immunity • • • 

Applications Ground Isolation • 
Off Ground Measurements • 
Ratiometric Measurements • 
High Visibility Display 

(>8-10' & high ambient light) • • • 
Extremely Rugged Display • • 

1 Limited Differential Input - CMR 60dB , CMV ±200mV 
2 With DP Option 
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SPECIFICATION SUMMARY (Typical@ +25 ° C unless otherwise noted) 

Model AD2001 AD2002· AD20Uj· 

Display 
Number of Digits 3'h 2\-2 3'h 
Type Numitron Numitron Numitron 
Overload Indication Zero 's + "I" Flashes Dashes Dashes · 
Decimal Points Selectable at Input Selectable at Input Selectable at.Input 
Filament Test Yes Yes 

Input 
Type Single-ended Single-ended Differential 
Zero Automatic Automatic Automatic 
Polarity Bipolar Unipolar Bipolar 
Full Scale Range 0 to ±199.9mV Oto+l.99V Oto ±199.9mV 
Bias Current < lnA 70nA typl250nA ma.x 3nA typ/7nA max 
Impedance lOOOMU >lOOMU >lOOMU. 
Overvoltage Protection ·wlo 

damage (sustained) ±20V ±50V ±50V 

Accuracy 
Maximum Error of Reading 0 .05% ±1 Digit 0.5% ±1 Digit 0.05% ±1 Digit 
Resolution O.lmV lOmV O. lmV 
Temperature Range Operating 0 to +60°C 0 to +60°C o to +60°C 
Temperature Coefficient ±50ppml°C 1120 Di~tl°C <±soeem1° c 

Speed 
Internal Conversions/sec 5 4 s 
External Conversions/sec max 20 200 (w/DP Option) 16 
Hold & Read on Command Std wlDP Oetion Std 

Interface Signals 
(DTL/TTL Compatible) 

Inputs 
Externally Triggerable Std DP Option Std 
External Hold Std DP Option Std 

Outputs 
BCD Digits Std DP Option Std, Latched 
Overrange Signal Std DP Option Std, Latched 
Overload Signal · Std DP Option · Std, Latched 
Status Signal Std DP Option Std, Latched 
Polarity Signal Std User Programmable Std 

Connector PCB Multipin (DP Option)- Multi pin 

Normal Mode Rejection 
(@50-60Hz) 40dB Requires Filter· >40dB 

Common Mode Rejection 
(DC-lkHz w/ lkU unbalance) NIA NIA >sods 

Common Mode Voltage NIA NIA ±2.5V 

Power (+5 VDC) 
Regulated ±5% (converter );: 200mA 250mA 250mA 
Unregulated ±10% (display ) 800mA 500mA. 750mA 

Warm Up To Rated Accuracy Essentially none Essentially none Essentially none 

Adjustments Range Potentiometer Range Potentiometer Range Potentiometer 

Size 3"W x 1.75" H x 1.5 " D 3"W x 1.8"H x l.5"D 3" W x l.8"H x 2"D 
Case Mounting Bezel Snap-In Snap-In 

Price 
(1 -9) $135 $75 $140 
(lOO's) 89 50 93 

Options AD2002/DP, Data AD2003/E, 50H2 NMR 
Outputs Optimization {NC) 

($83, 1-9 each) 

NIA - Not Applicable 
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:s 
CD • ,, 

AD20.04 AD2010 .. 
0 
A. 

4~ rn c 
LED LED " .. Flashing Zeros Flashing Zeros "' Selectable at Input Selectable at Input •• 
No No · ,. 

a True Floating Limited Differential N Automatic Automatic 
0 Bipolar Bipolar 

0 to ±I.9999V 0 to ±199.9mV 0 
10 nA typl40nA max 3nA N 

>100MU lOOMU .... 

±JOOW ±20V 
,. 
a 

0.01% ±1 Digit 0 .05% ±1 Digit · N 
O. lmV 0. lmV 0 

0 to +60°C 0 to +60°C 0 <±15pem1°c <±50ppml°C w .... 
4 4 (auto . 24-401sec) ,. 
8 24 

Std Std a 
N 
0 
0 Std Std a Std Std .... 

Std, Latched Std, Latched 
,. 

Std, Latched Std, Latched a 
Std, Latched Std, Latched N Std, Latched Std, Latched 0 Std Std, Latched .. 

Multipin · PCB 0 
>60dB 40dB (to 60dB on 

AD20101R) 

>120dB 60dB 

±300V (fully isolated) ±200m.Y 

l.4A 600mA 
NIA NIA 

5 min Essentially none 

Range Potentiometer Range Potentiometer 
Normal Mode Rejection 

Potentiometer (AD20101R Only) 

3"W x l.8"H x 2.5"D 3"W x l.8"H x 0.75"D 
Snap-In Snap-In 

$269 $120 
189 79 

AD20041E, 50Hz NMR AD2010/R, Ratiometric 
Optimization (NC) ($135, 1-9 each) 

AD2010/E 50Hz NMR 
Optimization (NC) 
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FUNCTION MODULES 
MULTIPLIERS/DIVIDERS 

PRODUCT PROFILE 
Multipliers from Analog Devices use solid state techniques 
to develop the transfer function +XY/10. Most models are 
capable of performing division according to the function 
+lO(Z/X), hence the term multiplier/divider. Except for 
models 424, 5 30 and 5 31 , all units are factory trimmed to 
guaranteed accuracies and require no further adjustments 
unless higher accuracies are required for the job. External 
trimming of offsets, feedthrough and scale factor terms may 
yield up to a two-fold improvement in accuracy. 

Multiplier/Divider circuits are a fundamental system com
ponent . Despite their fundamental nature, the historical high 
cost and application complexity of multiplier/divider 
modules limited their use by OEM's. Recent developments 
have yielded multiplier modules which are internally trimmed 
for ease of application and greatly reduced price . These new 
multiplier designs have not only gained wide acceptance 
as fundamental system building blocks, but they also are 
making feasible for the first time more complex circuit 
functions. 

During 1971, Analog Devices accelerated efforts toward 
the development of a full line of multiplier/divider modules 
for a wide range of applications . No fewer than seven basic 
models were introduced with performance characteristics 
ranging from complete 1 % monolithic multiplier/dividers 
(model 530) to models with accuracies from 0.1% to 2%, 
wide bandwidths to lOMHz and low error drifts to 0.02%J°C. 

With these seven models, Analog Devices offers the broadest 
multiplier/divider product line available. Our continuing 
development program will further expand the range of price 
and performance alternatives for your applications. 

APPLICATIONS FOR MULTIPLIERS/DIVIDERS 
Multiplier/divider modules are highly versatile in their 
application . They can be utilized to develop the following 
circuit functions : 

• Squarer 
• RMS Circuit 
• Phase Sensitive 

Demodulator 
• Modulator 
• Phase Locked Loops 

• Square Root 
• AGC Circuit 
• Vector Transformation 
• Correlator 
• Voltage Controlled 

Filter 

In each particular application, there is usually a dominant 
and a secondary parameter which influence multiplier choice . 
For low frequency applications (DC to audio), which is by 
far the most common application class, overall accuracy and 
drift are key parameters. At frequencies beyond lOOkHz, 
feed through and nonlinearity terms are key. 

Since all multipliers from Analog Devices operate over four 
quadrants, signal polarity restrictions may be ignored. For 
divider and !:quare root circuits, signal polarity and magnitude 
restrictions are placed on the inputs with operation 
restricted to two quadrants . Dividers also are subject to 
reduced accuracy and bandwidth because of the basic feedback 
circuit configuration : If the best performance is required for 
the divider, high accuracy multipliers are usually specified. 

In general, each multiplier/divider requirement should be 
carefully studied to ascertain which features are critical and 
where tradeoffs may be made to assure best price/ 
performance . The following discussion is intended to assist 
the user in choosing the best multiplier/divider for his 
application, whether he be expert or newcomer in the use 
and selection of these devices . 

For customer convenience, a selection guide for multipliers 
by key parameter, is listed below. The relevant model 
descriptions and specifications follow this section. 

APPLICATION GUIDE BY KEY FEATURE 

Key Feature 

Highest precision , lowest 
noise & drift 

Low drift, good accuracy , 
lower cost 

Bandwidth , accuracy 

Wide dynamic divide range, 
accuracy 

External trim for accuracy 

Economy, size 

MIL spec. available 
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Multiplier Application 

Analog computation, dividers, servo 
multipliers, correlators 

Wide temperature range, general purpose 
multiply/divide 

Graphic displays, dividers 

Root and power generation 

R & D, medical , laboratory, 
analog computation 

OEM designs, general purpose 
multiply/divide 

Military grade design 

Multiplier Model 

424,427 

428 

429,422 

427, 433 

424,425 

530,426,432, 531 

530,531,432,428 



:IRCUIT TECHNIQUES FOR DEVELOPING MULTIPLIERS 

n discussing multiplier selection, it is appropriate to review 
everal of the more popular circuit techniques used with 
oday's solid state multipliers. A comparison table of these 
llternate techniques is presented below highlighting their 
·espective capabilities in five key performance areas -
nultiplier accuracy, stability, offset drift, bandwidth and 
. Jew rate . 

\s with most designs, the choice of circuit technique 
:ssentially determines the performance range of the 
nultiplier in each of the five specification areas. The user 
:hould carefully review these criteria to assure the best device 
'or the job. 

TRANSCONDUCTANCE MULTIPLIERS exploit a useful 
Jroperty of the bipolar transistor: namely, that the forward · 
:ollector current and the transconductance are linearly · 
:elated. In most designs, the X signal is internally attenuated 
co a low level, and applied to the base of a transistor, and 
che Y signal linearly modulates the value of a current source 
producing le , and thereby modulates the transconductance 
:Jf the transistor. The result is a signal proportional to the 
product X • Y. 

These multipliers can be made to exhibit good accuracy and 
bandwidth , are low in cost, and well suited to most appli
cations . Only wide temperature range and extreme stability 
requirements can displace this technique in favor of some 
alternate. 

PULSE-WIDTH/AMPLITUDE MODULATION MULTIPLIERS 
are often called "averaging" multipliers, because the output 
is the average value of a pulse whose am plitude is modulated 
by X, and whose "ON" time (width, or duty-cycle) is modu
lated by Y. The average of such a pulse is proportional to 
the X 0 Y product. By making the pulse-repetition (carrier) 

frequency high, the averaging time may be shortened to 
permit remarkably fast response . 

These multipliers are exceptionally accurate and stable, and 
reasonably fast. While not as low in cost as the transcon
ductance type, they are significantly superior for applications 
demanding the best accuracy attainable, over a wide temp
erature variation . 

PIECEWISE-LINEAR APPROX/MA TION (QUARTER
SQUARE) M UL TJPLIERS: This class of multipliers uses 
biased-diode and resistor networks to generate approximate 
square-law responses to the sum and difference of the X and 
Y inputs, and then a fairly complex (and expensive) opera
tional amplifier circuit to calculate the X-Y product as 
follows: 

Eo = { [ ( X ; y) 2_ ( \- y ) 2] 
Unfortunately, the approximations involved in the squaring 
operations cause a "lumpy" error characteristic, and (even 
more unfortunately) cause "glitches" at the diode break
points, which severely limit the usefulness of these multi
pliers in many applications. Frequency response and accuracy 
can be good, but only at fairly high intrinsic cost . .. and this 
circuit must be classified as approaching obsolescence. 

TRIANGLE-A VERA GING MULTIPLIERS: These circuits 
are vety similar to pulse-width/height-modulated multipliers , 
but do not quite attain the accuracy or stability of the pulse 
averaging technique. Usually, they provide somewhat inferior 
performance to the pulse-averaging multipliers, at the same 
cost. (Some advanced transconductance multipliers will 
actually perform as well, at lower cost .) A recommended 
lower cost equivalent is the model 428 multiplier . This trans
conductance design combines good drift and linearity 
characteristics over wide signal ranges . . 

COMPARATIVE CHARACTERISTICS OF MULTIPLIER TYPES & CLASSES 

Performance Maximum 
Oass Error, Accuracy Offset Bandwidth Recommended 

Type (See Note) % of F.S. Stability Stability (-3dB, Small Signal) Slewing Rate ADI Models Additional Notes 

Moderate 
1%, 2% 0.04%/°C 2mVl°C 400kHz SV /µsec 426 , 432 General purpose. Accuracy 

530, 531 Lowest cost. & Bandwidth 
High Accuracy , 

0.02%1°C 200µ Vl°C 
Maintains 1 % max . Transcon- 0.5% 300kHz 5V/µsec 428 error over ±25°C Moderate ductance 

Bandwidth temperature range . 
High Accuracy 

0.5 % 0.04%fC lmVl°C lOMHz 120V /µsec 429 Fastest of any type Wideband 
High Accuracy 

lOOHz 0.6V /msec Substitute Low bandwidth 
Very Slow 0 .1% 0.02%1°C lOOµV l°C 

lkHz to ADI 427 restricts use to " DC." Pulse-Width/ 
Response 6V/msec Lowest T .C. of all . Height 

Averaging High Accuracy, 
0 .02%fC 150µV l°C 

424,425 Best for high-accuracy 
Moderate 0.1 % IOOkHz 3V/µsec 

427 dynamic com puting Bandwidth 
Piecewise- High Accuracy 

Substitute Pulse-width type offers 
Un ear Wide 0 .25 % 0 .05 %!°C • 500µV !° C I MHz 2V/µsec 

ADI 427 
better accuracy and 

Approx. Bandwidth T.C. for bandwidths to 
lOOkHz . 

Triangle 
High Accuracy 

o .o3%fc 200µVl°C 
Substitute Replaced by high-accuracy Slow 0 .5% I kHz 5V/msec transconductance Averaging ADI 428 

Response 

NOTE : Slow Response= IOOHz to IOkHz ; Moderate Bandwidth = IOkHz to lMHz; Wide Bandwidth= lMHz to lOMHz. All at - 3dB Frequency Response . 
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MULTIPLIER CIRCUIT 
In theory, a multiplier has an output which is ideally the 
product of two input variables, X and Y. However, the 
practical multiplier is subject to various offset errors and 
nonlinearities which must be accounted for in its application. 
The discussion below is intended to assist the designer in 
understanding and interpreting multiplier specifications and 
to offer him insight into its operation. 

In practice, the multiplier is designed in two parts, one of 
which contains a multiplying cell, M, whose output feeds into 
a gain conditioning op amp, A. Also summed at the op amp 
input is the variable, Z, which is used as an input in the 
divide mode. Z is normally connected to the output during 
multiplication. To divide, Z and X become inputs and Y is 
tied to the output. Shown below is a practical multiplier 
illustrating both offset and nonlinear components, (Figure 1). 
Although the circuit details are quite sophisticated, the 
concept and block diagram are reasonably straightforward. 
The basic equation for the multiplier, including offsets 
(X0 , Y 0 , Z0 ) and nonlinearity (F [ X, Y] ) is given here. 
Multiplier specifications may be readily interpreted from 
this expression and are described below. 

XY X0 Y XY 0 
Eo ± ± ± Z0 + f(X, Y) 

lOB lOB lOB 
-.--. '--v--' 

Product 
(B =scale (X offset) (Y offset) Output 

factor error) ~ Offset Nonlinearity Feed through 

ESTIMATING SMALL-SIGNAL MULTIPLIER ERRORS 
After all the adjustments have been made, multipliers have 
an irreducible error called "nonlinearity ," a function of both 
x and y, [f(x, y)] . In general, it is small near zero and 
increases rapidly near full scale . By taking advantage of 
nonlinearity specifications on the data sheet, you can often 
use a less-costly multiplier to obtain adequate small-signal 

I - -:-x.-;, - - - - - - - - - - - l 
I M = 1() + F (X ' ,Y'J R I 
I 
I 
I 
I Xo 

x 0----( X' 
R 

I 
I 
I 
I 
I 
I 

Z (D I V IDE INPUT ) 

M "'>----<~ OUT 

y <>----< y ' 
I 
I 
I 
I 

I I 
I L _______ _ ___ ____ J 

Figure 1 
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+XY 
= lO (MU LTIPLY) 

· lO Z 
(D IVIDE) - - x-

accuracy, and you can determine which input to use for best 
accuracy, if one of the input signals has a small range of 
variation. 

This is done by using the approximation : 

f (x, y) ~ Ix I Ex + I y I Ey, where Ex and Ey are the 

fractional nonlinearities specified for the x and y inputs 
EXAMPLE: For Model 426, Ex = 0.6%, Ey = 0.3%. What 

maximum error can one expect for x = 5V, y = 1 V? Can one 
get less by interchanging inputs? 

1. Nominal output is xy/10 = (5)(1)/10 = 500mV 
2. Expected error is (5) (0.006) + (1) (0.003) = 

33mV, 6.6% of output (0 .33% F.S.) 
3. Interchanging inputs, (1) (0 .006) + (5) (0.003) = 

21mV, 4.2% of output (0.21 % F.S.) 

Compare this with the overly-conservative error predicted by 
the overall 1 % of full scale specification : 1 OOm V, or 20% of 
output . 

DIVIDER CIRCUIT 

High accuracy multipliers are recommended for divider opera
tion because of their high linearity and low drift , which 
become critical in the divide mode since these errors are in
versely dependent on denominator, X, as expressed in the 
equation here. The multiplier of Figure 1 is shown connected 
as a divider, in Figure 2 . 

ENL and Ect, described previously as F (X, Y) and offset error 
drift, appear at the output of the multiplier cell, M. With X 
at full scale , the output divider error is the same as that of 
the multiplier for full scale outputs. However, as X 
decreases , divider errors (and noise to a lesser extent) increase 
inversely with amplitude which severely limits its useful 
dynamic range. Bandwidths vary directly with divisor, X, 
since the multiplier appears as a variable resistor in parallel 
with roll-off capacitor, C. 

1 - - -- - - - - 1 

DENOMI NATO R 
x 

x 
ed 

eNL M 

...__ __ __. y 

z 0-- ---' 
NUMERATOR L ___ _ __ _ _ __ _J 

DIVID ER MODE L 

+lOZ 
Eo = - + 

x 
-v-

ideal 

y 

(EXTERNAL 
JUMPER) 

- lOZ 
Ea "' X 

10eNL lOed 

x x 
~ 

linearity drift 

error erro r 

L1m 1t o n range o f input signals, 

- 1.0. z .;; . 1 ov 1 ov " x < 0 l
zx l x and z. 

Figure 2 



,EFINITION OF SPECIFICATIONS 

FFSET AND OFFSET DRIFT: Output offset is the output 
•ltage observed when X = Y = 0: 

Eos = Eo I 
X=Y=O 

x 

y M 

JOISE is specified and measured with both inputs at zero 
ignal and zero impedance (i .e., shorted). For low frequency 
pplications, filtering the output of the multiplier may 
mp rove small signal resolution significantly. 

•EEDTHROUGH: Assume now that both inputs are at zero, 
.nd the output offset is trimmed to zero. Ideally, the output 
hould remain at zero even if only one of either input is at 
.ero . In fact, it should not matter what the value of the 
10n-zero input signal is, within ratings; the product of that 
.ignal and zero should yield zero output (Figure A). 
n practical multipli~rs. however, there is always a small but 
'inite output error under these conditions, and this output 
s called the feedthrough. If we set X = 0, and measure the 
{-channel feedthrough at, say , Y = 20V p-p , we define Y 
'eedthrough offset as: 

x = 0 
Y = 20V p-p, SOHz (1) 

Now, for Y = 0, there is an analogous 
X-channel feedthrough . 

EFx = Eol 
y = 0 
X = 20V p-p, SOHz (2) 

+lOV 

~ 

x 
(FOR Y = +lOV) 

y M 

'"l 
Y~HANNELDCFEEDTHROUGH 

Figure A 

x 
(FOR Y = +20V p·p 50Hz) 

y M 

"~n___ 
-lOV~ 

Y-CHANNEL AC FEEDTHROUGH 

Figure B 

NONLINEARITY: While errors due to output offset, feed
through and scale factor can be substantially reduced by in
ternal (and external) adjustments, nonlinearity remains as a 
basic, irreducible limitation to achievable accuracy. Nonlin
earity is measured by applying a full scale DC signal to one 
input and a low frequency sine wave with full scale peak-to
peak amplitude to the other. The AC output is then nulled 
against the AC input and the Scale Factor is adjusted for 
minimum error voltage . The residual peak-to-peak error 
voltage is then a measure of nonlinearity referred to a best 
straight line . This method of measuring and defining nonlin
earity includes the nonlinear terms of the transfer function as 
well as the feedthrough functions . 
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GAIN ERRORS: The overall gain of the multiplier is not 
constant for any combination of inputs, therefore, we must 
expect a scale-factor error, B ~ 1, which can be trimmed to 
unity. Gain, in general, also varies with time , temperature, 
power supply voltage, signal level (nonlinearity) and, most 
significant, with frequency. Except in the most critical 
applications, the only gain error of any consequence is 
usually that caused by bandwidth . Also associated with gain 
error is a phase lag at the output. Note also that slewing rate 
errors (inability to "track" large, rapid output changes) limit 
the response time on full scale changes in output. 

y INPUT (10VDC) I I 
~ X INPUT 120V p-p, 100kHz SO . WAVE) 

r\r i"""'" r 
1 

v 
~/ 

7 ~OUTPUT XY 

l 
lo " I( 

VERTICAL o 5V /DIV . 
HORIZONTAL 50ns/DIV . 

SLEW RA TE BEHAVIOR 
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MULTIPLIER ACCURACY: As one measure of product 
performance, Analog Devices has chosen to combine all error 
contributions in one multiplier specification, multiplier 
output error. This error is the deviation of actual value from 
predicted value of the multiplier output voltage. It is given 
as a percentage of full scale output, ±lOV, at a specified 
ambient temperature, +25°C, and it includes scale-factor error 
offset, nonlinearity and feedthrough terms combined. There
fore, because these factors have been accounted for in the 
overall error specifications, it is important not to duplicate 
these terms in your calculations when developing an error 
budget . Note that overall accuracy is specified, which due to 
error cancellation is usually less than the rms sum of its con
stituents. To account for temperature variations in overall 
error, add to the basic error term above the specified 
accuracy drift . 



MUL Tl PLIERS /DIVIDERS 
427, 424, 425, 426, 432, 428, 429, 422, AD530, AD531 

MULTIPLIER CLASSIFICATION AND PRODUCT 
DESCRIPTION 
To assist in selecting the best multiplier for the application , 
we have classified products according to the technique used 
to develop the multiply function which essentially determines 
the capabilities of the device . Analog Devices has focused 
on the pulse-width /height technique and the variable trans
conductance technique to develop the multiply/divide 
function. These two approaches are considered comple
mentary and were selected because of their inherent ability 
to provide a good balance between performance and cost. 

PULSE-WIDTH-HEIGHT MODULATION 
PRECISION MULTIPLIERS (PWH) 
The pulse-width-height modulation technique is capable of 
producing multipliers of the highest precision . Typical 
specifications include accuracies from 0 .1 % to 0 .25 %, offset 
drifts to lOOµV /°C, output noise of 50µV rms and band
widths to lOOkHz . Multipliers in this group should be used 
for wide temperature range applications, for analog 
ccnnputing elements, for dividers because of their inherently 
good drift, noise and low non-linearities , and, in general, for 
exacting multiplier/divider applications where wide dynamic 
signal swings are anticipated . Products in this group include 
models 427. 424, and 425. 

MODEL 427 (HIGH ACCURACY): Based on the highly 
successful Model 424, the 427K is internally trimmed to 
specified accuracy and requires no external adjustments for 
multiplication . It uses pulse-width modulation to obtain 
accuracies to 0 .2% (FS), offset drifts as low as 200µV I° C, 
and nonlinearity of 0 .04% maximum, for both inputs. All 
semiconductors used in this design are hermetically sealed . 

Unlike most high accuracy multipliers embodying the 
modulation principle , 427's high carrier frequency allows 
a bandwidth rating of lOOkHz for -3dB response with no carrier 
ripple on output . Depending on how it is connected, the 427 can 
be used for multi plying, dividing, squaring, or square rooting. 

The true capability of a multiplier can be best demonstrated 
when the unit is used in the divide mode , particularly with 
small denominators . Because the 427 features excellent 
small signal linearity , the errors are very much smaller than 
one would predict using 10/x for divider error. 

MODEL 424 (HIGH A CCURA CY) : The model 424 J/K 
is an untrimmed multiply-only module with performance 
comparable to that of model 427. In every respect , except 
for the divide and external trim features , the 424 will 
perform the 427 task at lower component cost and should 
be considered for laboratory and industrial applications 
where external trimming may be conveniently performed 
to achieve the highest possible accuracies. When externally 
trimmed, model 424 will perform with 0 .2% (424J) and • 
0 .1 % (424K) accuracies with bandwidths to lOOkHz (- 3dB). 
It may be used to perform division when operated with an 
external op amp . 

MODEL 425 : Customers may purchase the model 424 
mounted on a PC card which contains all necessary adjust
ment potentiometers to trim the multiplier to its rated 
accuracies. Designated model 425] (with 424]) and 425K 
(with 424K), these models are factory trimmed and offered 
at a nominal cost above that of 424 alone. 
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VARIABLE TRANSCONDUCTANCE TYPES 
The popular variable transconductance technique comple
ments the PWH approach and should be considered whenever 
wider bandwidths, to lOMHz, are required along with lower 
costs and good overall performance . Both discrete and mono
lithic devices are available using this design approach. 
Multiplier specifications include accuracies from O.S % to 2%, 
bandwidths from 300kHz to lOMHz and drifts from 
200µV !°C to 2mVf°C . Each model is capable of 4-quadrant 
multiplication, or 2-quadrant division. Because the trans
conductance technique can be optimized in different ways 
to yield highly specialized performance , models may be 
classified as: general purpose (models 426, 43 2, S 30 and 
S 31 ; high performance (model 428) ; and wide bandwidth 
(models 429 and 422) . 

General Purpose 
MODEL 426 (GENERAL PURPOSE 1%, 0.5%): Available 
as an internally trimmed 1 % (J, K) or O.S% (L) accurate 
multiplier/divider, Model 426 should be considered as a 
first choice for most general purpose designs and OEM 
applications . External trimming further improves perfo"rmance 
to 0 .6% (J, K) and 0 .3S % (L) . Nonlinearities are held to a 
low 0 .6% (X) and 0 .3% (Y) for models 426 (J & K) , allowing 
the user to assign that input signal with the widest dynamic 
range to the 0 .3% (Y) input terminal for better accuracy. For 
even better performance, model 426 L should be selected 
for lowest drift and good linearity and feedthrough charac
teristics . 

MODEL 432 (ECONOMY) : Using hermetically sealed 
components, the models 432 J(K) , 2%(1 %) multiplier/ 
dividers, are internally trimmed and are available in a 
compact package for low cost OEM applications requiring 
field interchangeable modules with no additional trimming. 
External trimming will improve accuracy from 2%(1 %) to 
1 %(0.6%) . Performance, reliability and bandwidth are 
comparable to model S30. OEM discounts are available . 

MODEL AD530 (MONOLITHIC) : With the transfer function 
XY/10, the ADS30 is the first IC multiplier/divider to include 
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the transconductance multiplying element, the built-in refer
ence and the output op amp all on the same chip. Available in 
both industrial (ADS 30 J , Kor L) and military grades 
(ADS30S), its compact package and good performance make 
it an ideal choice for high reliability assignments. The ADS 30 
needs only four trim pots to achieve accuracies to ±O .S % of 
full scale. Bandwidth is lMHz and slew rate 4SV /µse c. The 
ADS30 is available in both the T0-100 metal can and T0-116 
ceramic dual-in-line packages. 

MODEL AD531 (MONOLITHIC): TRANSFER FUNCTION 
(X 1 - X 2 ) Y/ Z. Not just a multiplier , the ADS 31 is truly a 
computation circuit that is ideally suited to such applications 
as AGC, True rms-to-DC conversion, ratio determination , 
absolute value and vector computation . Like the ADS30, the 
ADS 31 combines the transconductance element , a precision 
stable reference and the output op amp on a single monolithic 
structure. Flexibility of operation is achieved by virtue of the 
programmable scale factor capability and the differential in
put feature . In addition to verification of accuracy at +2S °C, 
the ADS 31 L and ADS 31 S are further tested for maximum 
error limits of ±l.S% and ±3.0%, respectively , at their ex
treme operating temperature limits. The ADS 31 is available 
in the T0-116 ceramic dual-in-line package. 

MODEL AD532 (MONOLITHIC-INTERNALLY TRIMMED) : 
TRANSFER FUNCTION (X 1 -X2)(Y1 - Y2)l l0. The 
ADS 32J, ADS 32K and ADS 32S are the industry's first 
internally-trimmed monolithic multiplier/dividers . They 
guarantee maximum multiplying errors of ±2.0%, ±1.0% and 

±1.0% of full scale (lOV) at +2S °C, respectively, without the 
need for any external trim networks or output op amp. In 
addition, the differential X and Y inputs provide significant 
operating flexibility for both algebraic computation and 
transducer instrumentation applications. Further , the ADS32 
can be used as a direct replacement for some popular IC 
multipliers that require external trimming, such as the ADS 30. 
The ADS 32J and ADS 32K are rated for operation from 0 to 
+70°C. The AD532S will operate from -SS °C to +12S °C with 
a maximum multiplying error of ±4.0% of full scale . All de
signs are available in both the T0-100 metal can and the T0-
116 ceramic dual-in-line packages. 



High Performance 
MODEL 428: (LOW DRIFT) : This device meets high 
performance requirements for many applications where 
component price and accuracy are key factors . As a trans
conductance multiplier, it approaches the performance of 
more expensive multipliers, using modulation techniques, 
but at lower costs . Factory trimmed to 0 .5% with offset 
drift of 200µV J° C, enables model 428K to operate over a 
50°C temperature range with less than 1 % error increase. 

Both 428) and 428K may be externally trimmed for an 
improved accuracy of 0.25 % and operated as dividers and 
square root circuits . The nonlinearity component of error is 
particularly low in this unit, resulting in excellent 
performance as a divider. For example : 50mV maximum 
error for a 10 : 1 dynamic range of denominator. 

In addition to its excellent DC performance, it has 300kHz 
small signal bandwidth (- 3dB) and full power output to 
beyond 70kHz, considerably exceeding the audio range . 

Wideband 
MODEL 429 (HIGH ACCURACY): This unit should be 
considered for all new multiplier/divider designs requiring 
the best possible speed, drift and accuracy performance. The 
model 429 factory trimmed, is available as a 429A (1 %, 
2mV!°C) and 429B (0 .5%, 1 mV!°C) both with lOMHz 
response . Capable of multiplying or dividing, models 429 
A/B may be easily converted to the divide mode with 
external pin interconnections. Accuracies may be improved 
upon for models 429A (from 1 % to 0.7%) and 429B (from 
0 .5% to 0.3 %) with external trimming. Note, that although 
model 429 is an improvement over model 422 , these 
devices are not pin compatible. 

MODEL 422 (HIGH FREQUENCY) : This unit is available 
as a 1 % multiplier with a 5MHz bandwidth, and may be 
operated as a divider when connected with an external op 
amp. Model 422A and 422K, with 2mVl°C and lmV!°C 
offset drifts respectively, may be externally trimmed for 
0.7% accuracy to improve on the 1 % factory trimmed 
specification. 
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MUL TIPUERS/DIVIDER5 (Discrete) 
SPECIFICATION SUMMARY (Typical @ 25 ° c and ± I 5VDC unless o therw ise specified ) 

Models 1 

Full Scale Accurac/ 

Divides and Square Roo ts 

Multiplicatio n Characteristi cs 
Output Funct io n 
Error , Interna l Trim (±) 
Erro r, External Trim (±) 
Acc urac y vs. Temperature (±) 
Accurac y vs. Supply (±) 
Warm up T ime to Specifica ti o ns 

Output Offset (±) 
In itia l 
Average vs. Temperature o ° C to +70° C 
Average vs. Suppl y 

Scale Facto r (±) 
Initial Erro r 

No n Linearit y (±) 

X Input ( X = 20 V p-p. Y = ± ! UVD C) 
Y Input (Y = 20V p-p . X = ± !OVDC) 

Feedth ro ugh 
X = 0 , Y = 20V p-p 50Hz 

with external trim 
Y = 0, X = 2UV p-p 50Hz 

with external trim 
Feed t hrough vs. Tempera ture. each input 

Bandwidth 

- 3dB Small Signal 
Full Po wer Respo nse 
Slew Rate 
Sma ll Signal Ampl itude Erro r (±) 
Sma ll Signa l Vecto r Erro r (±) 
Settl ing Time fo r ± !UV St ep 
Overlo ad Reco ver y 

Output No ise 
5Hzto !Ukflz 
5Hz to 5Mllz 

Output Chara cteristics4 

Vo ltage at Rated Load (mm ) 
Current (min) 
Load Ca pacita nce Limit 

Input Resistance 
X/ Y/ Z Input 

Input Bias Current 
X/ Y/ Z Input 

Maximum Input Voltage 
For Rated Accuracy 
Safe Level 

Power Suppl y (V5) 

Rated Perfo rmance 
Operating 
Quiescent Current 

Temperature Range 5 

Rated Performance 
Operating 
Sto rage 

Package Outline 

Case Dimensions 

NOTES : 

Economy 
432J (432K) 

2% (I %) 

YES 

XY / 10 
2%( 1%) max 
1.0 % (0 .6 %) 

0 .06%/°C (U.0 4%/°C) 
0 . 1%/% 
I min 

2UmV (25mV max) 
2 mV/°C ( I m V/ 0 C) 

LOmV / % 

1% (0 .5%) 

0 .8% (0 .6% max) 
0 .4 % (0 .3% ma x) 

8UmV (50mV) p-p max 

30mV p-p 
120mV ( I OOm V ) p-p max 

N/ A 
lmV p-p/°C 

I Mil z 
700kH z 

45V/µ sec 
I %@ 40kllz 
1%@ 10 kH z 

!µsec to 2% 
3µ sec 

600µ V rms 
3mV rm s 

± I OV 
±5mA 

O.OOl µ F 

IOMi1/ JOki1/ 36ki1 

2µA each 

±10 .1 v 
±Vs 

±15V 
±12 to ±18V 

±4.5mA 

0 °C to +70 °C 
- Z5 ° C to +85 °C 

- 55 ° C to +125 °C 

QC-2 
I.I" x I.I" x 0.4" 

$29 ( $45 ) 
$2 7 ( $43 ) 

1 Parentheses ind icate specification for the high performance ( K or L 
version) model of each multiplier when it differs from the J or A version. 
For example, order Model 4 27J for 0 .25 % accuracy, Model 427K for 
0 .2% accuracy . 
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VARIABLE TRANSCONDUCTANCE TYPES 

General Purpose 
426A (426K) (426L) 

1% (1 %) (0 .5%) 

YES 

XY/ 10 
1% ( 1%) (0 .5%) ma x 
0 .6% (0 .6%) (0 .35 %) 

0 .05 %/°C (0 .04%/°Cmax)(0.04%/°Cmax) 
0 .03 %/% 

I sec 

20mV 
2mV/°C ( I mV /°C ma x ) (I mV /° C ma x) 

2mV/% 

0 .5% (0 .5%) (0 .25 %) 

0. 6% (0 .6%) (U.25 %) max 
0 .3 % (0. 3%) (0 .25 %) ma x 

60mV (60mV) (40mV) p-p max 
20mV p-p 

IOOmV ( IOOmV) (40mV) p-p max 
60 mV (60mV) (20mV) p-p 

2mV p-p/°C 

400kHz 
80kHz 

5V/µsec 
I % at 40kHz 
I% at I Ok Hz 

3µsec to I % 

3µsec 

500µV rms 
2.5mV rms 

± !IV 
±llmA 

JµF 

25ki1/25ki1/ZOOki1 

+I OOnA/+ 1OOnA/-50µ A 

±IO.SY 
±18V 

±14.7 to ±15 .3V 
±11.5 to ±18V 

±5mA 

-ZS to +8S °C (0 to +70°C)(O to +70°C) 
- 25 °C to +85 °C 

- 55 °C to +125 ° C 

FA-4 
1.5 " x I.S" x 0 .6" 

S4S (S59) ($69) 

$43 ( $57 ) ($67 ) 

Wideband 

422A (422K) 

1% 

Division requires 
external amp 

XY/10 
1% ( 1%) m ax 
0 .7% (U.7%) 

U.05 %/°C (0 .04%/°C ma x) 
0 .05 %/% 

I sec 

25m V 
2 m V/°C ( I mV /° C max) 

lmV/% 

0 .5% 

0 .6% max 
0 .3% max 

50mV p-p max 
8 mV p-p 

IOOmV p-p max 
35 m V p-p 

2mV p-p /° C 

5M ll z mi n 
2Mll z mi n 

l 20V /µ sec min 
I % at 30Uk ll z mi n 
I % at 50k l lz mi n 

U.4µ sec to I % 
0 .15µ sec 

500µ V rms 
2.5mV rm s 

± 11 V 

± llmA 
O.OIµF 

IOkiG/ I l ki1/ N/A 

+IOOnA each 

±I0.5V 
± 16V 

±14.7 to ±15 .3V 
±14 to ±16V 

±12mA 

- 25 ° C to +85 °C (0 °C to +70° C) 
- Z5 ° C to +85 °C 

-S5 ° C to +1 2 5° C 

Fi\ -3 
.5" x 1.5 " x 0 .6" 

$109 ($139) 
$104 ($129) 

2 All accuracy and error specifications, when expressed as percentages, 
refer to % of full scale (1 OV). 
3 Model 424 available for $20 additional on printed circuit board with 
preadjusted trim pots. Card socket supplied . Order Model 425j or 425K. 



PRECISION (PWH) TYPES 

Accurate Wideband Accurate Low Drift High Accuracy High Accuracy 
429A (4298) 428J (428K) 424J (424K) 425 3 427J (427K) 

1% (0 .S%) 0 .5% 0 .2% (0.1%) 0 .25% (0 .2%) 

YES YES Division requires YES 
external amp 

XY / 10 XY/ 10 XY/10 XY/10 
1% (0 .S%) max O.S% (O.S%) max Untrimmed 0 .2S% (0 .2%) max 

0 .7% (0 .3%) 0 .25% (0 .2S%) 0 .2% (0 .1 %) max O. IS%(0.1%max) 
O.OS%/°C (0 .04 %/°C max) 0 .02 %/°C (max) 0 .02%/°C (max) 0 .02%/° C max 

O.OS%/% 0.02 %/% 0 .02%/% 0 .02%/% 
I sec 1 min I min 1 min 

20mV (IOmV ) max IOmV Adj . to zero SmV 
2mV /°C ( I mV /°C max) 0 .SmV/°C (0 .2mV/°C max) 0 .2mV/°C (0.2mV/°C max) 0 .2mV/°C (0 .2mV/°C max) 

lmV/% 2mV/% 2mV/% lmV/% 

O.S% (0 .2S %) 0 .2S % Adj . to 0 . 1 % (O.OS%) 0.1 % (0 .0S%) 

O.S% (0 .2%) max 0 .2S% max 0 .08% (0.04%) max 0.08% (0.04%) max 
0 .3% (0 .2%) max 0 .2S % max 0 .08% (0.04%) max 0 .08% (0 .04%) max 

SOmV (20mV) p-p max 40mV p·p max NIA 20mV p·p max 
16mV (IOmV) p-p lOmV p·p 2mV (lmV) p-p 4mV p-p 

lOOmV (30mV) p-p max 40mV p-p max NIA 20mV p·p max 
SOmV (20mV) p-p lOmV p·p 4mV (2mV) p-p SmV p·p 

2mV p-pl°C lmV p-p/°C 0 .2mV p-pt'C 0 .2mV p-pf'C 

I OMll z 300kHz lOOkHz lOOkHz 
2MHz min 70kHz 40kHz 30kHz 

l 20V /µsec min 4V/µsec JV/µsec 2V/µsec 
I % at 300kHz min 1% at40kHz 0 .1%at4kHz 0 . 1%at 4kHz 
1 % at SOkHz min 1% at 2kHz 1% at 700Hz 1 % at 700Hz 

0 .Sµse c to 1% Sµ.sec to O.S% ISµsec to 0 .1% 20µsec to 0 .1 % 
0 .1 Sµsec Jµsec lOµsec IOµsec 

200µV rms 500µV rrns 50µV rms SOµV rms 
l.SmVrms 2.SmV rms lmVrms lmVrms 

± llV ±llV ±IOV ±I0.2V 

±llmA ±llmA ±7mA ±7mA 
0 .0lµF 0.001µ..F O.OlµF O.OlµF 

lOk W I lk!1 / 1Jk!1 25kil/2S kil/ZOOkil JOkil/llkil/N/A I Okil/I Okil/33kil 

+ 1OOnA/ +1 OOnA/ ±40nA + lOOnA / + I OOnA/- SOµA ±JµA each ±JµAl±JµAl±lOµA 

±JO.SY ±10.SV ±10.SV ±10.SV 
±16V ±18V ±16V ±16V 

±14.7 to ±IS .JV ±14.7 to ±IS .JV ±14.8 co ±16V ±14.8 to ±15.JV 
±14 to ±16V ±11.S to ±18V ±14.8 to ±16V ±14.8 to ±16V 

+12mA +SmA +16mA ±16mA 

- 2S °C to +85 °C 0°C to +70°C 0°Cto +70°C 0°C to +70°C 

- 2S °C to +8S °C -2S°C to +85°C - 25°C to +85°C - 25°C co +85°C 

- S5 °C to +12S °C - S5°C to +12S°C - SS°C to +125°C - SS°Cto +125°C 

FA-4 FA-4 D-1 D-2 
I. S" x 1.5' ' x 0 .6" 1 S" x 1.5'' x 0 .6" 1.6" x J .O" x 0 .6" 1.6" x J .O" x 0 .6" 

$109 ($1J9) $89 ($109) $1 J9 ($174) SI 59 (S210) 
S104 ($129) $79 ($98) $126 ($157) S14J (S189) 

4 All models are short-circuit-proof, from output to ground. Multipliers 
are not guaranteed short-circuit-proof from output to +Vs or -Vs. 

5 Most models designated ']'or 'K' are available with extended temperature 
range operation to stated accuracy . Consult factory or your nearest Analog 
sales office. 
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MULTIPLIERS/DIVIDERS (Monolithic) 
SPECIFICATION SUMMARY (Typical @ +25 °C and ±ISVDC, unless otherwise specified.) 

Models VARIABLE TRANSCONDUCTANCE TYPES 

530] (530K) (530L) (530S) 531] (531K) (531L) (531S) 532} (532K) (532S) 

Price 1-24 $22.50($3 3.50)($45 .00)($51 .00 ) $ 30 .00($4 5 .00)( $ 54 .00)( $54 .00) $26.00( $3 6 .00)($49 .00) 

Price 25-99 $18.00( $27 .00)( $ 36 .00)( $41.00) $24.00($ 36 .00)( $44.00)( $44 .00) $21 .00($30.00 )($40.00 ) 

Full Scale Accuracy 2% (! %) (0 .5% ) 0 %} 2%. (!%.) (0 .5%) (! %) 2% (1 %) (!%) 

Divides and Square Roots YES YES YES 

Multiplication Characteristics 
Ou rput Function XY/ 10 XY/ IREF (X 1 - X,) (Y 1 - Y 2 )/ 10 

Error, Internal Trim(±) N/ A NIA 2% (!%) (!%) 

Error, External Trim (±) max 2% (I%) (0 .5%)(1%.f 2% (I %»(0.5%) (! %) N/ A 

Accuracy vs. Temperature (±) 0.06(0.03)(0.01)(0.02 max)%1°C 0.06(0.03)(0.01)(0.02 max)%!°C 0.06(0 .0 3 )(0.02 )%!° c 

Accuracy vs . Supply(±) 0.2%1% 0.2%1% 0.2%/ % 

Warm up Time to Specifications 1 sec l sec 1 sec 

Output Offset(±) 
Init ial Adj . to zero Adj. to zero ±50mV max(±20mV max)(±20mV max ) 

Average vs . Temperature 0 to +70 °C 0 .2mV!°C 0 .2mVf° C 0.7(0.7)(2.0 max)mV!°C 

Average vs . Supply 70mV/V 10mVN 60mV/ V 

Scale Factor (±) Fixed Dynamically Variable Fixed 

Initial Error Adj . to I %(0 .5%)(0.2%)(05 '!'.) Adj . to 1%(0.5%)(0.2%)(0.5%) Adj . to I %( 0 .5%)( 0 .5%) 

Non Linearit y (±} 
0.8%(0.5%)(0.3%)(0.5%)( I ) X Input (X = 20V p-p . Y = ±JO VDC ) 0 .8 %( 0.5 %)(0. 3 %)(0 .5 %) 0.8%(0.5%)(0 5%) 

Y Input (Y = 20V p-p . X = ± IOVDC) 0.3%(0.2%)(0.2 %)(0.2%} 0.3%(0 .2%)(0 .2%)(0.2 %)( I ) 0.3%(0.2%)(0 2%) 

Feedthro ugh 
X = 0 , Y = 20V p-p 5Ull z 

150mV(80rnV)(40mV)(80mV)p-p max< 1 l 
20UmV(IOOmV)(IOOmV)p-p max 

with external trim 150m\'(80mV)(.+O:nV)(80mV)p-p m•x 
Y = 0, X = 20\I p-p 501lz 200mV(lOOmV )(IOOmV)p-p max 

with external trim JOOmV(60mV)(30mV )(60mV)p-p max 100mV(60mV)(30mV)(60rnV)p-p max < 1 l 
Feedthrough vs . Temperature, each input 2m\! p-p/° C zmv p-p/ c 2mV p-p f° C 

Bandwidth 
-3dB Small Signal !Milz !MHz !MHz 

Full Power Response 750kHz 750kHz 750kHz 

Slew Rate 45V/µsec 45V/µsec 45V /µ sec 

Small Signal Amplitude Error(±) 1%@ !OOkHz 1%@ IOOkHz ! % @ IOOk Hz 

Small Signal Vector Error(±) 1% @ !OkHz 1%@ lOkHz ! % @ IOkHz 

Settl ing Time for± I OV Step !µsec to 2% !µsec co 2% lµsec to 2% 

Overload Recovery !µsec !µsec !µsec 

Output Noise 
Sliz to !OkHz 600µV rms 600µ\I rms 600µV rms 

511 z to 5Mllz 3m V rms 3mV rms 3mV rms 

Output Characteristics 
Voltage at Rated Load (min) ± JOY ±JOV ± JOV 

Current (min) ±SmA ±5 mA ±Sm A 

Load Capacitance Limn O.OOlµF O.OOlµF 0.00l µF 

Input Resistance 
X/ Y/ Z lnput 2 10Mf2/6Ml1/36kQ 10Mf2/ 6Mf2136kQ JOMQ/IQMQ/36kS1 

Inpu t Bias Current 
X/ Y / Z Input 2µA / 2µA ISµA 2µA / 2µA / 5µA 2µA / 3µA / 5µA 

Maximum Input Voltage 
For Rared Accuracy ±10.lV ±JO.IV ± JO .IV 

Safe Level ±Vs ±Vs ±Vs 

Power Supply (V 5 ) 

Rated Performa nce ±J5V ± J5V ±JSV 

Operating ±12 to ±J8V ±12 to ±18\I ±JO to ±!8V 

Quiescent Cu rrent ±4mA ±4. 5mA ±4mA 

Temperature Range ) - 0 to +70° C K - 0 to +70°C j - oto+70° C K - Oto+70° C 
Rared Performance L - 0 to +70° C S - -5 5° C to +125°C L - 0 to +70°C S - -55°C to +125 ° C 0 to +70° C(O to +70°C)(-55 °C to +125 °C) 

Operating -55°C to +125 ° C -55 ° C to +125 ° C -55 °C to +125 °C 

Storage -65 °C to +125 ° C -1S5 ° C to +125 ° C -1S5 ° C to +125 ° C 

Package Outline T0-100 + T0-116 T0-116 T0-100 + T0-116 

(l)IREF =full scale. 

(2)Z input current is proportional to Z input voltage. 
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FUNCTION MODULES 
~1UL Tl -FUNCTION 433 Y ( z/x > m OPERA TOR 

LOG, ANTILOG, MULTIPLIER, DIVIDER, EXPONENTIATOR 

PRODUCT PROFILE 
The model 433 is a multifunction module, consisting of all 
hermetically sealed semiconductors , which may be used to imple
ment a wide range of computational circuits . Requiring only 
two external resistors for programmi ng the exponent. m, t he 
model 43 3 will perform multiplication, division or expon
entiation up to t he 5th power or root according to the 
expression , Y (Z/X)m . It may also be used to develop more 
complex functions such as RMS or vector sums using 
inexpensive external operational amplifiers. Examples of 
t hese transfer functions are listed below along with a 
model 43 3 block diagram design. 

* * Twou11rnal res1s1ou conn&clld h&re 

A B C for p•o91amm+ng m Jumper le<nonals 
A. B. C as shown form 1 0 ,-----m¥ ~ ---~~43~ 

I LOG - ,. I 
RATIO ANTI LOG 10 (V')" - I 'c gvv V"; 

I 
LOG v '" I : 0 REF 

L ___________ _J 

The model 43 3 has proven to be extremely useful for 
generating both linear and nonlinear functions for on-the
spot computations and for linearizing a wide range of trans
ducer characteristics in medical, industrial and process 
control equipment design. Its excellent accuracy performance 
and programmability make it ideal for analog computation 
or simulation , test equipment designs or , in general , where 
one function module may be used to fulfill several design 
objectives. Model 433 is attractively priced for new OEM 
equipment designs . 

EXAMPLES OF MODEL 433 TRANSFER FUNCTIONS 

10 
General Expression : V 0 = 9 Vy(V zlV x)m 

Limits : 

Using two programming resistors only: 

Multiply : 

Square : 

Powers : 

P / V / T : 

V 0 =KVyVz 

V 0 = K(V z)2 = K V z Vy 

l < m ,,;;; s V 0 = K Vy(VzlVx ) 

Using External Amplifiers : 

True RMS to DC: V0 = ~ 

Divide : 

Square Root : V0 = K (Vz)v.. 

Roots : V = K V (V IV ) 115 ,;;;;; m < 1 
0 y z x 

Reciprocal : Vo= K!Vx 

Vector : 
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CIRCUIT TECHNIQUES 
The model 4 33, using log ci rcuit techniques , is designed in 
two parts and co nsists of log circuits fo llowed by an 
antilog section. The log ratio section operates on inputs 
X and Z to develop the function, log Z/X. This ratio is 
then either ampl ified or atten uated , using external pro
gramming resistors, R 1 and R2 , to establish the exponent , 
m, where m > 1 for powers, m < 1 for roots . The signal, 
m log Z/X, is then summed with the log Y; and the anti-
log is develo ped to realize the final transfer function , 
(10/9)(Y)(Z /M)m . The exponent, m, may have any 
value from 1 / 5 to 5 . As with <!ll log designs , operation is 
limited to one quadrant. 

An internal reference voltage, Y ref, is a lso made available 
for the convenience of the user . When setting up the desired 
transfer functi on, all unused input terminals should be 
connected to V ref · This refere nce voltage is temperature 
compensated , as is the entire 433 design , for good 
performance from 0 to +70°C. 

OTHER DESIGN FEATURES 
The designer, conside ring model 433 for one quadrant 
applications, can expect additional performance charac
teristics, better than those found in most transconductance 
multipliers . 

Multiplier performance for outpu ts from lOmV to lOV 
(60dB) , typically has less than 0.5 % of full scale overall 
error , with a total error drift coefficient of 0.01 %/

0

C. 

Square and square root circuits (m = 2 , 112) also have typical 
errors of 50mV at 10 volts out, reducing to 20mV errors 
for lOOmV outputs . For other roots (m < 1/2) and powers 
(m > 2 ), errors are typically less than 1 % of full scale for 
lOmV to lOV outputs. Output noise, worst case, is lOOµV 

DIVIDER 
OUTPUT 
ERROR 
(mV) 

200 

150 

100 

50 

TRANSFER 
FUNCTION 

CONVENTIONAL 0.1 °0 
MULTIPLIER DIVIDER 
EXTERNALLY TRIMMED 
TO 0.05~ 

MODEL 433 WITH ND 
EXTERNAL TRIM 

O.lV IV 

rms at X = + lOV, increasing to about 300µV rms for 
X = O.lV, in a lOHz to lkHz bandwidth . This is a threefold 
improvement over most transconductance type multipliers 
or dividers. 

Small signal frequency response (- 3dB) is signal-amplitude 
dependent, as is the case with all log circuits, and decreases 
from approximately lOOkHz at 10 volt input levels to 400Hz 
at lOmV input levels for any multiplier or divider input . 
This is measured using a 10% small signal amplitude super
imposed on the larger de level. Full output responses for a 
±5 volt signal, superimposed on a 5VDC level is 50kHz for 
the multiplier and (V x) X (5kHz) for the divider. 

MODEL 433: 0.5% DIVIDER, WIDE DYNAMIC RANGE 
Probably the most impressive performance improvement owing 
to model 433 's log/antilog circuit approach, is its ability to 
hold high divider accuracies over wide, 100: 1 , input signal 
ranges . For example, when compared to a precision 0 .1 % 
multiplier/divider of conventional design, the model 43 3 offers 
greater than a tenfold improvement. As shown in Figure 1, the 
model 433 has only 30mV o.f error for a denominator of 
lOOmV, as opposed to 300 to 500mV of error for the con
ventional multiplier/divider. 

When using a conventional multiplier/divider as a divider, accu
racy, offset drift , and noise performance are all degraded as the 
denominator is decreased . But, for model 433, accuracy, offset 
drift , and noise performance are all virtually independent of 
denominator level as illustrated in Figure 1 , and this perform
ance is obtained with no external trims . 

It is apparent that as a one-quadrant divider, model 433's per
formance exceeds by wide margins those of higher accuracy 
dividers costing two to three times more . 

10V DENOMINATOR 

x 

Figure 1. Comparison of Divider Error vs. Denominator Level 
for Model 433 and a Conventional Multiplier/ Divider 

136 Y(Z/X)m OPERATOR 



FEEDBACK TECHNIQUE VS DIRECT IMPLEMENTATION 
The reason for the significant improvement of model 433 
over other divider designs is apparent if one considers the 
basic sources of error arising from each design approach. Con
ventional divider circuits are implemented by using a multiplier 
cell in a feedback loop. As with all feedback designs, overall 
accuracy is directly tied to the accuracy and gain setting of the 
feedback element, a multiplier in this case. In this configura
tion, as X decreases, loop gain decreases , and divider accuracy 
therefore varies inversely with the denominator signal, X. The 
governing equation for this design is derived and presented in 
Figure 2 to illustrate its basic limitations. 

Good performance for these designs requires using a fast, high
accuracy multiplier and a low-drift amplifier in the divider loop . 

In contrast, the model 433 log circuit directly implements the 
divide function. Its accuracy , as shown in Figure 3, is virtually 
independent of denominator amplitude for constant signal 
ratios, thereby improving on the conventional divider approach . 
Drift nonlinearity and noise are also independent of denomina
tor amplitude in contrast to feedback designs . Its only draw
back is that operation is restricted to one quadrant (which is 
not usually a handicap for many applications). 

,--------, 
I DENOMINATOR I +IOZ 10eNL 10ect 10env 

Transfer Equa11on of M 

E1 • -~~ + VeRROR 

Summing Currents 
atA1 

I I 
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I M I 
I I 

I 

' 0 ·-x-• -x- 'x 
idea l lmearity drift 

I 
I 

1 _ ~ + vERROR _ 
0 

I 
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I 
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DIVIDER MODEL 

L1m1t on range of input signals, 

z X and Z. x: .;;;1.0. z.;;±1ov. -1ov11i;x<o 

Figure 2. Divider Model 

·--x 

MODEL 4338: HIGH ER ACCURACY 
Mod el 433B, an improved version of model 433J , offers '4% ac
curacy for denominator levels of lOOmV to lOV, has a lower 
initial offset voltage than the 433], and offers guaranteed drift 
performance over a wider temperatu re range . Like the 433 J , 
this new design contains all hermetically sealed semicond uctors. 
The 433B will be available in production quantities by May 
of 1973. 

x 

Iz Vz 
MODEL434: e0 =Vy -- or Vy 

Ix Vx 

Model 434 , a new member of the 433 family, contains all her
metically sealed semiconductors, is optimized for one quad
rant divider applications, and may be trimmed externally to 
eliminate all DC offset errors. With no external trimming, 
quadrant divider applications, and may be trimmed externally 
to eliminate all DC offset errors . With no external trimming, 
accuracy is guaranteed to within 1/2% for model 434A, and to 
14 % for model 434B. In order to facilitate the implementation 
of complex circuits, such as vector computations, the model 
434 has input pins brought directly to the internal summing 
junctions. Current summing can then be done directly at the 
input pin without the use of an external amplifier. A separate 
set of input pins is brought out for voltage operation thereby 
offering complete flexibility on combinations of input signals. 

Model 434 will be available in production quantities by 
May of 1973. 

Eo ""VoFFSET + ( 1 ± ERROR ) t 

Figure 3. Simpl ified Logarithmic Divider. Error is a Constant 
Plus a Constant Fraction of Output. 
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SPECIFICATION SUMMARY (Typical@ +25 °C unless otherwise noted) 

GENERAL CHARACTERISTICS Model 433) 

General Expression 

Rated Output 1 

In put 
Signal Range 
Max. Safe Input 
Resistance 

X terminal 
Y terminal 
Z terminal 

External Adjustment of the 
Exponent , m 
Range form < I (Root) 

Range form > I (Powe r) 

Reference Terminal Volcage 1 

V ref (Internal So urce) 
vs Temp (Oto +70°C) 

Power Supply Range 
Specified 
Operating 

Temperature Range 
Specified 
Storage 

Package Outline 
Case Dimensions 
Price (1 - 9) 

( 10 - 24) 

IO ( v , ) m E =+-V -0 9 y Yx 

+ JO .SY @ SmA 

0,;;;; Yx , Vy, V,,;;;; +lOV , 

Yx , Vy. V, ,;;;; ± 18V 

lOOk.11 ±J % 
90k.\1 ±10% 
IOOk.11 ±1% 

R i 
115 .;;; m < I , m = --=---

R1 + R i 

R1 + Ri 
1 .;;; m <S, m= ---_:_ 

Ri 

+9 .0V ±5 % @l I mi\ 

±0.005 %f° C 

±(14 .7to15 .3 )V DC@l I OmA 
±{12tol8)VDC 

0°C to +70° C 
- 25 ° C to +85 ° C 

FA-7 
I \12" x 1 \12" x 0.62" 

$75 . 
$69. 

MULTIPLIER / DIVIDER PERFORMANCE CHARACTERISTICS: 

Model 43 3J Specifications 

Transfer Functio n 

J\ccuracy 2 · 3 

Total Output Error @ +25 °C 
(for specified input range) 
Typical (RTO) 
Max . Error (RTO) 
Input Range (V,.;;; Yx) 

vs Temp. 
Output Offset Voltage (Not Adj ustable) 

In itial @ +25 ° C max 
Offset vs Temp . 

Noise , IOllz to l kHz 
Yx = +IOV 
Yx = +O. l V 

Bandwidth , 
Small Signal (-3dtl)4

, 

Vy = V, =Vx= I OV 
Vy= V,= Vx=IV 
Vy=V,= Vx = O. IV 
Vy=V , =Vx =O.O I V 

Full Outpu t (Vy or V, = SVDC 
±SVAC) 

•same as for divide mode . 

Divide 

E0 = + IO (V, IVx) 

±SmV ±0.3 % of output 
±SOmV 

0 .01 V to IOV , V, 
O. IV to IOV , Yx 

±1 mv l° c 

± JOmV 
± l mV l° C 

IOOµV rms 
300µV rms 

IOOkll z 
SOkl lz 
Sk i lz 
400 11 1 

(Vx) x (Sk ll z ) 

1 
Te rm inals shorr circu it p rotel·ted to ground only . 

2 Mult ip lit•r ... i;ak fac.:tor mu!!it be rrimmcd ac Y terminal us111g a 25kn trim pot. 
3 

Total error ~ dcfint:d a~ the difference..· ht.•twccn the measured output and the 
theorc t i""·a l o utput voltag e.: for any given pair of spccificU inpu t voltage~ . 

Multiply 

0 .01 V to IOV , V, 
O.OIV co IOV, Vy . 

.i Small ~signal mL"a surcml'nt '; a rt: c.:o ndu ctcd with V x = V y:;; V z:;; V at a fixed DC 

level, ant.I VY o r V '-a supcr imp0!'>4.:d sine wav..: of amplitude 10 °,oV . 
/\11 accivt l'OmponL·nt' hnmt."til'all y scah:d . 



FUNCTION MODULES 
LOGARITHMIC AMPLIFIERS AND ELEMENTS 

A Note On Nomenclature 
Log modules from Analog Devices develop tbe instantaneous 
valu e of the log or antilog of an inpuc signal. Co ntrary to 
communications type log amplifiers, which basically compress 
AC signals, the 700 series log modules operate on single 
polarity inpu ts f rom DC to an upper cu toff frequency . These 
temperature compensated designs will work over 6 decades 
of input current (lnA to Im A) and 4 decades of voltage 
(Im V to IOV). 

GENERAL DESCRIPTION 

Analog Devices offers four types of circui t modules wh ich 
may be used to devel o p the log o r ant ilog of an input signal. 
Depending upon the user 's expertise in log am plifier design, 
or the need for speciali zed performance, the designer may 
select: 1) the model 7 5 5, a versatile yet complete log/anti log 
amplifier ; 2) the model 756 a ver~atile and co mplete log ratio 
module ; 3) the model 752 log module requiring o ne external 
o p amp to com plete the design at lower cost; or 4) the model 

751 log element requiring two external op amps and several 
o ther components fo r log operation . The external op amps 
are usuall y selected to reduce voltage drift or bias currents 
for improved performance ove r extended input signal ranges . 

Typical applications fo r these circuits include data com
pression, transducer linearizati on , ex ponentiati on , root 
extractio n, and o ther computational functions fo r use in gas 
chromatography, acoustical and light measurements as well 
as medical an d seismic instrumentation . 

Circuit Techniques : In contrast to earlier techniques using 
diode-resistor breakpoint networks , a ll Analog Devices' log cir
cuits use a combination of selected dual transistor networks 
that make use of the re lationship between base emitter volt
age and collector current . When properly temperature com
pensated, as supplied by Analog Devices, these improved cir
cuits operate over wider dynamic ranges with better log 
conformity than most other techniq ues ava il able. Redu ced 
cost and compact circuitry are other user benefits of this 
design approach. 

Logaritbmic Circuits and Sources of Error: Voltage and 
current log ampli fiers are identical in design , except for an 
input vo ltage summing resistor, and operate on the input 
current supplied directly to te rminal I 1N . The ob vious 
sources of error fo r log amplifiers arise from three areas : 
1) amplifier offse t and drift errors, 2) log co nformity errors 
and 3) frequency limitati ons. These e rrors restrict both the 
static and dy nam ic range of performance . 

Voltage and current offsets of the input am plifier , with their 
a ttendant drift and noise, limit the smallest value of input 
signal to be detected. Base spreading resistance of antilog 
transistor elements, on the other hand, set th e maximum 
signal level for a given accuracy. 

For completeness, offse t error and drift terms are expressed 
by the transfer function in the specificatio n table. From the 
table, it becomes apparent that vo ltage offse t (E 0 s) should 
be trimmed to a small value compared to the lowest level of 
input voltage to be processed. For example, if E 1N is lmV 
and E 0 s is 1/20 (50µV or 5%) of E 1N • the ou tput error is 
compressed to 2% of a decade (log 1.05 = 2). 

Assum ing that offset and base res istance errors did not exist, 
there would sti ll remain the question of how well the logging 
element conforms to the ideal log transfer characte risti c. 
This is defined as log conformity and is expressed as a percent 
of the inpu t signal. Ty pical non I inearity (i .e. depar~ure from a 
straight li ne on a semilog plot) ranges from 0.5% to l % 

over several decades of signal change. This adds to those errors 
arising from the voltage offset and drift terms described 
above. 

Since the gain-bandwidth prod uct of the logging element is 
relatively constant, a change in gain will vary the bandwidth. 
This gain change occurs as the input current to the logging 
element varies with signal level. Consequently, freque ncy 
response and slew rate are specified as a function of signal 
level and wi II vary accordi ngly . At higher currents, amplifier 
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frequency response is usu all y the li miting factor and not log 
elements . 

Circuit Configurations : Shown below , with their appropriate 
transfer functi o ns, are log and anti log am plifier configurat ions 
for models 755 and 752 . ote that model 755 has an adjust
ab le scale fac tor (2V, IV, o r 2/ 3V/decade) which is selected 
with ex te rnal pin connections . The corresponding transfer 
curves for these circuit configurations a re presented on the 
fo llowing page. 

Each model, avai lable from Analog Devices (models 75 5, 
752 , 751 ), is specified with an Nor P suffix for operation 
with positive or nega tive input signals, respectively . It should 
be recalled that the log of zero is asymtoti c; the ap propriate 
polarity module is required depending upon whether the 
input signal is positive or negative . 
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LOGARITHMIC AMPLIFIERS AND ELEMENTS 
MODELS 755, 752, 751, 756 

MODEL 755, COMPLETE LOG/ANTILOG AMPLIFIER 
The model 755, a complete logarithmic amplifier with FET 
input, provides a choice of six decades of current logging 
(lnA to lmA), or four decades of voltage logging (lmV to 
lOV) . For increased flexibility, three scale factors (2V, IV , 
2/3 V /decade) and log or antilog operation may be selected 
through appropriate terminal pin connections. When two 
such amplifiers are connected in tandem , as a log and antilog 
amplifier, a wide range of fractional powers and roots may 
be developed for computational purposes. The model 755 
offers the greatest value in a complete log/antilog amplifier 
and is the first choice for the application. Specify 75 5 N 
for positive, and 755P for negative input signals, respectively. 

MODEL 752, VERSATILE LOG/ANTILOG AMPLIFIER 
ELEMENT 
The model 752, when operated with an external FET amplifier 
(e .g., model 40J), will perform over the same input dynamic 
range as the 755; six decades of current (1 nA to 1 mA) and 
four decades of voltage (1 mV to lOV). The module contains 
a temperature compensated log element and scaling resistors 
for good performance and 1 V/decade sensitivity. Using an 
external input resistor and two adjustment pots, the scale 
factor, reference current and input dynamic range may be 
varied to suit a specific log or antilog application. 

Another key feature of model 752 is the design freedom 
available to the user. He may select the best amplifier to 
optimize his design . For example, when used with a chopper 
stabilized amplifier (e.g., 233]), offset voltage errors are 
minimized for the most demanding applications. For 
economy, combining 752 with a general purpose FET ampli
fier (model 40J) will provide good current or voltage perform
ance at prices below that of model 7 5 5 . Specify 7 5 2N or 
752P for use with positive or negative input signals, 
respectively. 

MODEL 751 , TEMPERATURE COMPENSATED LOG 
ELEMENT 
Model 7 51 , a log element building block, is considered the 
best choice for performance and economy when developing 
log ratio circuits as well as any other general purpose log
circui t . The 751 contains temperature compensated logging 
transistors with precision scaling networks which together 
yield a 1 volt per decade log ratio amplifier when combined 
with three op amps and several other components. Detailed 
application notes are available from Analog Devices to aid in 
applying 751 to a wide variety of circuit designs. Specify 
751N for positive input signals or 751P for negative signals. 

MODEL 756: NEW LOG RATIO MODULE 
Capable of either current log ratio or voltage log ratio , the 
model 756 is the first module of its kind to be offered to the 
industry . This design consists of a complete log ratio module 
with two continuously variable signal inputs . Channel 1 fea
tures a high quality, lOpA bias current FET amplifier that 
is capable of processing up to four decades of input cur
rent. The second channel, intended to be used as a reference , 

is also capable of signal processing, but the range is limited to 

3 decades . 

Designed primarily for photometer applications, model 756 re
places two log modules, a sub tractor, and associated circuitry . 
The signal sources for these applications are usually photo 
diodes which should be operated in the zero-volt mode (short 
circuit current) . When connected as shown in Figure 2, the 
summing junctions provide virtual grounds, thereby forcing 
the input currents to be the short circuit current of the 
photo diodes . 

Principles of Operation 
CURRENT LOG RATIO 
Current log ratio is accomplished by model 756 when two cur
rents, lsig and lref , are applied directly to the input terminals . 
The two log amps process these signals providing voltages 
which are proportional to the log of their respective inputs. 
These voltages are then subtracted and applied to an output 
amplifier. The scale factor, when connected as shown, is 1 VI 
dee . However, other scale factors may be achieved by using an 
external/feedback resistor for A3 instead of the internal l 5k51. 
The governing equation for this optional adjustment is : 

( 
15k51 ) 

R "'=' --V- KOES 

where R represents the total feedback resistance of A 3, 
and Ko Es is the desired scale factor. 

As a specific example of gain setting assume it is desired to set 
the scale factor to 2V . For this application the feedback resis-

. 15k51 
tor must be approximately -- X 2V or 30k51. To accom-

V 
plish th is , the designer could either insert a 15 k51 resistor from 
the output Pin to Pin 1, or he could leave Pin 1 open and con
nect a 30k51 resistor from Pin 2 to the output. In either case, 
the total feedback resistance is 30k51, and the desired scale 
factor will be ac hieved . 

VOLTAGE LOG RATIO 
The principle of operation for voltage log ratio is identical to 
that of current log ratio after the voltage signal has been con
verted to a current . To accomplish this conversion, an external 
resistor is attached from the voltage signal to the appropriate 
input current terminal of the 756 . Input currents are then 
determined by: 

ez 

Rz 
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SPECIFICATIONS (Typical@ 25 °C and ±15VDC) 

TRANSFER FUNCTIONS DYNAMIC RANGE 

Log of Voltage 80dB 

Log of Current 

iin - Ios 
= -K log10 

Antilog of Voltage 

_ E 10- ein/K + 
eout - REF -eos 

120dB 

TRANSFER FUNCTION COEFFICIENTS (ALL MODELS) 

Symbol Value Tolerance 

K= 2, 1, 2/3 v ±1% 

EREF = 10- 1 v ±2% 

IREF = 10- 5 A ±2% 

Eos = 0 V ±to!. ±400µV 
Ios = 0 A ±to!. 0, -lOpA 

ACCURACY OF LOG CONFORMITY 
(REFERRED TO INPUT) ALL MODELS 

Drift 

±0.04%f°C 
±0.05 %!°C 

±0.05%!°C 

±lOµV !°C 
2 X/10°C 

See Notes 

1, 2, 5 
1, 3, 5 
1, 3, 5 

4 
4 

Input Current 
Range 

Accuracy Input Voltage 
Range 

Accuracy 

1 nA to lOnA 
lOnA to lOOµA 
lOOµA to 1 mA 

NOTES : 

±1 % 
±0.5% 
±1% 

1 mV to lV 
1 V to lOV 

±0.5% 
±1 % 

1. Positive for positive input (N types), negative for negative inputs 
(P types). 

2 . For model 755 , select by external pin connections. For model 752, 
adjust externally from .5V. 

3. Model 752; IREF, EREF are externally adjustable. 
4 . For 752 and 751 , offset is a function of external op amp selection. 
5 . Parameter is a function of 751 log circuit design . 

MODELS (N & P TYPES) 

Small Signal Frequency 
Response of 

iin (- 3dB down) 

10- 9 A 

10- 7 A 
10- 4 A 

10- 3 A 

Rated Output 
Power Supply 
Temperature, Rated 

Performance 
Package Style 
Price (1-9) 

(10-24) 

755 

80Hz 
1 kHz 

40kHz 
200kHz 

±lOV@ 5mA 
±15VDC ±1 % @ lOmA 

O- 70°C 
F-4 

$55. 
$49 . 

752/751 

80Hz 
1 kHz 

Depends on op amp 
Depends on op amp 
Depends on op amp 
Depends on op amp 

O- 70°C 
QB-2/M-3 

$32. 
$28. 

Specify P Type for Negative Inputs ; N Types for Positive Inputs. 
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SPECIFICATIONS FOR MODEL 756 N/P 

Current Log Ratio 
Transfer Equation 

Transfer Equation including 
Error Terms 

Voltage Log Ratio 
Transfer Equation 

Transfer Equation including 
Error Terms 

Parameter 

Signal Current, i1 
1 

Reference Current, i2 
1 

Log Conformity2 

Scale Factor, K 1 
•
3 

Bias Current , lb 1 
Bias Current , Ib2 
Offset Voltage, Eosl 3 

Offset Voltage, Eos2 
Output Offset , Eos3 3 

Package Style 
Price (1-9) 

11 . . 
e0 ~ - K log-_- , 11 = s1g 

12 i2 =ref 

eo = - K log -. --- + Eos3 
[ (

i1-lb1 ) J 
12 - lb2 

[
e1 R2] eo = - K log - X -
e2 Ri 

Value 

lOnA to lOOµA (4 decades) 
lOOnA to lOOµ A (3 decades) 
±0.5% (2 decades, i2 constant) 
±1.0% (4 decades, i2 constant) 

1 V ±1 % ±0.04%J°C 
lOpA, doubles/10°C 
1 On A, max, ± 1 %!° C 

±lmV, max, 25 µVl°C 
0.5mV, max, 30µVl°C max 

±lOmV, max, 85µVl°C 
F-6 

$75. 

1 Positive for positive inputs (N type), negative for negative inputs (P type). 
2 The log conformity specification is referred to inpu t (R.T.I.). Note: 1 % error R.T .I. is 

equivalent to 4 .3mV of error at o utput for K = 1 V. 
3 Externally rrimmable. 

15kl1 

I K TRIM 

I 
I 
I 

SIG PHOTO DIODE 

I 
SIG 

I 
REF 

756P 
1V/ DEC 

I I 
REF PHOTO DIODE e 0 = Absorbance. A 

1SIG 
A = log~ L---------------~ 

Figure 1. Functional Block Diagram of Model 756 Figure 2. Photometry Application of Model 756 
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ACCESSORIES 
MODULAR POWER SUPPLIES 

900 SERIES: GENERAL PURPOSE POWER SUPPLIES 
The 900 series power supplies from Analog Devices have been 
widely accepted by designers as industry standards for 
reliability and performance. Useful in industrial and laboratory 
applications, these companion products to op amps are capable 
of delivering clean, well regulated power to IC and discrete 
op amps, digital converter products, and to transducer 
elements. 

All designs are line operated witli domestic and international 
voltage ratings offered . Available models feature short circuit 
protection with either +SVDC single output (with over
voltage protection) or ±ISVDC dual output. Current output 
is ±25mA to ±200mA for dual outputs and SOOmA and 
1 amp for single outputs. To service its customers, Analog 
Devices maintains an off-the-shelf stock for immediate delivery. 
Substantial OEM discounts are available . 

MPD SERIES: PRECISION POWER SUPPLIES 
Analog Devices "MPD" series of power supplies are intended 
for applications where the extraordinary performance is 
required. These feature excellent regulation and low 
temperature coefficients . These devices may be used as stable 
references for the most demanding requirements in laboratory 
grade designs. 

All MPD supplies are sealed in anodized aluminum enclosures 
for maximum ruggedness and minimum RFI. Employing 
switching techniques for high efficiency, these units feature 
low "see through" capacitance (typically 20pF) and are 
desirable for delivering isolated power to "floated circuits" 
and for use in systems having considerable ground noise. 

SPECIFICATION SUMMARY (Typical@ 25°C and 115VAC unless otherwise noted) 

900 SERIES, GENERAL PURPOSE 

±15VDC Dual Op Amp Supplies +5 VDC Lo!(ic Supplies 

Model 915 904 902 920 903 905 

Rated Output ± 15VDC la' .t lSVDC @> l ! 5VDC <!" ±J SVDC @ +SVDC <?' +SVDC lat 

Volqgc ±25 mi\ :!:5 0mi\ ± I 00111/\ ±200mA +500mi\ +1 amp_ 

Rated Input IOSVAC to 125VAC 1 105VAC to 125Vi\C 1 

Voltagt: 501 IL to 400111. SOiiz to 40011 z 

Output Error (max) :t I l}u +2 00rnV . -omv +300mV. -0111\' +300 mV , -OmV i i % ±1% 

Regulation 
105 to 125VAC o .2 1 ~"o U. 111

u (l.05 % 0 .05% 0 . 15 % o . os 1~u 

LoaJ 0 to 100% 0 .2% 0 .1 ·:u 0 .1% 0 .1% 0.3 % 0 .1% 

Temperature Coefficient (I° C) 0 .02 % 0 .015 % 0 . 015 ~0 0 .015% 0 .02 % 0.02 % 
Operating Temperature (° C) -25 to +7 1 Otu+7! 2 Otu+71 2 Oto+71 3 Oto+7! 3 -2 5to+71 3 

Warm Uj>_ Drift 30mV 37mV (max) 45mV (max) 45mV 15mV 40mV 

RijJJ>le & Noise rms (max) I mV 0 .5mV O.SmV 0.5mV 1 mV I mV 

Short Ci rcuit Protected lll outputs :ill outputs 
Overvoltagc Protcned - - - +6 .SVDC +6.5V DC 

Package !IA- ! !IA-! 11- 2 H-2 II - 2 H- 2 
Price ( 1- 9) $2 3. $)9 . $49 . $69. $49. $69 . 

(10- 24) $22 . $38 . $47 . $62. $47 . $66 . 
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MODEL 950 

MANIFOLDS 

MODEL 194 

MODEL 950: POWER SUPPLY MANIFOLD 
This manifold permits use of the 900 series "H'' cased modules 
on the design bench. In combination with these supplies the 
950 provides a safe, convenient, and inexpensive bench supply 
for breadboarding, testing, or general laboratory use . Price is 
$16 each (1-9) . 

MODEL 194 OPERATIONAL AMPLIFIER MANIFOLD 
The Model 194 manifold is ideal for experimenting, bread
boarding, and/or teaching with op amps. Completely self
contained, it includes a ±15VDC lOOmA power supply, and 
accepts up to 5 amplifiers in the popular 7-pin "Q" case 
configuration, in sizes up to 1.5 inch square. Adapters are 
available for integrated circuits such as the Analog Devices 
AD741K or AD502 IC op amps . Provisions are made for 
a balance potentiometer for each amplifier. The unit is 
designed for maximum flexibility, with all connection points * inch apart. Price is $250 each (1-9), substantially less in 
higher quantity. 

MPD SERIES, PRECISION REGULATED 

±15VDC Dual Supply +5VDC Logic Supply 

MPD 15/lOOA MPD 15/300A MPD 5/150A MPD 5/750A 

±15VDC4
@ ±15VDC4

@ +5VDC 5
, +150VDC +5VDC5 @ 

±lOOmA ±300mA 600mA SmA 750mA 

105VAC to 125VAC 105VACto 125VAC 
50Hz to 450Hz 50Hz to 4SOHz 

adjustable adjustable 

NOTES: 
O.OOS% O.OOS% O.OOS% O.OOS% 1. Specify : E option 220VAC ±10% (Europe) 
0.02% 0.02% 12.SmV 12.SmV H option 240VAC ±10% (U.K.) 

0 .01S% max 0.01S% max 0.01S% max 0 .015% max F option IOOVAC ±10% (Japan) 

-SS to +71 -5S to +71 6 -SS to +71 -SSto+71 2. 
0 0 0 

Derate Sm(>/ C above +SS C, 1 mA/ C 
- - - - below +10 C. 

0 0 0 

...l.m.Y. ...l.m.Y. _21illL _lm_\'_ 3. Derate 12'1j'A/ C above +SO C, lOmA/ C 

to ground +SVDC to ground to ground below +lS C. 

- - - - 4. Individually adjustable , ±14VDC ro ±16VDC. 

- - - - s. Adjustable, +4.7V to S.3V. 
$149 . $27S. $149. $149 . 6. Deratc 7mAt'C above +SS°C . 
$141. $260. $141. $141. 
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LINEAR INTEGRATED CIRCUITS 

INTRODUCTION 

The integrated circuits specified on these pages are 
indicative of a commitment to product expertise in I.C. 
technology coincident with Analog Devices' position of 
leadership in analog and converter modules. Achieving the 
optimum price/performance product is our goal; combining 
more than seven years of analog product design is our vehicle. 
In addition to that expressed by our products, our IC commit
ment is manifested in two other important ways . .. communi
cation and cooperation. 

Because we manufacture devices that are a cut above the usual 
IC in performance and applicability, and because we realize 
that your interest in these products is indicative of your need 
for excellent system performance, our service goes beyond 
product , price and delivery. 

To get the most out of our circuits, you must clearly know 
how best to use them. This dictates the need for a high level of 
communication . . . provided by the completeness of our 
product data sheets and application notes, and by a team of 
circuit design-oriented engineers who are well versed in solving 
product and applications problems. And if our products are 
not specified exactly as required by your system application, 
if a max drift must be lower or a minimum gain higher, or if 
you need special device processing, we are ready to cooperate 
to meet your requirement. 

Our broad line of l.C. products is presented in this section 
for the designer who specifically requires microcircuit 
products. For applications in which the choice of micro
circuits is not dictated, these products are also presented 
on a functionally comparative basis with Analog Devices' 
modular amplifiers and multipliers in these product 
sections. 

Introductory to the product descriptions, we have provided 
below: a brief overview of our current state-of-the-art 
production capability; a product line profile; and an abbrev
iated reference to the MIL 883 reliability standard to which 
our l.C.'s adhere. 

I.C. TECHNOLOGY AT ANALOG DEVICES 

Our broad line of linear l.C.'s is produced with a combina
tion of design, processing, test capabilities, and innovations, 
with stringent process control. 

A ct ive-operation laser trimming of thin-film resistors de
posited on the monolithic chip is an IC technology break
through unique with Analog Devices . It is used to manufac
ture the ADS 32 internally trimmed monolithic multiplier and 
is a technique that will find wide applications in future IC de
signs. Conventional, laser trimming is also performed on thin
film resistors deposited on ceramic substrates to permit F ET 
op amp offset voltages to be specified below 1.0 millivolt. 

Thin f ilm deposition on monolithic chips results in resistors 
that match within SOppm and track within Sppm to 
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produce voltage drifts below O.SµV!°C and multiplication 
error below 2% over the military temperature range . 

Dual FET fabrication on a single chip employs uniformed epi
taxy, low dislocation diffusion techniques, and silicon nitride 
passivation. This produces devices with ultra low gate leakage 
currents below O.lpA, extremely low noise, tight matching 
characteristics, with linear tracking over temperature guaran
teeing a temperature drift nonlinearity (TON) of ±lµV !° C. 

Super beta transistors pwduce gains of 2500 to 3000 with 
breakdown voltages of 20 to 3 5 volts. 

Hybrid assembly techniques provide circuits that combine 
the best individual characteristics of FET and bipolar 
chips into operational amplifiers that offer 250 femtoamp 
input currents and 6 volt/µsec slew rates. 

Thermal balancing of the chip layout is a primary design 
criteria for all circuits to minimize the effects of power 
dissipation which causes thermal feedback that mismatches 
the critical input stage. 

Stringent in-process control and 100% stress conditioning 
include pre-cap visual chip and bonding inspection, high 
temperature storage, high impact acceleration, and temp
erature cycling to eliminate defective units before they 
reach the customer. 

Computerized and fully automatic equipment tests the 
circuits for all guaranteed DC parameters, and combines 
with a user-oriented philosophy to produce such no
nonsense criteria as measuring FET op amp gain with the 
offset voltage automatically nulled, and measuring multi
plier accuracy in all four quadrants at three temperatures . 

Thus, Analog Devices has uniquely combined the numerous 
design, processing, and manufacturing capabilities necessary 
to produce its broad line of high performance integrated 
circuits . 

PRODUCT PROFILES 
The LC. product line is divided into eight main groups : FET in
put op amps ; high accuracy op amps ; instrumentation amplifiers; 
fast, wideband op amps ; general purpose DC op amps; conver
sion components; multiplier/dividers ; and dual transistors. These 
groups are st.!:>divided into more than three dozen product 
series with more than 250 standard variations . 



FET Input Operational Amplifiers 
The ADS03, ADS06, ADS13, ADS16, ADS23, and ADS40 
series all share the common functional characteristic of being 
able to accurately measure low level currents or small voltages 
from high impedance sources where bias current can be a pri
mary source of error. Their FET inputs provide fully warmed 
up maximum bias currents as low as 0 .2SpA (ADS23K), with 
offset voltages below l.OmV (obtained with internal laser 
trimming) (ADS06L), gains of 20k to SOk and CMRR's of 70 
to 80dB. Offset voltage drifts with temperature are guaranteed 
as low as lOµV!°C (ADS06L), and vary very little with Vos 
trimming. These amplifiers have a rypical small signal band
width of l .OMHz and a settling time to 0.1 % of lOµsec . 
Higher first stage current levels permit minimum slew rates of 
3.0V/µsec for internally compensated devices , and as high as 
SOV /µsec (ADS 13) where external compensation is possible. 

High Accuracy Operational Amplifiers 
The ADS04 and AD508 series, and the AD301AL and 
AD741 J/K/L/S are specially designed, processed , and tested 
to achieve the highest possible accuracy and stability with both 
temperature and time, and permit error budgets as low as a 
few parts per million at surprisingly low cost. They provide 
gains ranging from SOk to more than 1 million (AD504, 
ADS08), offset voltages as low as O.SmV, offset voltage 
drifts from 20µV !° C to below O.SµV !° C, bias currents from 
200nA to less than lOnA (ADS08), offset currents as low as 
l.OnA, and minimum CMRR's from 80 to llOdB. Typical 
noise is 1.0 to 3.0µV (p-p) in the O.OlHz to lOHz bandwidth , 
and the ADS04M guarantees maximum 0.6µV (p-p) noise from 
0.1 to lOHz. An added benefit of the thermally balanced de
sign of these amplifiers is their excellent output performance 
of up to ±lOV minimum into a lkD load at +70 C. Although 
these amplifiers are basically 300kHz to l.OMHz small signal 
bandwidth devices, several are externally compensated, per
mitting considerable variation in bandwidth and slew rate. 

Instrumentation Amplifiers 
The ADS 20 is the first IC instrumentation amplifier. It is 
closed loop gain block with differential inputs and an accurately 
predictable input-to-output gain relationship . The AD520 's per
formance is unlike that of conventional IC op amps because of 
an internal feedback design which permits gain adju stment 
from 1 to 1000 by varying the value of a single resistor. High 
Zin is achieved at both inputs and both Zin and CMRR remain 
high at all gain settings. 

Fast, Wideband Operational Amplifiers 
The ADS OS, ADS07, ADS09 and ADS 18 operational ampli
fiers are specifically designed for applications requiring wide 
bandwidth, high slew rate, fast settling time to high accuracy , 
predictable operation and low cost. Their excellent ac per
formance is characterized by small signal bandwidths up to 
3SMHz (ADS07), slew rates above 120V/µsec (ADSOS), and 
settling times guaranteed below 2µsec to 0 .01 % (AD509K). A 
high level of de accuracy is maintained with gains above 80k, 

offset voltages below 5.0mV, and input bias currents below 
7SnA. Because these amplifiers are optimized for wideband, 
fast settling operation, certain practical stabilization and inter
connection techniques are described in their specification sheets 
to insure proper operation and to minimize user experimentation. 

General Purpose DC Operational Amplifiers 
The ADlOlA, AD108, AD108A, AD502, and AD741 opera
tional amplifiers are characterized by good to excellent de per
formance provided by medium gain of 20k to SOk, offset volt
ages below 7.SmV, bias and offset currents as low as 0.2nA 
(AD108/108A), and common mode rejection ratios above 
80dB .. They typically have a small signal bandwidth of l.OMHz, 
slew rates of 0.3 to l.OV/µsec , and settling times to 0 .1 % of 
lOµsec. Several of them are externally compensated, and their 
ac performance can b!'! significantly improved by applying vari
ous compensation schemes. In keeping with their general pur
pose applicability, these amplifiers are supplied in a number of 
packages, including the T0-99 metal can, T0-116 ceramic DIL, 
plastic mini-DIP, and T0-91 flat package. 

Mui tipliers/Dividers 
The ADS30, ADS31, and ADS32 provide Analog with several 
IC multiplier firsts. The ADS 30 is the industry's first IC 
multiplier to include the transconductance multiplying ele
ment, stable reference, and output amplifier on a single mono
lithic chip. The ADS 31 is the first to provide a variable scale 
factor, and the ADS32 is the first internally trimmed mono
lithic multiplier. The devices multiply and square in 4 quad
rants ; divide in 2 quadrants, and square root in one quadrant; 
the ADS 3 0 and ADS 3 2 with a fixed scale factor of 10, and 
the ADS 32 with a variable scale factor of klz in volts. When 
multiplying, the ADS 30 provides the transfer function 
VouT = Vx · Vy/10, the ADS32, because of its differential in
puts, VouT = (Vx 1 - Vx 2 ) (Vy 1 - Vy 2 )/10, and the ADS31 

V OUT = V x · Vy /V z with V z set by an external resistor, or 
varied dynamically by an externally derived reference current. 
Both the ADS 30 and ADS 31 series are specified for max 
multiplying errors (with external trimming) as low as O.S % at 
+2S °C, l.S% from 0 to +70°C, and 3.0% from -SS °C to 
+12S° C. The ADS32 (requiring no external trimming) is speci
fied for errors below 1 % at +2S °C, and 4% from -SS C 
to +12S °C. 

Conversion Components 
Analog 's IC conversion components, which are used in our own 
modular DI A and AID converters , provide the user with a do
it-yourself kit for the construction of very small and reliable 
DIA and AID converters , which provide extremely high accu
racy and resolution over the military temperature range. The 
components include integrated circuit switches and associated 
thin-film resistor networks which form the heart of DI A and 
AID converters having 8-to-12-bit accuracy . 

Four basic series are available: the AD550 and ADS51 quad 
switches and the AD5S2 quint switch use current switching 
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techniques, and are recommended where speed and accuracy 
requirements are paramount; the AD555 quad voltage switch 
is optimized for applications where both digital and analog 
signals vary, such as digital-to-synchro conversion or multi
plying DAC applications. 

Compatible thin-film resistor networks for binary current 
summing are also available : the AD850 (12-bit resolution), 
and the AD852/85 3 (8 bits/4 bits) set for use with the AD550, 
AD551 and AD552; the AD855 is a 12-bit R/2R network for 
voltage switching, and is used with the AD555. 

Monolithic Dual Transistors 
A complete line of low cost dual monolithic NPN and PNP 
transistors is available with excellent matching characteristics 
(0.5mV max) and exceptional high current gain (500). 

Also available is an exclusive line of super beta transistors 
(beta's of 1000 to 3000) with outstanding breakdown voltages 
of 20 to 35 volts. These combined specs are nowhere else 
available! 

To aid the circuit designer, Analog Devices developed a dual 
monolithic NPN transistor especially suited for logarithmic 
converters and computational circuits . This transistor, the 
AD818, is also unique with its extremely low voltage noise 
specification and low collector saturation voltage . 

Dual Monolithic TRAK-FET's 
The AD820, AD840, AD5906 and AD3954 Series are the result 
of recent breakthroughs in monolithic junction FET processes . 
The use of proprietary deposited diffusion techniques 
provide gate diffusion uniformities unattainable from 
standard gas diffusion sources. The inherent advantages of 

the TRAK-FET's are exhibited in low gate leakage, excellent 
drift linearity with temperature and tight Gfs and Y 05 matching. 

Unique characteristics are displayed by the AD830 Series 
where the gate leakage current is extremely low, 0.1 pA max, 
while the AD840 Series show outstanding low noise speci
fications, 15nV/YHZ max at lOHz. 

MIL STANDARD 883 
Analog Devices manufactures its modular, converter, and 
integrated circuit products to standards of quality that 
meet and consistently exceed our customers' requirements 
for high reliability applications in military, aerospace, 
instrumentation , and industrial systems. Because of their 
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hermetically sealed packages, low component count, and 
minimum number of interconnections, integrated circuits 
offer the highest inherent reliability to the user. We 
optimize this reliability by adherence to exact manufac
turing control, and to the processing and inspection require- · 
ments of MIL-STD-883, a government processing, testing, 
and inspection standard that defines the following levels of 
screening for integrated circuits. 

l. Class A - "Devices intended for use where mainten
ance and replacement are extremely difficult or 
impossible and reliability is imperative." 

2 . Class B - "Devices intended for use where maintenance 
and replacement can be performed, but are difficult and 
expensive, and where reliability is vital." 

3. Class C - "Devices intended for use where maintenance 
and replacement can be readily accomplished and down
time is not a critical factor." 

Further guidance is provided: 

"Since it is not possible to prescribe an absolute level of 
quality or reliability which would result from a particular 
screening level or to make a precise value judgment on the 
cost of a failure in an anticipated application, three levels 
have been arbitrarily chosen. The method provides 
flexibility on the choice of conditions and stress levels to 
allow the screens to be further tailored to a particular 
source, product or application based on user experience . 
The user is cautioned to collect experience data so that a 
legitimate value judgment can be made with regard to 
specification of screening levels. Selection of a level better 
than that required for the specific product and application 
will, of course, result in unnecessary expense and a level 
less than that required will result in an unwarranted risk 
that reliability and other requirements will not be met. 
In the absence of specific experience data, the Class B 
screening level is recommended for military applications. " 

Where particularly specified by the user, Analog Devices 
will supply its integrated circuits screer..::d to Class A, B 
or C of MIL-STD-883 Method 5004 . Standard high
reliability products, denoted by a /883 suffix on the 
part number (e.g ., AD530S/883), are screened to Level B. 



HIGH ACCURACY FET- INPUT OP AMP 5 
PIN CONFIGURATION AD506 t! 

Top View 

NC 

v-
T0-99 

GENERAL DESCRIPTION 
The AD506J, AD506K, AD506L and ADS06S are high accu
racy FET-input op amps which combine the low current char
acteristics rypical of FET amplifiers with the low initial offset 
voltage and offset voltage stability of bipolar amplifiers. Active 
laser trimming and close matching of circuit elements provide 
maximum warmed-up offset voltage below 1.0mV, maximum 
offset voltage drift of lOµVJ°C, and warmed-up bias current 

below SpA max. Other excellent characteristics include open 
loop gain above 75,000 and minimum CMRR of 80dB. 
User-oriented circuit design and testing philosophy insure that 
full advantage can be taken of the high performance specifica
tions of the AD506 . Offset voltage nulling is accomplished 
without affecting the operating current of the FET's and re
sults in small changes in temperature drift characteristics. For 
example, the drift induced by nulling the AD506 is only 
±0.BµV J° C per millivolt of nulled offset voltage. Funher, the 
AD506 is guaranteed to meet its maximum lb and Vos specs 
after full device warm-up caused by self-heating of the chip due 
to internal power dissipation. The bias current is specified as a 
maximum at each input, not as the average of the two inputs. 
Finally, gain is measured with the offset voltage nulled. Nulling 
a FET-input op amp can cause the gain to decrease below its 
specified limit. The minimum gain of the AD506 is guaranteed 
with Vos both nulled and unnulled. All models are supplied in 
the T0-99 metal can package. The AD506J, Kand Lare speci
fied for operation from 0 to +70°C; the AD506S from -55°C 
to +125°C. 

ELECTRICAL SPECIFICATIONS (Typical at +25°C and ±lSVDC, unless otherwise noted) 

Parameter 

Open Loop Gain (Note I ) 
VouT =± JOY , RL ;;.2kl1 
T A = min to max 

Output Characteristics 
Voltage @ RL = 2kl1 , TA = min to max 

@ RL = !Okl1 , TA =min to max 
Load Capacitance (Note 2) 
Short Circuit Current 

Frequency Response 
Unity Gain , Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Settling Time , Unity Gain 

Input Offset Voltage (Note 3) 
vs. Temperature , TA = min to max 
vs. Supply, TA = min to max 

Input Bias Current 
Either Input (Note 4) 

Input Impedance 
Differential 
Commo n Mode 

Input Noise 
Voltage, 0 .1 Hz to !OHz 

f = !OHz 
f = IOOHz 
f =!kHz 

Input Voltage Range 
Differential 
Common Mode, TA = min to max 
Commo n Mode Rejection, Vin = ±JOY 

Power Supply 
Rated Performance 
Operating 
Quiescent Current 

Temperature 
Operating , Rated Performance 
Storage 

Price (1-24) 
(25-99) 
(100-999) 

ADS06J 

20 ,000 min 
IS,000 min 

±!OV min 
±12v min 
!OOOpF 
25mA 

1.0MHz 
!OOkHz 

3 .OV /µsec min 
IOµsec 

3.5mV max 
15µV!° C max 
200µVfV max 

15pA max 

!011 l1l l2pF 
!01 2 l1ll2pF 

15µV(p-(') 
280nV/yHz 
70nViv'Hz 
25nViv'Hz 

±4V 
±!OV min 
70dB min 

±J5V 
±(5 to !8)V 

7mAmax 

Oto +70° C 
-05°C to +150°C 

$13 .00 
$11.00 
$9.50 

ADS06K 

50,000 min 
40 ,000 min 

1.5mV max 
25µV!°Cmax 
IOOµVfV max 

!OpA max 

80dB min 

$15.50 
$12.80 
$11.00 

ADS06L 

75,000 min 
50,000 min 

1.0mV max 
lOµVl°C max 

IOOµVfV max 

5pA max 

80dB min 

$24.00 
$19.20 
$16.00 

ADS06S 

S0,000 min 
25 ,000 min 

1.5mV max 
50µV!°C max 

IOOµV/V max 

!OpA max 

80dB min 

±(5 to 22)V 

-55°C to +125°C 

$26.50 
$21.80 
$17.60 

1.0pen Loop Gain is specified with Vos both nulled and unnulled. 
2.A conservative design would not exceed 7 SOpF of load capacitance. 
3.lnput offset voltage specifications are guaranteed after 5 minutes of 

operation at TA = +25° C. 

4 .Bias current specifications are guaranteed after 5 
minutes of operation at TA = +25° C. For higher 
temperatures, the current doubles every+ 10°C. 

•specifications same as for AD506J . 
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HIGH SPEED FET-INPUT OP AMPS 
AD513, AD516 
GENERAL DESCRIPTION 
The AD513 and ADS 16 high speed FET op amps combine 
high DC accuracy with excellent dynamic response by utilizing 
the flexibility of external compensation. With simple lag com
pensation, the ADS 13 and AD516 achieve slew rate of 

PIN CONFIGURATION 
Top View 

20V !µsec, and gain bandwidth of lMHz at-unity gain and 
lOMHz for gains greater than .100. With feedforward compen
sation a slew rate of SOY /µsec and gain bandwidth of 30MHz 
can be achieved . High accuracy DC specifications include max 
bias current as low as 20pA, a minimum gain of 50,000, and 
CMRR of 80dB. 

The AD513 is suggested for all general purpose FET input am
plifier requirements where low cost and frequency response 
flexibility are of prime importance. The ADS 16, with specifi
cations otherwise similar-to the AD513 , offers significant im
provement in offset voltage by supplementing the AD513 
configuration with internal laser trimming of thin film re
sistors to provide typical offset voltages below lmV. 

The devices are also fully short circuit protected and can be 
externally offset voltage.nulled. All the circuits are supplied in 
the T0-99 package in the same pin configur.ation as the 
ADlOlA and AD108/108A. The AD513J/AD516J and 
AD513K/AD516K are specified for 0 to +70°C temperature 
ran~e operatio~; the AD513S/AD516S for operation from 
-55 c to +125 c. 

TYPICAL COMPENSATING 
SCHEMES 

c, 

Gain (Inv) 1 1 
R, (.Q) lOk lOk 
R2 (.Q) lUk lOk 
C, (pF) 30 1 
C2 (pF) 0 12 
C3 (pF) 0 150 
BW (kHz) 1000 1000 
Slew Rate (V/µs) 5 50 

T0-99 

10 10 
lOk lk 
lOOk lOk 
8 1 
0 12 
0 0 
500 1000 
20 30 

Offset Nulling 
Scheme 

1 5M!! 5 

T 
•Vs 

10 100 100 
lk lk 100 
lOk lOOk lOk 
0 1 0 
8 0 39 
150 0 0 
1000 100 300 
50 6 15 

ELECTRICAL SPECIFICATIONS (Typical @ +25°C and' ±l5VDC unless otherwise specified.) 
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Parameter 

Open Loop Gain (Note I) 
VouT = ± tov. Re ;;> 2kn 
TA = mi n to max 

Ou tput Characrer iscics 
Vokage at R L = 2kf2 . TA = m in 10 max 

at H. 1. = IOkQ, TA = mi n to max 
Load Capacitance. Uniry Gain (Noce 2) 
Short Circu it Current 

Frequency Respo nse 
Un iry Gain , Small Signal (Fecd fo rward) 
Slew Rate, Unity Gain (Feedforward ) 

lnpu r Offse1 Voltage (Note 3) 
vs Temperat u re, TA = min 10 max 
vs Su pply.TA = min to max 

Input Bias Current 
Either In put ( o tc 4) 

Inpu t I mpedancc 
Diffe ren tial 
Com mon Mode 

Inpu t Noise 
Volcage , O. l ll zro to ll z 

Sliz co 50k llz 
f = 1 k Hz (spor noise) 

Input Voltage Range 
Differential 
Common Mode , TA = min 10 max 
Common Mode Re1cc1io n, Vm = ±. JUV 

Power Supply 
Rated Perfo rmance 
Operating 
Quiescent Current 

Temperature 
Operating, Ra ted Performa nce 
Storage 

Pri1.:c 
( 1-24) 
(25-99) 
(IOU-999) 

NOTES ' 

AD513J /AD51 6J 

20,000 min 
15 ,000 min 

! lOV min 
±12V mi n 

IOOOpF 
25mA 

!Miiz 
50V/µscc 

SOmV max/ 3.SmV max 
75 µV t° C max 
JOOµ V/ V max 

JOpA max 

10 1 1 11i l2pF 
I0 11 fl ll 2 F 

15µV (p-p) 
5µV (rms) 

25n V/,,,,'fu 

±.2 Vs 
±. IOV mm 
70d li min 

! I 5\1 
=<5 to 18)V 

7mA max 

o lo +-7cl"c 
-6s '' c..: w .. 1so0 c: 

S 1 1.UO/ S 13.UU 
59 .00/5 I I .Ull 
57.50/59.50 

AD 5 13K/ AD51 6 K 

50,000 min 
40 ,000 min 

20mV max/l .SmV max 
25µV /e> C max 

200µV/ V max 

20pA max 

S I J.50 / 5 15 .50 
5 10.8015 12.80 
59 .UO/$ I I .OU 

AD S I JS / AD5 16 S 

50,000 min 
40,000 min 

20mV max / l .SmV max 
SOµV t° C max 
200µV/V max 

20pi\ max 

-ss "c: w +12s 0 c 

$2 1 .00/ $26 .50 
$ 16.80 /$2 1.80 
5 14 .00/ $ 17.60 

1. Open Loop Gain is specified with Vos both nulled and unnulled. • specificat ions same as for AD5 l 3J . 
2. A conservative design would not exceed SOOpF of load i.:apacitancc . 

3. Input Offset Voltage specifications arc guaranteed after 5 minutes of operation at TA = +2 5° C . 
4 . Bias Current specifications arc guaranteed after 5 minutes of operacion ac TA = +25°C . For 

higher temperatures, the current doubles <."Very +10° C . 



LOW COST FET-INPUT OP AMPS i 
PIN CONFIGURATION 

Top View 

AD503, AD540 • 
GENERAL DESCRIPTION 
The AD503 and AD540 IC FET-input op amps provide med
ium to high performance at low cost for all general purpose ap
plications where the measurement of low-level currents, or 
small voltages from high impedance sources is a primary re
quirement. Despite their low cost, both models offer such 
benefits as bias current (maximum for either input) and offset 
voltage specified under fully warmed-up. conditions, minimum 
gain guaranteed with the offset voltage both nulled and un
nulled, and minimal variation in offset voltage drift with null
ing. The AD503 series provides higher accuracy with maximum 
bias currents below lOpA, maximum offset voltage of less than 
20mV, maximum offset voltage drift below 25µV!°C. and 
minimum CMRR above 80dB. At a lower price, the AD540 has 
only slightly reduced accuracy, and provides the additional 

Off SET OFFS£1 

T0-99 ~' 
l_-0v 

benefit of a differential input voltage range of ±20V. Both cir
cuits have excellent dynamic performance, with typical slew 
rates of 6V/µsec, and are supplied in the T0-99 package for 
operation from 0 to +70°C and -55 °C to +125 °C. 

ELECTRICAL SPECIFICATIONS (Ty pical at +25 ° C and ±15VDC, µnless otherwise noted) 

PARAMETER AD503J AD503K AD503S 

Open Loop Gain (Note 1) 
VouT = ±IOV, RL ;;;.. 2kD. 20,000 min 50,000 min 50,000 min 
TA = min to max 15,000 min 40,000 min 25,000 min 

Output Characteristics 
Voltage @ RL = 2kD., TA = min to max ±IOV min . • 

@ RL = lOkD., TA =mi n to max ±12Y min • . 
Load Capacitance 750pF . . 
Short Circuit Current 25mA . . 

Frequency Response 
Unity Gain, Small Signal l.OMHz • • 
Full Power Response lOOkHz . . 
Slew Rate, Unity Gain 3 .OV /µs ec min . • 
Settlif1g_ Time , Unity Gain (to 0.1 %) 1 Oµsec . . 

Input Offset Voltage (Note 2) 50mV max 20mV max 20mV max 
vs Temperature, TA = min to max 75µV !°C max 25µVl°C max 50µV l° C max 
vs Supply, TA =min to max 400µV/V max 200µV/V max 200µV/V max 

Input Bias Current 
Either Input (Note 3) 15pA max JOpA max lOpA max 

Input Impedance 
Differential 10 1 1 D.il2pF . • 
Common Mode 10 1 2 D.il2pF • • 

Input Noise 
Voltage , O.lHz to 101-! z 15µV (p-p ) • . 

5 Hz to 50kHz 5.0µV (rms) • . 
f = 1 kHz (spot noise) 30.0nV /yl-Iz . • 

Input Voltage Range 
Differential ±3 .0V • . 
Common Mode, TA = min to max ±IOV min • • 
Common Mode Rejection, Vin= ± JOV 70dB min 80dB min 80dB min 

Power Supply 
Rated Performance ±15V . . 
Operating ±(5 to 18)V • ±(5 to 22)V 
Quiescent Current 7mA max . . 

Temperature 
-55 ° C to +125° C Operating, Rated Performance 0 to +70°C . 

Storage -65 °C to +150° C . . 
Price 

- (1-24) $14 .80 $21.00 $27 .00 
(25-99) $12 .00 $ 16 .80 $21.50 
(100-999) $9 .90 $14 .00 $18.00 

NOT ES, 
I. Open Loop Gain is specified with Vos both nulled and unnulled. 
2. Input offset specs are guaranteed after S minutes of operation at TA= +25°C. 
3. Bias current specs are guaranteed after S minutes of operation at TA = +25°C. For higher temperatures , the cu rrent doubles every +10°C. 
•specifications same as for ADS03J . 

AD540J 

20,000 min· 
15,000 min 

• 
• . 
• 

• 
• 

6.0V/µsec 
• 

50mV max 
75µV l°C max 
400µV/V max 

50pA max 

• 
• 

• . 
• 

±20V 
• 

70dB min 

• 
±(5 to 18)V 

• 

0 to +70°C . 
$6.45 
$5.70 
$4.90 
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ELECTROMETER FET-INPUT OP AMPS 
AD523 

GENERAL DESCRIPTION 
The AD523J, AD523K, and 523L are internally com
pensated FET input IC operational amplifiers that feature 
sub-picoamp bias current performance, low drift , high 
common mode rejection, and high gain . Maximum bias 
currents as low as 0 .25pA under warmed-up operating 
conditions are achieved by combining matched small 
geometry FET chips with a specially designed monolithic 
chip within a low leakage T0-99 package . The package 
is manufactured with high resistivity glass insulation and 
a guard pin connected to the can to minimize surface 
leakage currents, power supply induced input noise, and 
capacitive pickup . The AD523 is fully short circuit 
protected and offset voltage nullable , and offers maxi
mum voltage drift of 30µV!°C, minimum CMRR of 80dB, 
and minimum gain of 40,000 VN . The AD523J, K, and L 
are specified for operation over the 0° C to + 70° C 
temperature range . 

PIN CONFIGURATION 
Top View 

GUARD PIN 

V -

OFFSET NULL 10k n OFFSET NULL 

~ 

~v 
T0-99 

ELECTRICAL CHARACTERISTICS (Typical @ +25°C and ±lSVDC, unless otherwise noted) 

Parameter 

Open Loo p Gai n 
Vos ;;;, 0 , R L : 2krl 
@ TA:Oto+70°C 

Output Characterist ics 
Vo ltage @ R L : 2krl, TI\ : 0 to +70°C 
Current, TA : 0 to +70° C 
Load Capacitance 
Shore Ci rcu it Current 

Frequency Res ponse 
Unity Gain , Small Signal 
Full Power Response 
Slew Race, Unity Gain 

Input Offset Voltage 
Ini t ia l 
vs.Temp TA : Oco+70°C 
vs. Sup pl y 

Input Bias Current 
In itial , each input , V diff .;AV (Note I) 

In put Im pedance 
Differential 
Common Mo de 

Input No ise 
Voltage , 0 .01 to l ll z 

5 Hz to 50k Hz 

In pu t Voltage Range 
Different ial, max safe 
Common Mode Rejection @ ±8V 

TA : 0 to +70° C 

Power Suppl y 
Rated Perfo rma nce 
Operat ing 
Current , qui escent 

Tem peratu re Range 
Raced Perfo rmance 
Operating 
Stora c 

Prices (J -24) 
(25-99) 
100-999) 

AD5 23J 

20,000 min (50 ,000 typ) 
15 ,000 min 

± IOV min (± !2V cy p) 
±5mA min 

IOOOpF 
25mA 

500k ll z 
50kHz 

3V/µ sec min (5V/µsec 1yp) 

50m~ max (2 5mV tpl 
90µV / C max (2 5µV / C typ) 

200µVIV max 

- 1.0pA max (--0 .4pA t yp) 

10 1 2 ll3 pF 
10 1 3 ll3 pF 

20µV p- p 
15µV rms 

±!OV 

70dB min (80dB typ ) 

± i 5V 
±( 5 to 18)V 

±7 .OmA max (±5 .OmA typ) 

o to +70°C 
-55°Cto +125 °C 
-65 °Cto +150°C 

$2 1.00 
16 .50 
14 .00 

AD52 3 K 

40,000 min (7 5 ,000 typ ) 
25,000 min 

20mV ma x (IOmV typ) 
30µV t°C max (I 5µV /° C cyp) 

! OOµV / V ma x 

--0 5pA max (--0 .2pA cy p) 

80dB mi n (90dB typ) 

$25 .00 
20 .00 
16 .7 5 

AD523L 

40,000 min (75 ,000 ty p) 
25 ,000 mi n 

20mV max (IOmV cyp) 
60µV t° c max (25µ V t° c ty p) 

IOOµVIV max 

--0 .25pA max (--0 . l pA typ ) 

80dB min (90dB typ) 

$28.00 
22 .50 
18.75 

NOTE 1 : Bias Current specifi cation guaranteed after 5 minutes of operat ion at TA= +2 5° C. (For higher ambient temperatures, the current 
doubles every+ 10°C.) 
•specifications same as AD5 23 I. 
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FET-INPUT GENERAL PURPOSE OP AMPS 
PIN CONFIGURATIONS 

~ 
BOTTOM VIEW 

AD5 01 

Bottom View 

+15V - 15V 

ADM501 

PIN 1: INVERTING INPUT 
PIN 2: NON-INVERTING INPUT 
PIN 3: +15VDC 
PIN 4: - 15VDC 
PIN 5: OUTPUT n 

l ·_J 
BOTTOM VIEW 

ADP501 

ADSOI, ADMSOI, ADPSOI 

GENERAL DESCRIPTION 
The Analog Devices Model AD501 is a microcircuit FET 
input operational amplifier that is supplied in the industry
standard axial-lead and plug-in molded packages , and in the 
hermet ically sealed TCT-8 type of package . The AD501 
features offset voltages of less than lmV, offset voltage 
drifts below 25µV !°C and bias currents of less than 5pA. 
The circuits are manufactured with strictly controlled 
hybrid assembly techniques , which have proven their 
high reliability and fault-free performance through three 
years of system usage . The AD501 is supplied in the 
end-lead mini-package ; the ADP501 in the bottom-lead 
mini-package; and the ADM501 in the TCT-8-type 
package . 

ELECTRICAL CHARACTERISTICS (VS = ±15V, TA= +25 ° C, * unless otherwise noted) 

Parameter Conditions SOlA 501B 501C Units 
P501A P501B P501C 
MSOlA M501B M501C 

Initial Input Offset Voltage Rs~ lOOkD. 2.0 1.0 1.0 mV 
(max) 

Average Temp Coef of Input TA =-25°C to 75 25 25 µV !° C 
Offse t Voltage (max) +85°C 

Initial Input Bias Current 25 10 5.0 pA 
(max)** (l OpA M501 ) 

Average Temp Coef of Input TA= 25°C 2.5 1.0 0.5 pAf°C 
Bias Current (t yp) ** (lpAf°C M501 ) 

ALL DEVICES 

Parameter Conditions MIN TYP MAX Units 

Large Signal Voltage Gain RL:;;,, 2kD. 25 ,000 100 ,000 VIV 
V 0 = ±lOV 

1011 Input Resistance Differential n 
Common Mode 1011 n 

Input Capacitance 4 pF 
Input Noise Voltage (rms) 5Hz to 50kHz 6 µV 
Input Voltage Range ±10 ±12 v 
Common Mode Rejection V1N = ±5V 80 dB 
Supply Voltage Rejection 50 µV/% 
Output Voltage Swing RL:;;,, lOkD. ±12 ±1 4 v 

RL;;,, 2kD. ±IO ±13 v 
Output Short Circuit Current 25 mA 
Supply Current 9 mA 
Slew Rate 3 5 V/µs 
Unity Gain Bandwidth 4 MHz 
Full Power Response RL:;;,, 2kD., 70 kHz 

v :;;,, lOV 

Price (1-9) 501 30.00 35 .00 40.00 $ 
P501 30.00 35 .00 40.00 $ 
M501 35.00 40.00 45 .00 $ 

0 
*Typical Junction Temperature (Tj) is 10 C above Ambient Temperature (TA) after 15 minutes warm-up at Vs= ±lSV. 
*Doubles every 10°C . 
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FET-INPUT GENERAL PURPOSE OP AMPS 
ADSll , ADPSll 

GENERAL DESCRIPTION 
The Analog Devices AD511 and ADP511 series of FET
input operational amplifiers are low cost pin-for-pin 
replacements for the 501 and P501, 20-008 and 20-108, 
C-118 and 140801 FET op amps. They feature offset 
voltages of Jess than lm V, offset voltage drifts below 
25µV I° C, and bias currents of Jess than 5pA. The AD511 
and ADP511 series are manufactured by combining 
separate specially designed monolithic bipolar amplifier 
and FET chips on a laser-trimmed thick-film substrate. 
This technique provides extremely high performance 
and reliability at a significant reduction in assembly 
cost - making possible a low selling price. The circuits 
are available in A, B and C specification variations for 

PIN CONFIGURATIONS 

===IOI=== 

PIN 1: INVERTING INPUT 
PIN 2 : NON-INVERTING INPUT 
PIN 3: +lSVDC 
PIN 4: -lSVDC 
PIN 5: OUTPUT 

~_,D,__-
B OTTO M VIEW 

AD511 

CJ 
BOTTOM VIEW 

ADP511 

operation over the -25°C to +85°C temperature range 
The AD511 is supplied in the end-lead mini-package; 
the ADP511 in the bottom-lead mini-package. 

ELECTRICAL CHARACTERISTICS (Vs= ±15V, TA= 25°C:unless otherwise noted) . 

Parameter Conditions 511A 511B 511C Units 
P511A P511B P511C 

Initial Input Offset Voltage Rs~ 1ookn 3.5 1.5 1.0 mV 
(max) 

TA=-25°Cto Average Temp Coef of Input 75 25 25 µV/°C 
Offset Voltage (max) +85°C 

Initial Input Bias Current 25 10 5.0 pA 
(max)** 

TA= 25°C pA/oC Average Temp Coef of Input 2.5 1.0 0.5 
Bias Current (tYI~)* * 

ALL DEVICES 

Parameter Conditions MIN TYP MAX Units 

Large Signal Voltage Gain RL ~ 2kD 25,000 100,000 VN 
Vo =±lOV 

1011 Input Resistance Differential n 
Common Mode 1012 n 

Input Capacitance 2 pF 
Input Noise Voltage (rms) 4Hz to lOkHz 7 µV 
Input Voltage Range ±10 ±12 v 
Common Mode Rejection 70 86 dB 

Ratio 
Supply Voltage Rejection 100 µVN 

Ratio 
Output Voltage Swing RL ~ 1okn ±12 ±14 v 

RL~ 2kn ±10 ±13 v 
Output Resistance 75 n 
Output Short Circuit Current 25 mA 
Supply Current 7 mA 
Slew Rate 3 5 V/µs 
Unity Gain Bandwidth 1 MHz 
Full Power Response RL ~2kn , 70 kHz 

Vo~ lOV 
Transient Response RL~ 2kD, 

Rise Time CL~ lOOpF 300 ns 
Overshoot 5 % 
Overload Recovery 6 µs 

Price (1-9) 20.00 24.00 29.00 $ 
(lQ-H) 18.00 21.00 26.00 ~ 

0 . *Typical Junction Temperature (Tj ) is 10 C above Ambient Temperature (TA) 
after 15 minutes warm-up at Vs= ±lSV 

**Doubles every 10° C 
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LOW DRIFT, LOW NOISE OP AMP :s 
PIN CONFIGURATION 

Top View 
AD504 ; 

GENERAL DESCRIPTION 
The AD504J, AD5 04K, AD504L, and AD504M are moderately 
priced operat ional amplifiers which combine ultra-low drift 

T0-99 

and noise and extremely high gain with the fre quency response 
and slew rate of general purpose I.C. op amps. A new double 
integrator circuit concept combined with a precise thermally
balanced layout achieves maximum nulled offset drift below 
0.5µV!°C, max input noise voltage of 0 .6µV (p-p), and mini
mum gain of 106

. Unity gain small signal bandwidth is 300kHz 
and the slew rate is 1.2V /µ sec at a gain of 10. The amplifier is 
externally compensated for unity gain with a single 390pF ca
pacitor ; no compensation is required for gains above 500. The 
AD504 has full y protected inputs, which permit differential in
put voltages of up to ±Vs with out voltage gain or bias current 
degradat ion due to reverse b reakdown. The output is also pro-

tected from short circuits to ground and/or either su pply volt
age, and is capable of driving lOOOpF of load capacitance. All 
models are specified for operation over the 0 to +70°C temper
ature range, and are supplied in the T0-99 can package. 

ELECTRICAL SPECIFICATIONS (Typical @ +25 °C and ±lSVDC, unless o therwise noted) 

MODEL 

OPEN LOOP GA IN 
v 0 , = ±lOV, RL ;;.2kn 
@ TA = 0°C to +70°C 

OUTP UT CHARACTER ISTICS 
Voltage @ RL ;;. 2kn , TA = 0°C to +70°C 
Load Capacitance 
Output Curre nt 
Short Circuit Cu rrem 

FREQUENCY RESPONSE 
Unity Gain , Small Signal, Cc= 390pF 
Full Power Response , Cc = 390pF 
Slew Rate , Unity Gain, Cc= 390pF 

INPUT OFFSET VOLTAGE 
Initial Offset, Rs .;; I okn 
vs. Temp ., TA= 0°C to +70°C, V 0s nulled 

TA = 0°C to +70°C, 
V 0s unnulled (No te I) 

vs. Supply 
@ TA = 0°C to +70°C 
vs. Time 

INPUT OFFSET CURRENT 
@ TA=+25 °C 

INPUT BIAS CURRENT 
Initial 
@TA= 0°C to +70°C 
vs. Temp .. TA= 0°C to +70°C 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT NOISE 
Voltage, O. J l-lz to !OHz 

f = IOOH z 
f = I kH z 

Current , f = I OHz 
f = !OOHz 
f = I kHz 

INPUT VOLTAGE RANGE 
Differential or Common Mode, max safe 
Common Mode Rejection , Yin = ±IOV 

POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 

TEMPERATURE RANGE 
Operating, Rated Performance 
Storage 

PRICE 
(1 - 24) 
(2 5- 99) 
(100- 999) 

NOTES : 

AD504J 

250,000 min 
125,000 min 

±JOY min (± i 3V ty p) 
I OOO pF 

IOmA min 
25mA 

300kHz 
l .5kHz 

0 .12V/µsec 

2.5mV max 
5 .OµV I° C max 

IOµV f° C max 
25µ V/V max 

40µV/V 
20µV /mo 

40nA max 

200nA max 
300nA max 
300pA/° C 

o .5Mr! 
JOOMr! ll 4pF 

I .OµV (p-p) 
JOnV /y Hz (rms) 

SnV iv' Hz (rms) 
l .OpA/V Hz (rms) 
0.6pA/VHz (rms) 
0 .5pAiv'Hz (rms) 

±Vs 
94dB min 

±15v . 
±(5 to 18 )V 
±4.0mA max 

0 to +70° C 
-65 °C to +150°C 

$11.20 
9.55 
8.40 

AD504K 

500,000 min 
250,000 min 

l .5mV max 
3.0µV f° C max 

5 .OµV I° C max 
15 µV/V max 
25µV IV max 

15µ V/mo 

15nA max 

I OOnA max 
150nA max 
250pAf°C 

1.oMn 

IOOdB min 

±3 .0mA max 

$19.80 ; 
16 .80 .. 
15.30 

AD504L 

106 min 
500,000 min 

0 .5mV max 
l.OµV ;° C max 

2 .0µ Vf°C max 
JOµ V/V max 
15µV/V max 

IOµV/mo 

lOnA max 

80nA max 
IOO nA max 
200 pAf° C 

l.3Mn 

IJOdBmin 

±3.0mA max 

$28 .00 
21.80 
20.40 

1 This parameter is not 100% tested. 
•specifications same as for AD504J. 

Typically, 90% of the units meet this limit. 

AD504M 

106 min 
500,000 min 

0 .SmV max 
O.SµV f° C max 

l.OµV l°C max 
IOµV/V max 
l SµV/V max 

lOµ V/mo 

IOnA max 

80nA max 
lOO nA max 
200pA/°C 

1.3Mn 

0 .6µ V (p-p) max 
!OnV/yHz (rms) max 
9nV/yHz (rms) max 

l.3pA/yHz (rms) max 
0 .6pA /yHz (rms) max 
0 .3pA/yHz (rms) max 

l!OdB min 

±3.0mA max 

$30.00 
23 .80 
22 .00 

11 .. 
0 a. c 
" .. •• 
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~ LOWEST COST HIGH ACCURACY OP AMPS i AD301AL, AD741J /K/L/S 
... .. 

c .. 
0 
M 
•• 
"' • v 
:t -a 
0 .. 
A. 

• a» c 

GENERAL DESCRIPTION 
fhe AD301AL and AD741J/K/L/S op amps provide the user 
with the highest possible performance achieved by the two 
most popular IC op amp series, combined with the lowest pos
sible cost. Their perfo rmance approaches that of precision am
plifiers , and offers the user the .additional advantage of using 
op amps with which he is already familiar. 

The AD301AL offers a 30% improvement in accuracy over 
the AD201A by reducing errors due to offset voltage (0 .5mV 
max) , offset voltage drift (5 .OµV !° C max) , bias current (30nA 
max) , offset current (SnA max) , voltage gain (80,000 min), 
PSRR (90dB min), and CMRR (90dB min) . 

CMRR. Similarly, the AD741S provides considerably impfO' 
performance over the AD741 for wide temperature range ap 
plications. Results of a typical error analysis indicate a facto 
of 8 improvement in accuracy of the AD741L, a factor of 5 
using the AD741K, and a factor of 2 .5 using the AD741J . T 
AD741S achieves a 3.5 times improvement over the AD741. 

The AD741J, AD741K, and AD741L substantially increase 
overall accuracy over the standard AD741C by providing max
imum limits on voltage drift, and significantly reducing errors 
due to offset voltage, bias and offset currents , gain , PSRR and 

All models are supplied in both the T0-99 metal can and 
molded minidip DIL packages . 

AD301AL pin configurations same as standard AD101A seri 
(See page 169.) AD741 J/K/L/S pin configurations same as 
standard AD741. (See page 169.) 

SPECIFICATIONS (Typical @ +25 °C and ±15VDC, unless otherwise specified) 

Model AD301AL Model AD741J AD741K 

Open Loop Gain Open Loop Gain 
Vo =±JOY, RL ;;>2kn 80,000 min RL = lkU, Vo= ± JOY 50,000 min 
Tmin /max 40 ,000 min RL = 2kU, Vo= ± JOY 50,000 min 

Output Characteristics Over Temp Range, T minimax, 

Voltage, RL ;;> 10kU, T min/max ±J2V min sa me loads as above 25,000 m in . 
RL ;;. 2kU, T min/max ± JOY min Output Characteristics 

Short Circuit Curren.t 25mA Voltage @ RL = ikU, T min /max ± JOY min 
Frequency Response Voltage @ RL = 2k!1, T min/max ±lOV min 

Small Sig ., A= I, Cc = 30pF !MHz Shorr Circu it Current limA . 
Feed forward IOMHz Frequency Response 

Fp, Cc= JOpF 6kHz Unity Gain, Small Signal !MHz . 
Feed forward 150kHz Full Power Response I Ok Hz . 

Slew Rate A= I, Cc = 30pF 0 .2 5V lµsec Slew Rate , Unity Gain 0. 5\'/µsec . 
F eedforward 9V~ec 

Input Offset Voltage Input Offset Voltage 
Initi al, Rs < 50kn 0 .5mV max Initial , Rs .;;; Jokn 3mV max 2mV max 
vs . Temperature , T min/max 5µVt°C max 

Tmin/max 4mV max 3mV max 
vs. Supply 90dB min 

Avg vs Temperature (untrim .) 20µV/°C max 15µV t° C max 
@ TA= 0 to +70° C 80dB min 

vs Supply, T minimax IOOµV IV max 15µV IV max 
Input Offset Curre nt 

Init ial SnA max Input Offset Current 

@ T min/max !OnA max Initial SOnA max IOnA max 
vs . Temperature, T min/max O. lnAl°C max Tmi!J/max IOOnA max ISnA max 

Avg vs Temperature 0.JnAl°C 0.2nA/° C max 
Input Bias Current 

Input Bias Current 
Initial 30nA max 

@ Tmin/max 45 nA max 
Initial 200nA max 75nA max 

lnput Voltage Noise T minimax 400 nA max 120nA max 

35nVlv'Hz 
Avg vs Temperature 0.6nAl°C I .5 nAI° C max f = JOHz 

Input Impedance 
f = IOOHz 28 nVlv' Hz 
f = lkHz 22nVlv' Hz 

Differential !MU 2MU 

Input Impedance l .5 MU min 
Input Voltage Range (Note I) 

Differential , max safe ±JOY . 
Input Vol rage Range Common Mode, max safe ±15V . 

Diff. o r CM, max safe ±Vs . Vs .;;; 15v Common Mode Rejection 
Com mon Mode Rejection Ratio 90dB min 

T min/max 80dB min 90dB min 
@Tmin/max 80dB m in 

Power Supply Power Supply 
Rated Performance ±!5V Rated Performance ±!5V . 
Operating ±!8V Operati ng ±(5 to J8)V ±(5 to 22)V 

__lliiiescem Current J mA max CurrentJl.,uiescent .ll.mA max 2 .8mA max 
Temperature Range 

o :o +10°c 
Temperature Range 

Oto+10° c Operating, Rated Performance Operating, Rated Performance . 
Storage -65°C ro +150°c Storage -65 ° C to +150°C . 

Price Price 
(1-24) $6.00 (1-24) $1.85 $3.40 
(25-99) $4.80 (25-99) $1.50 $2.70 
(I00-999) $4 .50 (100-999) $1.25 $2 .25 

Note 1: For supply voltages Jess than ± 1 SV, the absolute maximum input voltage is equal to t he supply voltage. 
*Specifications same as AD741J. 
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AD741L AD741S 

. 
50,000 min 

. . 
. 

±IOV min . . 
. . . . . . 

0.5mV max 2mV max 
lmV max . 

5µV /° C max 15µVt°C max 
15µV IV max . 

SnA max IOnA max 

lOnA max 25nA max 

0.lnA/° C max 0.25 nA /°C ma: 

50nA max 75nA max 
IOOnA max 250 nA max 

JnA /° C max 2nAl° C max 

2MU 2MU 

. . . . 
90dB min . 

. . 
±(5 to 22)V ±(5 to 22)V 
2.8mA max 2.8mA max 

. -55 °C to +125°c . . 
$9.00 $4.95 
$7.20 $4.00 
$6 .00 $3 .30 



CHOPPERLESS LOW DRIFT 
OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 
The Analog Devices AD508 is the highest accuracy IC opera
tional amplifier presently available . Its combination of low 
drift (O .SµV f° C max), low offset current (1.0nA max), and 
long term stability (lOµV/month max) make it the choice 
for all applications requiring the utmost in precise perform
ance from an IC op amp. Guaranteed parameters also include 
gain greater than 106

, PSRR less than lOµV/V , CMRR above 
llOdB, and offset voltage below O.SmV - nullable to zero . 
In addition, the AD508 's superbeta input transistor quad re
sults in maximum offset and bias currents of lnA and lOnA, 
while permitting the input stage to operate at sufficiently 
high current levels to provide a unity gain slew rate of 
0 .12V/µsec and small signal bandwidth of 300kHz. 

AD SOS 
PIN CONFIGURATION 

Top View 

OFFSET OFFSET 

T0-99 

~L 

1-ev• 
The outstanding long term stability of the AD508 is attained time it must meet interim and end-point limits in order to be 
by subjecting 100% of the devices to a 100 hour stabilization qualified to its lOµV/month maximum drift performance. 
burn-in . Following this, the AD508L is closely monitored The AD508J , K and L are supplied in the T0-99 package for 
during an additional 500 hours of operation, during which operation over the 0 to +70°C temperature range . 

ELECTRICAL SPECIFICATIONS (Typical @ +2 5°C and ±1 5VDC, unless otherwise specified ) 

Parameter 

Open Loo p Gain 
Vo= ±lOV, RL;;. 2kn 
@TA= 0°C to +70°C 

Output Characteristics 
0 0 

Voltage, RL;;, 2k!1, TA= 0 C to +70 C 
Output Current 

Frequency Response 
Unity Gain, Small Signal, Cc = 390pF 
Full Power Respo nse, Cc = 390pF 
Slew Rate, Unity Gain , Cc = 390pF 

Input Offset Voltage 
Initial Offset , Rs ,;;; 10on 
vs. Temperature, 

TA= 0°C to +70°C, Vos nulled 
TA= 0°C to +70° C, Vos unnulledt 

vs. Supply 
@TA=0°Cto+70°C 
vs. Time 

Input Offset Current 
Initial 
vs. Temp, TA= 0° C to +70°C 

Input Bias Current 
Initial 
vs. Temp, TA= 0°C to +70°C 

Input Noise 
Voltage, 0 .01 to IOHz 

IOOHz 
lkHz 

Current, I OOHz 
lkHz 

Input Voltage Range 
Differential or Common Mode, Max Safe 
Common Mode Rejection, V;n = ±IOV 

Power Supply 
Current, Quiescent 

Temperature Range 
Operating, Rated Performance 
Storage 

Price (1-24) 
(25-99) 
(100-999) 

AD508J 

250,000 min (4 x 106 typ) 
125,000 min (106 typ) 

±lOV min (±13V typ) 
lOmA min 

300kHz 
1.5kHz 

0 .12V/µsec 

±2.5mV max (±1.0mV typ) 

±3 .0µV l°C max (±0.5µVJ°C ryp) 
±lOµVl°C max (±l.5µVJ°C typ) 

±25µV/V max 
±40µV/V 

±15µ V/mo 

±5.0nA max (±2.5nA typ) 
±14pAJ°C 

25nA max (lOnA typ) 
±JOOpA/°C 

1.0µV (p-p) 
l 2n V /,/Hz(rms) 
lOnV /,/Hz(rms) 
0.3pAi,/Hz(rms) 
0.2pA/,/Hz(rms) 

±Vs 
94dB min (120dB typ) 

±4 .0mA max (±l.5mA typ) 

0°C to +70°C 
-65°C to +150°C 

$21 .20 
$16.80 
$14.00 

*Specification same as for ADSOSJ. . 
tThis parameter is not 100% tested; typically, 90% of the units meet this limit. 

AD508K 

106 min (8 x 106 typ) 
500,000 mi n (106 typ) 

±0.5mV max (±0.2mV typ) 

±0.5µVJ°C max (±0.25µ Vl° C typ) 
±2.5µ VJ°C max (±1.0µV J°C typ) 

±lOµV/V max 
±15µ V/V max 

±lOµ V/mo 

±1.0nA max (±0.5nA typ) 
±4pAl°C 

lOnA max (6nA typ) 
±40pAl°C 

llOdB min (120dB typ) 

±3.0mA max (±l.5mA typ) 

$29.80 
$24 .00 
$20.00 

AD508L 

106 min (8 x 106 typ) 
500,000 min (106 typ) 

±0.5mV max (±0.2mV ty p) 

±l.Oµ V/°C max (±0.3µVf°C typ) 
±2.5µVl°C max (±1.0µVl°C ty p ) 

±lOµ V/V max 
±15µ V/V max 
±lOµ V/mo max 

±1.0nA max (±0.5nA typ) 
±4pA/°C 

lOnA max (6nA typ) 
±40pAJ°C 

llOdB min (120dB typ) 

±3.0mA max (±l.5mA typ) 

$38.00 
$34.00 
$30.00 
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INSTRUMENTATION AMPLIFIER 
AD520 

GENERAL DESCRIPTION 
The Analog Devices' AD520 is the first instrumentation ampli
fier to be manufactured in integrated circuit form . It is a closed 
loop gain block with differential inputs and an accurately pre
dictable input-to-output gain relationship. The AD520 's per
formance is unlike that of conventional IC operational ampli
fiers because of an internal feedback design which permits 
gain adjustment from 1 to 1000 by varying the value of a single 
resistor. Further , high input impedance is achieved at both in
puts and both input impedance and CMRR remain high at all 
gain settings. 

The A D520 performs like a modular instrumentation amplifier. 
Because of its monolithic construction , however , its cost is 
significantly below that of modules, and becomes even lower 

with larger quantity requirements . The AD520 features low 
bias and offset currents, high gain linea-ity , excellent frequen
cy response, and is short circuit protec1 ed and offset voltage 
nullable. Thus it is ideally suited for all general purpose , high 
accuracy amplifier requirements . Its small size , low cost, and 
complete-on-a-chip ease of application offer the circuit de
signer an attractive alternative to both modular instrumenta
tion amplifier packages, and user-wired collections of IC op 
amps and high-precision external components . The AD520 
finds excellent application in the amplification of low level 
signals from bridge circuits , thermocouples, strain gauges, and 
other transducers. Other applications include chart recorders , 
line reviewers, and in medical electronics. For increased versa
tility, the amplifier has a remote sense terminal for current-

SPECIFICATIONS (Typical at Vs= ±15 V and TA= +25°C unless otherwise noted) 

Parameter 

Gain 
Range 
Equation 
Error from Equation Value 
Non-Linearity (%of FS max) 

Output Charact eristics 
Rated Outpu t - Voltage (min) 

Current (min) 
Impedance at G = 100 , de to lOOHz 

Frequency Response 
Small Signal Bandwidth (-3dB) 

G = 1 
G = 10 
G = 100 
G = 1000 

Full Power Response (min) 
Slew Rate (all gain settings) (min) 

Offset Voltage 
Initial Offset Voltage (Nore I ) 
Input Offset at G = 1000 (RTI) (Note 2) 
vs Temperature , 0 to +70°C (max) 
vs Temperature, -55 °C to +125 °C (max) 
vs Supply (RT!) 

Input Offset at G = I (RTI) (Note 2) 
vs Temperature, 0 to +70°C (max) 
vs Temperature, -55 °C to +125°C (max) 
vs Suppl y (RT!) 

Bias Current (either input) 
at +25 ° C (max) 
vs Temperature, 0 to +70°C 
vs Temperature, -55 °C to +125 °C 

Offset Current 
at +25 °C (max) 

Inpu t Impeda nce 
Different ia l 
Co mmon Mode 

Noise 
de to ! OHz (p-p), G = 1000 (RT I) 
! Ollz to 200 kH z (rms), G = I (RT I) 
J ll z to Skll z (rms), G = 1000 (RT I) 
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AD520J 

1 to 1000 
G = (10 5 / Rg.m)V/V 
adjustable to zero 

±0.05% (±0.02% typ) 

±lOV 
±SmA 
2n 

200kHz 
175kHz 
125kHz 
25kHz 

SOk Hz (75kHz typ) 
2.SV /µ sec (4.0V/µsec ryp) 

adj us tab le to zero 

± JOµV l° C (±SµVt°Ctyp) 

±SOµV/V 

±J .OmVl°C (±0.SmVl° C ryp) 

±400µ V/V 

±80 nA (±40nA ryp) 
±0.SnAl° C 

±40nA (± 1 On A ry p) 

Sµ V 
lm V 
2µ V 

AD5 20K 

±Sµ Vt°C(±2µV f° C ryp) 

±0.SmVl°C (±0.2SmVl°C ryp) 

:t40nA (:t20nA typ) 
±0.2 nA/°C 

±20 nA (±JOnA ryp) 

AD5 20S 

±Sµ V t°C (±2µV t° C ryp) 

±0 .SmVf° C (±0.25mV /° C ryp ) 

±O.S nAl° C 



controlled load applications . A separate output reference ter
minal is also provided so that the output can be biased inde
pendently of the gain setting. 

Both the AD520J and AD520K are supplied in a 14-lead 
hermetically-sealed dual-in-line package, and are specified for 
operation from 0 to +70°C. The AD520S , in the same package, 
is specified for -55 °C to +125 °C operation. 

SPECIFICATIONS (continued) 

Parameter 

Input Voltage Ra nge 
Differential, ma x safe 
Different ial, max linear 
Co mmo n Mode , max safe 
Commo n Mode , max linear 

Commo n Mode Rejectio n Ratio 
de to I OOH z, Rs imbalance = I H t 

G = 1 (min ) 
G = 10 (min) 
G = 100 (min ) 
G = 1000 (min) 
G = 1000, f = 1.0kHz 

Power Supply Requi rements 
Rated Suppl y Voltage (Note 3) 

Voltage, Operat ing 
Curre nt , Quiescent (max) 

Reference Terminal Character ist ics 
Rin 
Out put Offset Range 
Gain to Output 
Bias Current 

Temperat ure Range 
Rated Performance 
Operating 
Storage 

Price 
1-24 
25-99 
100-999 

NOTES : 

1. Trim terminal must be connected. 

AD5 20J 

±Vs 
±JOY 
±Vs 
±JOY 

65dB (80dB ty p) 
75dB (90dB typ) 
90dB (IOOdB typ) 
95dB (I06dB ty p) 

86dB 

±!5VDC 
±(5 to 18)VDC 

±6 .0mA (±4.0mA ty p) 

5 x 101 n 
±JOY 
±1 

500nA 

0 to +70°C 
-2 5°C to +85 °C. 
-65 °C to +150°C 

$18 .00 
$14 .40 
$12 .00 

R + 

PIN CONFIGURATION 
Top View 

R OFFSET 
GAIN INPUT INPUT V+ OUTPUT 

7 6 

8 

V-

9 10 

R SENSE R 
SCALE SCALE 

AD5 20K 

70dB (80d B ty p) 
86dB ( IOOd B t yp) 
l OOd B (I ! OdB typ) 
\ 06dB (I ! OdB ty p) 

$24 .00 
$19.20 
$16 .00 

AD520S 

-55°C to +12 5°C 
-55°C to +125 °C 

$33 .00 
$26 .50 
$22 .00 

2. Maximum drift specifications are guaranteed using a 50ppm T.C. trim potentiometer for offset nulling at each gain setting per the recommended 
null ing procedure. 

3. Sup ply voltage must always be present before applying an input signal. 

*Specifications same as AD5 20] . 

••specifi cations same as AD5 20 K. 
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HIGH SPEED OPERATIONAL AMPLIFIERS 
AD505 

The ADSOSJ, ADSOSK and ADSOSS are monolithic 
operational amplifiers that are specifically designed for 
applications requiring high slew rate and fast settling time 
to high accuracy . The AIJSOS achieves a minimum slew rate 
of l 20V /µse c, provides an adjustable unity gain bandwidth 
product of 4MH z to lOMH z, and se ttles to 0 .1 % in 800nsec. 
In addition to its superior dynamic characteristics, the ADSOS 
mainta ins high gain , maxi mum offset voltage drift of lSµVl°C, 
maximum bias currents of 25nA and high output swing. 

The circuit has a stable 6dB/octave rolloff for closed loop 
o pe"ratio n . Ir is also capable of being externally adjusted for 
up to 35dB of add itional closed loop gairr at high frequencies, 
without causing the small signal or large signal bandwidth to 
decrease, and without increasing settling times. 

The ADSOS is designed for high speed in:verting applications 
by using a feed-forward technique. It can drive cap-acitive 
loads in excess of 1 OOOpF and is short circuit protected. 

ELECTRICAL CHARACTERISTICS (Vs= ±TA= +25°C) 

Parameter 

OPEN LOOP GAIN 
RL = 2kn , Vo= ±IOV 
Over Temp Range (T min to T max > 

OUTPUT CHARACTER ISTICS 
Vo ltage @ RL = 2kn 
Over Temp Range (T min to T max > 
Current @ V 0 = ±I OV 
Short Cir cuit Current 

FREQU ENCY RESPONS E 
Unity Ga in . Small Signal 
Full Po wer Response 
Slew Rare 
Settling Time 

to 0 .1% 
ro 0 .01 % 

PUT OFFSET VOLTAG E 
Initial , Rs ,;;; lOkn. 
Avg vs Temp (T min to Tmaxl 

vs Supply (T min to Tmax> 

INPUT BIAS CURR ENT 
Initial 
Over Temp Range (T m in to T max) 

Avg vs Temp (T min to T ma·x) 

INPUT IMPEDANCE 
lJC 
Above lOHz 

INPUT NOISE 
Vo ltage , 0 .01 to I OH z( p-p ) 

0 .01 to l.OMH z( rms) 
Current , 0 .01 to lOH z(p-p ) 

POWER SUPPLY 
Rated Performance 
Operating, Derated Performance 
Current , Quiescent 

TEMPERATURE RANGE 
Rated Performance (T min to T max > 
Operating 
Storage 

PRICE 
(1 - 24) 
(25 - 99) 
(100- 999) 

AD505J 

100 ,000 min (500 ,000 ry p) 
75 ,000 min 

± IOV min (± 12V typ) 
±IOmA 
25mA 

4 · lOMH z (adjustab le ) 
2 .0MH z min (2 .5MHz ryp) 
J 20V /µsec min (l 50V /µsec ryp) 

800nsec 
2 .0µse c 

5.0mV ma.x ( l.OmV ryp) 
l5µV l° C 
I 50µV IV max ( 80µV IV ry p) 

75nA max ( I 5nA ry p) 
IOOnA max 
0 . lnA/° C 

2Mn 
2okn 

2 .5µV 
lOµV 
O. lnA 

±15V 
±(5 to 20)V 
8 .0mA max (6 .0mA ryp) 

0°C to +70°C 
- 25°C to +85 °C 
- 65°C to +150°C 

$15 .00 
$12 .00 
$10.00 

1 +125° C operation is possible with a 100° C/W heat sink. 
*Specifications same as ADSOSJ. 
**Specifications same as AD SO SK. 
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All the circuits are supp lied in the T0-100 package. The· 
ADSOSJ and ADSOSK are specified for 0°C to +70°C 
temperature range operation: the ADSOSS for operation 
from -55°C to +100°C. 

PIN CONFIGURATION 
Top View 
FEEOFORWARD 

AD505K 

200,000 min (500,000 ryp) 
150,000 min 

2.5mV max (l .OmV typ) 
15µV /° C max (8µV f° C typ) 

25nA max (15nA ry p) 
40nA max 

.. 

$18 .00 
$14.40 
$12 .00 

T0-100 

V-

AD505S 

100,000 min· 

20µV f° C .max (IOµV /°C ryp) 

80nA max 

- 55°C to +100°C (Nore 1) 
- 55°C to +100°C (Nore 1) 

$21.00 
$16 .80 
$14.00 



WIDEBAND, FAST SLEWING GENERAL PURPOSE : 

:;ENERAL DESCRIPTION 
rhe AD507 J, AD507K, and AD507S are low cost high perform
mce monolithic operational amplifiers that combine slew rates 
>f 35V /µsec and lOOMHz gain bandwidth with bias and 
>ffset currents below lOnA, and gain of 150,000 VIV. 
rhey are intended for applications where performance 
;uperior co that of the popular AD741 or ADlOlA series 
s required , and are especially well suited for use in fast 
1igh impedance comparators, integracors, wideband ampli
'iers, and in sample-and-hold circuits. The AD507 is stable 
Lt closed loop gains above ten due co its internal 6dB per 
)ctave rolloff. External compensation provides stabili ty 
:o unity gain, and permits flexibility for special frequency 
tpplications . The circuit is short circuit protected and 
)ffset voltage nullable. Both the AD507J and AD507K 

OP AMPS AD507 ! 

INVERTING 
INPUT 

INPUT 

FREQUENCY 
COMPENSATION 

T0-99 

PIN CONFIGURATION 
Top View 

~-· 
1001( !! 

OFFSET ~17\0FFSET NULL 1 \V NULL 

2Kn 

7 V• 

,,, 
(CERAMIC 

DISK ) 

"NOT REQUIRED FOR CL ~ SOpF 
" " BEST INPUT SIGNAL GROUND AVAILABLE 

are supplied in the T0-99 package for operation over the 
0 to +70°C temperature range. The AD507S is specified for 
operation from -55°C to +125°C. 

.. 
0 
Q. 
c 
" .. •• 

'PECIFICATIONS (Typical@ +25°C and ±15VDC unless otherwise noted) 

Model 

Open Loop Gain 
RL = 2kn , CL = 50pF 
Over Temp Range (T min to T max) 

Output Characteristics 
Voltage @ RL = 2kn , CL = 50pF 

Over Temp Range (T min to T max> 
Current @ V 0 = ±IOV 
Short Circuit Current 

Frequency Response 
Unity Gain , Small Signal 

@ A = I (open loop) 
@ A= 100 (closed loop) 

Full Power Response 
Slew Rate 
Settlin Time(to0 .1%) 

Input Offset Vo ltage 
Initial 
Avg vs Temp , (T min to T max > 

vs Supply, (T min to T max ) 
nput 1as urrent 

Initial 
Over Temp Range (T min to Tmaxl 

Input Offset Current 
Initial 
Over Temp Range (T min to T max ) 
Avg vs Temp (T min to T max > 

nput mpe ance 
Differential 
Common Mode 

Input Voltage Noise 
f = lOHz 
f = lOOHz 
f = lOOkHz 

Input Voltage Range 
Differential, Max Safe 
Common Mode Voltage Range 

T min to T max 
Common Mode Rejection @ ±I 5V 

T min to T max 

ower upp y 
Rated Performance 
Operating 
Current , Quiescent 

Temperature Range 
Rated Performance 
Storage 

nee 
(1-24) 
(25-99) 
(100-999) 

AD507J 

80 ,000 min (150 ,000 typ) 
70,000 min 

±IOV min (± 12V typ) 
±IOmA min (±20mA typ) 

25mA 

35MHz 
IOOMH z 

320kHz min (600kHz typ) 
±20V/µsec min (± 35V/µsec typ) 

900ns 

5 .OmV max (3 .0mV typ) 
15µV !°C 

200µV /V max 

25nA max 
40nA max 

25nA max 
40nA max 
0 .5nAl°C 

40 MS1 min oooMn typ) 
IOOOMn 

IOOnViv'Hz 
30nVi.,/Hz 
12nWy'Hz° 

±12 .0V 

±11.0V 

74dB min (IOOdB typ) 

±15V 
±(5 to 20)V 

4 .0mA max (3.0mA typ) 

0 to +70°C 
-65 °C to +I 50°C 

$9 .50 
$8.IO 
$6.95 

AD507K 

I 00 ,000 min (150 ,000 typ) 
85 ,000 min 

400kHz min (600kHz typ) 
±25V/µsec min (± 35V/µsec typ) 

3.0mV max ( l.5mV typ) 
15µV /° C max (8µV l°C ty p) 

IOOµV/V max 

I 5nA max 
25nA max 

15nA max 
25nA max 
0 .2nAl°C 

80dB min (IOOdB ty p) 

$15 .00 
$12 .00 
$10.00 

AD507S 

100 ,000 min (150 ,000 typ) 
70,000 min 

±15mA min (±22mA typ) 

400kHz min (600kHz typ) 
±20V/µsec (±35V /µsec typ\ 

4 .0mV max (0.5mV typ) 
20µV !°C max (8 µ V l°C typ) 

IOOµV / V max 

15nA max 
35nA max 

15nA max 
35 nA max 
0 .2nA/

0
l. 

80dB min (IOOdB typ) 

-55 °C to +125 °C 

$22.50 
$18 .00 
$15 .00 
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HIGH SPEED, FAST SETTLING OPERATIONAL 
AMPLIFIER AD509 

GENERAL DESCRIPTION . 

PIN CONFIGURATION 
Top View 

T0-99 

The AD509J, AD509K and AD509S are fast differential input 
operational amplifiers whose combination of low cost and ex
cellent dynamic characteristics make them well suited for 12-
bit D/A and A/D circuits, sample/hold circuits, multiplexers, 
and other applications requiring fast settling time to low error 
levels. Of particular significance are the maximum settling 
time specifications of 2.0µsec to 0 .01 % and 500nsec to 0 .1 % 
of the AD509K and AD509S. 

Other excellent specifications include unity gain small signal 
bandwidth of 20MHz, slew rate of 120V/µsec, and.±lOmA 
minimum output current at ±lOV. The AD509 is stable for 

all values of closed loop gain greater than 3 without external 
compensation, and can be stabilized with a single external 
capacitor forany value of closed-loop gain. The AD509 J 
and AD509K are specified for operation from 0 to +70°C; 
the AD509S from -55 °C to +125 °C. All models are supplied 
in the T0-99 metal can package. 

SPECIFICATION SUMMARY (Typical@ +25°C and ±15VDC,.unless otherwise specified) 

Open Loop Gain 
RL = 2kf2 

Model 

@ TA = min to max 

Output Characteristics 
Voltage@ RL = 2kn, TA= min to max 
Current@ Vo= ±lOV 
Short Circuit Current 

Frequency Response 
Unity Gain, Small Signal 
Full Power Response, Vo= ±lOV 
Slew Rate, RL = 2kn, Vo= ±lOV , CL= 50pF 
Settling Time 

to0 .1% 
to 0 .01 % 

Input Offset Voltage 
Initial 
TA= min to max 
Avg vs Temperature, TA = min to max 

vs Supply , TA = min to max 

Input Bias Current 
Initial 
TA= min to max 

Input Offset Current 
Initial 
TA= min to max, 

Input Impedance 
Differential 

Input Voltage .Range 
Differential , max safe 
Common Mode Voltage Range, 

TA= min to max 
Common Mode Rejection@ ±5V, 

TA= min to max 

Power Supply 
Rated Performance 
Operating 
Current, Quiescent 

Temperature Range 
Raced Performance 
Storage 

Price 
(l-24) 
(25-99) 
(100-999) 

*Specifications same as AD509J . 
**Specifications same as AD509K. 

AD509J 

7,500 min (15,000 typ) 
5,000 min 

±lOV min (±12V typ) 
±lOmA min (±20mA typ) 

25mA 

20MHz 
l20kHz min (l .6MHz typ) 

80V/µsec min (l20V/µsec typ) 

200nsec 
!µsec 

lOmV max (5mV typ) 
l4mV max 
20µVJ°C 

200µV/V max 

250nA max (l25nA typ) 
500nA max 

50nA max (20nA typ) 
IOOnA max 

40MU min (300MU typ) 

±!5V 

±JOY 

74dB min (90dB typ) 

±!5V 
±(5 to 20)V 

6mA max (4mA typ) 

o to +10° c 
-65°C to +150°c 

$11.50 
$10.20 
$8 .50 

AD509K 

10,000 min (15,000i:yp~ 
7,500 min 

I 50kHz min (2MHz typ) 
!OOV/µsec min (120V/µsec typ) 

500nsec max (200nsec typ) 
2µsec max (!µsec typ) 

BmV max (4mV typ) 
llmV max 

30µV J° C max (20µV J°C typ) 
!OOµV/V max 

200nA max (lOOnA typ) 
400nA max 

25nA max (lOnA typ) 
50nA max 

50Mil min (300MU typ) 

!lOdB min (90dB typ) 

$18 .75 
$15 .00 
$12.50 

AD509S 

-55° C to +12s
0

c 

$26 .00 
$22.0lj 
$19 .00 
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-llGH SPEED, LOW COST, OPERATIONAL AMPLIFIER 5 

NERAL DESCRIPTION 
: AD518J, AD518K, and AD518S are precision high speed 
nolithic operational amplifiers designed for applications 
:re high slew rate and wide bandwidth are required but low 
t and ease of use are essential. The devices are internally 
npensated for unity gain applications with a 60° phase 
:gin to insure stability, a minimum slew rate of SOY /µsec, 
, a t ypical bandwidth of 12MHz. In addition, in inverting 
1lications , external feedforward compensation may be 
led to increase the slew rate to over lOOV/µsec , and nearly 
1ble the bandwidth . If desired, settling time to 0 .1 % can be 
uced to under lµsec with a single external capacitor. 

: AD518 's de performance is consistent with its precision 
iamic characteristics. The devices feature offset voltages be
' 2mV, maximum offset drifts of lOµV!°C, and offset cur
ts below 5 OnA max. 

ADSIS • 
PIN CONFIGURATION 

BALANCE 
COMPENSAT ION 1 

Top View 
COMPENSATION 2 

V

T0-99 

OUTPUT 

BALANCE 
COMPENSATION - 3 

The high slew rate, fast settling time, ease of use , and low cost 
of the AD518 make it ideal for use with the D/A and AID con
verters, as well as active filters, sample and hold circuits, and 
as a general purpose amplifier. The ADS 18 is supplied in the 
T0-99 package. The AD518J and AD518K are specified for 
operation over the 0 to +70°C temperature range; the AD518S 
for operation from -55 °C to +125 °C. 

1S .. 
0 
a. c 
" .. •• ,.. 
a 
"' .. 
00 

LECTRICAL SPECIFICATIONS (Typical@ +25°C and ±15VDC, unless otherwise noted.) 

Parameter 

pen Loop Gain 
RL ;;. 2k , Vo; ±lOV 
@ TA ; min to max 

utput Characteristics 
Voltage @ RL; 2H2, T; min to max 
Current @ Vo; ±lOV 
Short Circuit Current 

requenc y Respo nse 
Unity Gain , Small Signal 
Slew Rate , Unity Gain 
Settling Time to 0.1 % 

(Single Capacitor Compensation) 
Phase Margin , Uncompensated at Unity 

Gain Crossover Fre uenc 
Jput Offset Vo ltage 

Initial, Rs .;;; 1okn 
TA; mi n to max 
Avg vs Temp, T min to T max 
Avg vs Supply, T min to T max 

nput Bias Current 
Initial 
TA; min to max 

nput Offset Current 
In itial 
TA ; min to max 

nput Impedance 
Differential 

nput Voltage Range 
Differential, max safe 
Common Voltage Rejection Ratio 

Power Supply 
Rated Performance 
Operating 
Current, Quiescent 

Temperature Range 
Rated Performance 
Stora e 

Price 
(1-24) 
(25-99) 
(100-999) 

*Specifications same as for AD518J. 

AD518J 

25 ,000 min (200,000 typ) 
20,000 min 

±12V min (±13V typ ) 
±lOmA min 

25mA 

12MHz typ 
50V/µsec min (70V/µsec typ) 

800nsec 

+60° 

lOmV max (4mV typ) 
15mV max 
IOµV t° C 

65dB min (80dB typ) 

500nA max (l 20nA typ) 
750nA max 

200nA max (30n~ typ) 
3.00nA max 

0 .5M.11 min (3M.I! typ) 

±Vs. Vs .;;; 15v 
70d B min (IOOdB typ) 

±15V 
±(5 to 20)V 

lOmA max (5mA typ) 

Oto+70°C 
-65 °C to +150°C 

$3.00 
$2.40 
$1.95 

AD518K 

50,000 min (200,000 typ) 
25,000 min 

lOMHz min (12MHz typ) 

4mV max (2mV ty p) 
6mV max 

IOµV !° C max (5µV l° C typ) 
70dB min (80dB ryp) 

200nA max (120nA typ) 
400nA max 

50nA max (6nA typ) 
lOOnA max 

80dB min (IOOdB typ) 

7mA max (5mA typ) 

$7.20 
$6.00 
$4.95 

AD518S 

50,000 min (200,000 typ) 
25,000 m in 

lOMHz min (12MHz typ) 

4mV max (2mV typ) 
6mV max 

lOµV !°C max (5 µV l° C typ) 
70dB min (80dB typ ) 

200nA max (120nA typ) 
400nA max 

50nA max (6nA typ) 
lOOnA max 

80dB min (IOOdB typ) 

7mA max (SmA typ) 

-5 5° c to+ 125° c 

$12 .00 
$9 .60 
$7.95 
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LOW Is, HIGH ACCURACY BIPOLAR OP AMPS 
ADIOS, ADIOSA 

GENERAL DESCRIPTION 
The AD108 and AD108A series offer a level of input isolation 
ranging between that of general purpose op amps, such as the 
AD741 or AD101A families, and the high performance FET op 
amps, such as the AD506 or ADS 16 series-. The use· of super
beta transistors in the input stage, combined with extremely 
precise processing results in guaranteed input currents nearly a 
thousand times loweF than those of the AD741. The AD108, 
AD208, and AD308 feature excellent input characteristics , 
with typical lb of less than 1.0nA, los of less than lOOpA, and 
Vos of less than 1.0mV. In addition, the devices are tightly 
specified for temperature drift operation, with a maximum volt
age drift of 15µVt°C for the AD108 and AD208 , and 30µVt°C 

PIN CONFIGURATION 
Top View 

NON-INVERTING INPUT 

T0-99 v-

for the AD308. The "A" series offer several improved speci
fications, including maximum Vos of 0.5mV, minimum gain 
of 80 ,000, maximum voltage drift of 5 .0µVt°C, and minimum 
CMRR of 96dB . The capabilit-y of both series to operate with 
supply voltages as low as ±2V, and their extremely low power 
consumption, make them ideal for battery-powered applica
tions. Frequency compensation is accomplished externally, in 
most cases with a single capacitor. 

All the amplifiers are supplied in the T0-99 metal can package ; 
the AD108 and AD108A are specified for operation from -55 °C 
to +125 °C, the AD208 and AD208A from -25 °C to +85° C, 
and the AD308 and AD308A from 0 to +70°C. 

SPECIFICATION SUMMARY (Typical @ +25 °C and ±l SVDC power supply unless otherwise noted .) 

Model AD108 AD208 AD308 AD108A AD208A AD308A 

Open Loop Gain 
DC Rated, Load, VN Min 50 ,000 50,000 25,000 50,000 50,000 25,000 

Rated Output, Min , RL ;;;> 10ki1 ±13V 

Frequency Respo nse 
Unity Gain, Small Signal (Variable 
With External Compensation) 0 .3. to 3 .OMHz 
Slewing Rate (Variable as Above) 0.3 to 1.3V/µsec 

Input Offset Voltage 
Initial , +25°C, min 2.0mV 2 .0mV 7.5mV 0.5mV 0 .5mV 0 .5mV 
Avg. vs . Temp, max 15µV !° C 15µV /° C 30µV!° C 5.0µV !° C 5.0µV J°C 5.0µV f°C 

Sueeiy , min, TA min to max SOdB 80dB 80dB 96dB 96dB 96dB 

Input Bias Currenfl 
Initial , +25°C, max 2.0nA 2.0riA 7 .0nA 2.0nA 2.0nA 7.0nA 

lnput Difference Current 
Initial, +25°C, max 0 .2nA 0 .2nA 1.0nA O.ZnA 0 .2nA l .OnA 
Avg. vs. Temp, max 2.5pAf° C 2.5pAf° C lOpAf° C 2.5pAf° C 2.5pA/°C 10pA/°C 

Input Voltage Range 
Common Mode Voltage, min ±14V 
Common Mode Rejection, min 85dB 85dB 80dB 96dB 96dB 96dB 
Differential Input Current (Note 1) ±lOmA 

Power Supply Range (VDC) ±(2 to 20)V ±(2 to 20)V ±(2 to 15 )V ±(2 to 20)V ±(2 to 20)V ±(2 to 15 )V 
Rated Specification (VDC) ±(5 to 20)V ±(5 to 20)V ±(5 to 15 )V ±(5 to 20)V ±(5 to 20)V ±(5 to 15)V 
Quiescent Current , max 0 .6mA 0.6mA 0 .3mA typ 0.6mA 0.6mA 0 .3mA typ 

Temperacure Range 
-55 °C to +125 °C -25 °C to +85 °C 0 to +70°C -5 5°C to +125 °C -2 5°C to +85°C 0 to +70°C Operating , Rated Specification 

Storage -65 °C to +150°C 

Price 
(1-24) $18 .75 $10.50 $3 .00 $26.50 $21.00 $10.50 
(25-99) $15 .00 $8 .50 $2 .35 $21.00 $16 .75 $8 .40 
(100-999) $12 .50 $7 .00 $1.95 $17.50 $14 .00 $7 .00 

Note 1. Current must be limited to ± lOmA. Inputs have shunt-diode protection . 
•specifications sunc as for AD108 . 
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LOW INPUT CURRENT 709, 741 REPLACEMENTS 
ADSOI, AD502 

AD801 

NOTE PIN 4 CONNECTED TO CAS.£ 

PIN CONFIGURATIONS 
Top View 

AD502 
NC 

T0-99 

GENERAL DESCRIPTION 
The AD801 and AD502 are low input current replacements for 
the popular 709 and 741 operational amplifiers. Levels of lb 
below 4nA and los below 1 nA are achieved by utilizing a Dar
lington input modification of the basic 709 and 741 designs, 
with no significant change in other operating parameters. Thus 
the user is afforded the opportunity of upgrading performance 
in his 709 and 741 sockets without resorting to a new amplifi
er design . The AD801 offers the 709 's flexibility of external 
compensation ; the AD502, like the 741, is internally com
pensated. Both devices are supplied in the T0-99 metal 
can package . 

SPECIFICATION SUMMARY (Typical @ TA = +25 °C and Vs = ±! 5V unless otherwise noted) 

A 

Open Loop Gain 

RL ;;;.2kS1, E0 = ±!OV, min 15,000 

Rated Output Voltage 
Rt. ;;;.2kS1, min ±IOV 

Frequency Respo nse 
Unity Gain, Small Signal SOOkl-lz (note I) 
Full Power Response 200kl-lz (note 2) 
Slew Rate I OV /µsec (note 2) 

Input Off; et Voltage 
@ +25 C max ±5mV 
Over Temp Range (T1 to Th) , max ±7.4mV 
Avg. vs Temp (T1 to +25 °C to Th), max ±40µV l° C 

vs Supply Voltage , max ±200µVIV 

Input Bias Current 
@ +25 ° C, max 4nA 
Over Temp Range (T1 to Th), max llnA 

Input Difference Current 
@ +2 5°C, max ±2 nA 
Over Temp Range (T1 to Th), max ±Sn A 

Input I mpcdance 
Differentia l, min 2SMS1 
Common Mode SOOMS1 

Input Vo ltage NoiseT 
0 .01 to !Oll z, p-p IOOµV 
JOH z to 5kHz, rms 6µV 

Input Voltage Range 
Common Mode Voltage , Min ±8 \' 
Common Mode Rejection, Min 65dB 
1'vlax Safe Differential Voltage ±IOV 

Power Supply 
Vol tage , Rated Specification ±( 15 to 16 )V 
Voltage , Dcrated Spec ification ±( 5 to 18 )V 
Current , Quiescent , max ±6mA 

Temperature Range 
T1 = -25 °C, Operating , Rated Specifications 

Th= +85 °C 
Opera ting , Derated Specifications -55 °C to +125 °C 
Storage -65 °C to +150°C 

Mechanical 
Case Style - Pin Configuration T0-99 

Price 
1-24 $14 .00 
25-99 $12 .00 
I 00-999 $9.75 

NO rES o 

I C1 = 5000pF, RI = l.Sk n , Cz = 200pF (Ac L = ! ) . 

2. c l = !OpF, RI =on. Cz = JpF (Ac L = 1000) . 

•specifications same as for AD801A. 
••specifications same as for AD502J. 

ADSOI 

B 

. 

. 

. . . 

. 
±S.6mV 

±JOµV l° C . 
. . 

±JnA 
±2nA 

. . 

. . 

. . . 

. . . 
T1 = -25 °C, 

Th= +85 ° C . . 
. 

$19.00 
$16.00 
$13.00 

AD502 

s J K L 

. 20,000 .. .. 

. ±JOV .. .. 

. !MHz .. . . . I Ok Hz .. .. . 0 .5V lµsec .. . . 

. ±6mV ±SmV ±Sm\/ 
±7.0mV ±7.SmV ±6mV ±6mV 

±20µV l° C ±40µV l° C ±20µVl° C ±JOµV ;° C . ±ISOµV /V .. .. 
. 25nA 7nA 4nA 

16nA SUnA 15nA !On.A 

±2nA ±J2nA ±4nA ±JnA 
±5nA ±24nA ±Sn A ±2nA 

. 25MS1 . . .. . SOOMS1 .. .. 

. IOOµV .. .. . 6µV .. .. 

. ± IOV .. . . . 7UdB .. . . . ±Vs .. .. 

. ±(15tol6 )V .. .. . ±(5 to 18)V .. . . . ±2 .SmA .. .. 
T1 = -55 °C. T1=0 , .. .. 

Th= +125°C Tji = +70°C 
0 

. . .. . -55 c to +125 c . . .. . -65 °C to +150°C .. .. 
. T0-99 .. .. 

$2 3 .00 $4 .50 $9.00 $19 .00 
$19 .00 $3 .60 $7.20 $15 .00 
$15.00 $3 .00 $6 .00 $12.50 
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HIGH OUTPUT CURRENT OPERATIONAL 
AMPLIFIERS AD512 

GENERAL DESCRIPTION 
The AD512K and AD512S are monolithic operational ampli
fiers specifically designed for high output current capability. 
High efficiency output transistors, thermally balanced, chip de
sign and precise short circuit current control insure against gain 
degradation at high current levels and temperature extremes. 
The AD512K specities a minimum gain of 20 ,000·swinging 

PIN CONFIGURATION 
Top View 

NC 

v
TOP VIEW 

T0-99 

±12 volts into a lkil load from 0 to +70°C; the AD512S 
specifies a minimum gain of 15 ,000 swinging ±10 volts mto a 
lkil load from -55°C to +125 °C. In addition , the devices offer 
excellent input characteristics and common mode and power 
supply rejection ratios, and are internally compensated. Both 
are available in the T0-99 package; the AD512K for 0 to +70°C 
temperat~re range o~eration , and the AD512S for operation 
from -55 C to +125 C. 

OFFSET NULL OFFSET NULL 
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ELECTRICAL SPECIFI.6ATIONS (Typical @ +25 °C and ±lSVDC, unless 
otherwise noted.) 

Model 

Open Loop Gain 
Vos= ±IOV, R1. ;;:. tkn 
(a) TA = min lO max 

Output Characteristics 
Voltage @l RL # I kD. TA = min to max 
Short Ci rcuit Current 

Freq uency Response 
Uni ty Gain , Small Si~nal 

Full Power Response 
Slew Rate , Unity Gai n 

Input Offset Voltage 
In itial , Rs .:;; IOkS1 (Adj ustable to Zero) 

Tmin lO Tma.x 
Avg vs Tempera turt· (U ntrimmed) 

vs Supply. TA = min· to max 

Input Offset Current 
In itia l 

Tmin t o Tm a..x 

Input Bias Current 
In itia l 

Tmin to T max 

In put Impedance 
Differential 

In put Voltage Range (Note I ) 

Differential. Max Safr 
Common Mode , Max Sa fr 
Common Mode Rejection 

Rs ,,:;; IOkS1 , T min to Tm.,,. 
V1N= ± l2V 

Power Suppl y 
Rated Performance 
Operating 
Current , Quiescent 

Temperature Rangt.: 
Operating , Rated Performance 
Storage 

Price 
(1-24) 

(25-99) 
( 100-999) 

AD512K 

50,000 min (200 ,000 typ) 
25 ,000 min 

± IO\/ min (±13\/ typ) 
25mA 

!Mii z 
I Ok ll z 

0 .5 V /µsec 

3m\I ma x ( I mV typ) 
Sm\/ max 

20µ\I /' C: max 
100µ\//\I max (30µ\/ /V ty p ) 

SOni\ max (SnA typ) 

AD512S 

25µV l° C: max 

I OOnA max I SOnA max 

200nA max (-tOnA typ) 200ni\ max (-tOnA typ) 
-tOOnA ma x 600nA max 

± 30\/ 
i 15 \I 

80dB min (90d ll typ) 

± I 5 \I 
~ (5 to 18)\/ 

3.3 mA max (2 .0mA typ) 

ow+7o" c 
-6 s"c to+ 1 s1i"c 

$6 .00 
H .80 
H .00 

±(5 to 22)V 

-ss " c 10 +12s " c 

$9 .00 
$7 .20 
$6.00 

Note 1 : For supply voltages less than ± lSV, the absolute maximum input voltage is 
equal to the supply voltage. 

•same specifications as AD512K. 



LOW COST, GENERAL PURPOSE OP AMPS 
AD741·, ADIOIA 

GENERAi!. DES£RIPTION 
The AD741 and ADlOlkamplifier.series are Analog Devices' 
versions of the two most popular IC op amps.-'Fhey- are de
signed for general purpose use whae medium.performance is 
acceptable and economy. is mandatory. Both offer f ull short 
circuit protection, external offset voltage nulling, high common 
mode range, and the absence of.latch-up. The AD741 and 
AD741C emphasize 'Simplicity of use, requiring no external 
compensation. The AD! OlA, AD201A and AD301A provide 
somewhat higher DC accuracy and require external. compen
sation, thus affor:ding the user the opportunity to fit the 
amplifier's dynamic characteristics to its specific application .. 
The AI174 t iS' available in the. T0-99 metal can package for 
operation ·iirom -55°C to +125°C; the AD741C is packaged in 
both the T0-99 and plastic mini-DIP DIL and operates from 
0 to + 70° C. The .ADlOlA is specified in both the T0-99 and 
ceramic £lat.packages from -55°C to +125° G: ; the AD201A is 
available in the T0-99, mini-DIP and flat packages for -25 °C 
to +85 a.C and 0 to +70°C operation ; and the AD301A is 
packaged in the T0-99 and mini-DIP, and operates from 
0 to +70°C. 

T0-99 

NC 

v-

T0-99 

PIN CONFIGURATIONS 
Top View 

AD101A 

5 BALANCE 

BALANCE COMPENSATION~B COMPENSATION 

INVER TING INPUT 2 - 7 V• 

NON INVERTING INPUT 3 + 6 OUTPUT 

V- 4 5 BALANCE 

mini-DIP 

AD74l 

OFFSETNULL~B NC 

INVERTING INPUT 2 - 7 V• 

NON INVERTING INPUT 3 + 6 OUTPUT 

V- 4 5 OFFSET NULL 

mini-DIP 

SPECIFICATI0NS (Typical@ +25°C and :!:1 5VDC power supply unless otherwise noted .)' 

Modd 

Open Loop Gain 
DC Ratedi..oad, VIV Min 

Raced Output, Mi n, RL ;;;. 2kr! 
Frequency Response 

Unity Gai n, Small Signal· 
Slewing Rate 

Input Offset Voltage 
Initial, +25°C (Adj . to Zero) Min 
Avg vs Temperature, Max 

vs Supply Voltage 

Inpu t Bias Current 
Initial , +25° C, Max 

Input Difference Current 
In itial, +25 °C, Max 
Avg vs Temperature, Max 

Input Impedance 
Differential 

Input Voltage Range 
Common Mode Voltage, Min 
Common Mode Rejecrion , Min 
Differential Volta e 

Power Supply Range (VDC) 
Raced Specification (VDC) 
Quiescent Current', Max 

Temperature Range 
Operating, Rated Specification. 

Package Oudine 

Price2 

(1-24) 
(25-99)
(100-999) 

AD741 

50,000 

±JOV 

l.OM Hz 
0 .5V/µs 

5.0mV 

30µVIV 

500nA 

200nA 

2.0M!1 

±12V 
70d8 
±30V 

±{5 to 22)V 
±J5V 

2.8mA 

-55°C to +125°C 

T0-99 

$3.00 
$2.40 
$2 .00 

1o to +70° C in mini-DIP package. 
2 T0 -99 package, and mini-DIP package (where listed). 

*Same specifications as AD741 ; 

AD741 C 

20,000 

6.0mV 

±{5 to 18)V 

0 to +70°C 

T0-99 , mini-DIP 

$1.50 
$1.20 
$1.00 

A DIOIA 

50,000 

1.0 to 8.0MHz 
0.5 to ! OV /µ s 

2.0mV 
15µ V !° C 

96dB 

75nA 

!OnA 
0 .2nAl° C 

4.0Mr! 

80d8 

±(5 to 22)V 

3.0mA 

-55 °C to +125 °C 

T0-99, flat pack. 

$4 .50 
$3 .60 
$3.00 

AD201A 

50,000 

1.0 to 8 .OM Hz 
0 .5 to IOV/µ s 

2.0mV 
15µV !° C 

96dB 

75nA 

!OnA 
0.2nAl°C 

4 .0Mr! 

80d8 

±(5 to 22)V 

3.0mA 

-2 5°C t o +85 °C 1 

T0-99 , flat pack, 
m1n1-

$4.10 
$3 .30 
$2 .75 

AD301A 

25 ,000 

1.0 to 8.0MHz 
0 .5 to LOV /µ s 

7.5mV 
30µ V!°C 

96dB· 

250nA 

50nA 
0 .6nAl°C 

2.0Mr! 

70dB 

±(5 to 18)V 

3.0mA 

Oto+70°C 

T0-99, mini-DIP 

$1 .50 
$1.20 
$1.00 
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MULTIPLIER/DIVIDER COMPUTATION CIRCUITS 
AD530, AD531, AD532 

GENERAL DESCRIPTION 
Models ADS 30, ADS 31, and ADS 32 utilize the Gilbert lin
earized transconductance technique to perform the basic 
functions of multiplying, dividing , squaring and square rooting. 
In addition to being most useful operations in themselves, 
these functions are excellently applied in circuitry for modula
tion and demodulation , frequency discrimination, phase de
tection, automatic gain control, vector computation, function 
generation, and true RMS-to-DC conversion. 

Each multiplier offers the user specific choices in the areas of 
performance, flexibility, ease of use , and cost, and should be 
carefully evaluated to ascertain which is best suited for the 
particular application. Certain performance features are com
mon to all models, and are described here . The differences are 
covered in the individual product descriptions . 

Since all the multipliers operate over four quadrants , there are 
no restrictions as to signal polarity. The guaranteed maximum 
error specifications include the contributions from all sources 
... feedthrough, offset , scale factor, and nonlinearity ... in 
the four quadrants . Further, in addition to the transconductance 
element, the design of the three models incorporates a stable 
reference and output amplifier on the monolithic chip. The 
ADS 30 and ADS 32 are available in the hermetically-sealed 
T0-100 metal can and T0-116 ceramic OIL packages, the 
ADS 31 only in the DIL package, and are specified for opera
tion over the 0 to +70°C and -SS°C to +12S°C tempe~ature 
ranges. 

ADS30: Vx · Vy/10; 2%, 1%, O.S% MAX ERRORS 
The low-priced ADS 30 multiplies in four quadrants with a 
transfer function of XY/10, divides in two quadrants with a 
lOZ/X transfer function, and square roots in one quadrant with 
a transfer function of -v'IOZ. Due to its design completeness, 
which includes the output amplifier, frequency compensation, 
level shifting, and scaling on the chip, the ADS 30's complement 
of external components is confined to feedthrough, output 
zero and gain adjusting trim pots . 

The ADS30J, ADS30K, and ADS30L operate from 0 to +70°C 
and are specified for maximum full scale multiplying errors of 
±2%, ±1 %, and ±O.S%, respectively, at +2S°C. The ADS 30S, de
signed for wide temperature range military and aerospace require
ments, is guaranteed for a maximum multiplying error of ±1 %, at 
+2S°C, and is 100% temperature tested to insure less than ±3% 
error from -S S°C to +12S°C . The high accuracy ADS 30L is also 
100% tested to guarantee a maximum error of ±1.S % from 0 
to +70°C. These low maximum errors over temperature are in
dicative of the excellent temperature stability of the ADS 30; 
performance that is unmatched by any IC multipliers except 
those supplied by Analog Devices. 

ADS31: Vx · VylVz; 2%, 1%, O.S% MAX ERRORS 
The ADS 31 is the first monolithic multiplier/computation cir
cuit to provide the true transfer function V x · Vylkiz without 
the need for an external level shifting op amp at the output. 
Significant flexibility of operation is achieved by means of the 
variable scale factor kiz, which can be set by an external resis
tor or varied dynamically by an externally derived reference 
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current to obtain the overall transfer function V x · Vy!V z· 
This provision for the direct computation of three variables 
greatly simplifies the design of such complex circuits as the 
true RMS-to-DC converter, AGC, vector computation, and 
absolute value. Further, multipliers less flexible than the ADS 31 
must put the multiplying element in the feedback of an op amp 
to obtain division, often with significant sacrifice in accuracy 
and bandwidth . 
The unique features of the ADS 31 include a differential V x in
put with 7SdB of CMR, an internally derived stable reference 
for use in fixed scale applications, and a sense feedback ter
minal for simple load sensing or special applications. ,The cir
cuit's complement of required external components is limited 
to feedthrough and output zero adjusting trim pots, and pas
sive or active adjustment of the scaling current Iz . 

The ADS31J, ADS31K, and ADS31L operate from 0 to +70°C 
and have maximum multiplying errorsof±2%, ±1 %, and ±O.S% of 
full scale respectively, at + 2 S ° C. The ADS 31 Lis also guaranteed 
to have less than ±l.S % error from 0 to +70°C. The ADS 31S is 
guaranteed for a maximum error of ±1 % at +2S°C, and is also 100% 
tested to guarantee a maximum error of ±3% from -SS °C 
to +12S °C. 

ADS32: (Vx 1 - Vx2) (VYl - Vy 2)/10; 2%, 1%; INTERNALLY 
TRIMMED 
The ADS 32 is the first totally self-contained monolithic 
multiplier/divider. Because it needs no external components 
for accuracy trimming or output level shifting, the ADS 32 
provides design engineers who require analog multiplication 
[(Vx 1 -Vx2) (Vy 1 -Vy 2)/10 in four quadrants] , division 

[10Z/(X1 - X2) in two quadrants], square rooting (±VlOZ in 

one quadrant), and squaring, with the best in-board combination 
of low cost, small size, and simplicity of use. It can be inserted 
directly into the circuit board - much as an internally compen
sated IC op amp - thus saving the user the time and expense of 
providing external trimming resistors and of performing the re
latively sophisticated adjustment procedure. 

In addition to the benefits of internal trimming, the ADS 32 , 
which can be used in the same socket as the ADS 30 by omitting 
the external trim connections, offers significant versatility in 
new applications by providing differential X and Y inputs (typ
ical 7SdB CMR), and an output null terminal which permits 
an independent setting of the output offset. 

The ADS32J and ADS32K operate from 0 to +70°C and have 
maximum multiplying errors of ±2% and ±1 % of full scale at 
+2S °C. The ADS 32S is guaranteed for a maximum error of ±1 % 
at +2S °C, and is 100% temperature tested to guarantee a maxi
mum error of ±4% from -SS°C to +12S°C. 

MIL-STD-883 
All wide temperature range versions of the IC multipli<;rs are 
available as standard products with processing to MIL-STD-88 3, 
Method S004, Class B. Type numbers are ADS 30S/883, 
ADS31S/883, ADS32S/883 . 



AD530 SPECIFICATIONS (Typical @ +25 °C, externally 
trimmed and ±15VDC, unless otherwise specified.) 

PARAMETER AD530J (530K)(530L)(530S) 

MULTIPLIER SPECIFICATIONS 
Transfer Function Vxin · VYin/10 volts 
Total Error(% FS @ +25 °C) 2 .0%(1.0%)(0.5%)(1.0%) max 

(TA= min to max) 2.5%(1.5%)(1.5 % max)(3.0% max) 
vs. Temperature 
(TA= min to max) 

Nonlinearity 
X input 
Y input 

Feedthrough 
X input 
Y input 

DIVIDER SPECIFICATIONS• 
Transfer Function 
Total Error (% FS) 

SQUARER SPECIFICATIONS 

0 .04(0.03)(0 .01 )(0.02 max}%/°C 

0 .8%(0.5%)(0.3%)(0.5%) 
0 .3%(0.2%)(0.2%)(0.2%) 

150(80)(40)(80)mV max 
100(60)(30}(60)mV max 

10 · VzinNXin volts• 
1.0%(0. 5%)(0 .2%)(0.5%) 

Transfer Function Vxin 2 /10 
Total Error (% FS) 0 .8%(0.4%)(0.2%)(0.4%) 

SQUARE ROOTER SPECIFICATIONS 
Transfer Function - v'lOVzin • 
Total Error(% FS) 0 .8%(0 .4%)(0.2%)(0.4%r 

INPUT SPECIFICATIONS 
Input Resistance 

X input 
Y input 
Z input• 

Input Bias Current 

IOMD. 
6MD. 
36H1 

X, Y inputs 3.0(4.0 max)(2 .0 max)(4 .0 max)µA 
Z input• 10(15 max)(I5 max)(I5 max)µA 

Input Voltage (for rated accuracy) 
Vx , Vy,Vz 
(TA = min w max) ±lOV 

Null Input Voltage (required to trim) 
Vx0 , Vy0 • Vzo ±15(±10}(±10)(±10)V max 

DYNAMIC SPECIFICATIONS. 
Small Signal , Unity Gain 
Full Power Bandwidth 
Slew.. Rate 
Small Signal Amplitude. 

Error 
Small Signal 1,% Vector 

Error 
Settling Time 
Overload Recovery 

l .OMHz 
750kHz 
45V/µsec 

1% at 75kHz 

5kHz 
lµsec to 2% 
2µsec to 2% 

OUTPlJf AMPLIFIER SPECIFICATIONS 
Output Voltage Swing 

(TA = min to max) 
Output Offset Voltage 

vs . Temperature 

±lOV min @ 5mA 

0.7(0.7)(1.0 max)(2 .0 max)mV/° C 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated ±15V 
Operating ±15 to 18(10 to 18)(10 to 18) 

(IO to 22)V 
Supply Current , quiescent ±6mA max 
Power Supply Variation 
(includes effects of recommended null pots) 

Mu ltiplier Accuracy ±0.5%/ % 
Output Offset ±IOmV/% 
Scale Factor ±0 .1%/% 
Feed through ±lOmV /% 

PRICE (1 - 24 ) $22.50($33 .50)($45 .00)($51.00) 

*With Z (feedback) terminal used· as an input terminal. 

CIRCUIT FUNCTIONS 

MULTIPLIER 
+15V -15V 

20k 

x 
( ! 10 v la----+---< 

y 
(!10V I 

DIVIDER 

SQUARER 

= 

+15V 20k 

5k 
GAIN 

+15V 
20k 

xo--.--+-~-i 

!!1ov 1 

5k 

GAIN 

7.5k 

SQUARE 
ROOTER 

+15V 
20k 

Xo 

20k 

20k 

-15V 

-15V 

= 

- 15V 

20k 

zo - Vs 
Z<>-----+~-----JV\tv-~ 

(0 T0+10V ) 

5k 

GAIN 1 

7.5k1 

AD530 

Vo•~ 
>---<t--t>---0 10 

(!10V) 

x2 
>---<t--to---oV 0 : lo 

(0 TO +10V) 

Yo 

OUT Vo: - {WZ 
>---t-1<1-<1>-<> ( 0 TO - 10 V) 

PIN CONFIGURATIONS 

H SUFFIX Top View 
T0-116 D SUFFIX 

v, 

.v, T0-100 
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ADS31 SPECIFICATIONS (Typical@ +25°C, externally 
trimmed and ±15VDC, unless otherwise specified.) 

PARAMETER AD531J (531K)(531L)(531S) 

PERFORMANCE SPECIFICATIONS 
Transfer Function 
Total Error (% FS, kiz = IOV) 

TA=25°C 
TA= min to max 

Terminal Limits 
Input Voltage 
Reference Current · 

Nonlinearity 
X input 
Y input 
Z input (0 .1 <Jdz < lOV ) 

Feed through 
X input 
Y input 
Z input (1 ~!d z ~IOV) 

INPUT SPECIFICATIONS 
X terminal 

Differential Input 
Resistance 

Common Mode 
Input Resistance 

Input Bias Current 
Common Mode 

Voltage Range 
CMRR 

Y terminal 
Input Resistance 
Input Bias Current 

Z terminal 
Reference Current 
(for klz = lOV) 

Sense Terminal 
Input Resistance 
Input Bias Current 

Null Input Voltages 

Vyo • Vos 
Vxo 

DYNAMIC SPECIFICATIONS 
Small Signal, Unity Gain 
Full Power Bandwidth 
Slew Rate 
Small Signal Amplitude 

Error 
Small Signal 1 % Vector 

Error 
Settling Time 
Overload Recovery 

Vx · Vylklz 

2.0%(1.0%)(0.5%)(1.0%) max 
2.5%(1.5%)(1.5% max)(3 .0% max) 

- lOV ~ Vx ·Vy~ +lOV 
0 < klz ~ +lOV , V xlkiz < 2.5 

0 .8(0.5 )(0. 3 )(0 .5)% 
0. 3 (0.2 )(0.2 )(0 .2 )% 
0 .5(0.5 )(0.5 )(0.5 )% 

150(80)(40)(80)mV max 
100(60)(30)(60)mV max 
50(50)(50)(50)mV typ 

lOM.11 

80M.11 
8µA max 

±IOV min 
60dB 

6M.11 
8µA max 

+320µA ~ lz ,.:; +490µA 

36k.11 
15µA max 

±1 5 (±lO)(± lO)(±lO)V max 
+10V<Vx0 <+1 5V 

1.0MHz 
750kHz 
45V/µsec 

1% at 75kHz 

5kHz 
lµsec to 2% 
2µsec to 2% 

OUTPUT AMPLI F IER SPECIFICATIONS 
Output Voltage Swing 

(TA = min to max) 
Output Offset Voltage 

vs . Temperature 

±IOV min@ 5mA 

0.7(0 .7)(1.0 max)(2 .0 max)mVl°C 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated 
Operating 

±15V 
±15 to 18)(10 to 18)(10 to 18) 

(10 to 22)V 
Supply Current, quiescent ±6mA max 
Power Supply Variation 
(includes effects of recommended null pots) 

Multiplier Accuracy ±0 .5%/% 
Output Offset ±lOmV/% 
Scale Factor ±0 .1 %/% 
Feedthrough ±lOmV/% 

PRICE (1 - 24) $30 .00($45 .00)($54 .00)($60 .00) 
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CIRCUIT FUNCTIONS 

MULTIPLIER. DIVIDER 
(DYNAMIC SCALE FACTOR CONNECTION) 

• 15V 

Vy o-------t 
Vx 0---------,-,"'-1 

15V 

Zo 2 2M 
20k >---.JV>.~ .. 

20k 43k 15V 

20k 

20k 

27k 
-15V 

MULTIPLIER, SQUARER 
0

(FIXED SCALE FACTOR CONNECTION) 

Vx 

Vy 

-Vs 

20k 42k 

14 9 

AD53 1 OUTPUT 

Y1N 

=,,t 

TRUE RMS-TO-DC CONVERTER 

f- 15 · 15 

20k 42k 

20k 

20k 

Vour "~ 
100pF 

27k 

PIN CONFIGURATION 
Top View 

• X1N REF -Vs OUT SENSF 

OUTPUT 

xv 
klZ 

160k 

Vou1 

D SUFFIX 



AD532 SPECIFICATIONS (Typical@ +25 °C and ±lSVDC, 
unless otherwise specified.) 

PARAMETER 

MULTIPLIER SPECIFICATIONS 
Transfer Function 

Total Error(% FS@ +25°C) 
(TA = min to max) 
vs. Temperature 
(TA = min to max) 

Nonlinearity 
X input 
Y input 

Feed through 
X input 
Y input 

DIVIDER SPECIFICATIONS* 
Transfer Function 

Total Error(% FS) 

SQUARER SPECIFICATIONS 
Transfer Function 

AD532J (ADS32K)(AD532S) 

(VXJ -Vx2HVy1 -Vyz)llOV 

2.0%(1.0%)(1.0%) max 
2.5%(1.5%)(4.0% max) 

0.04(0 .03)(0.02 max)%J°C 

0 .8%(0 .5%)(0.5%) 
0 .3%(0.2%)(0.2%) 

150(80)(80)mV max 
100(60)(60)mV max 

lOZ/(X1 - X2) 

2.0%(1 %)(1 %} 

±X2 /10 

Total Error(% FS) 0 .8%(0.4%)(0.4%) 
SQUARE ROOTER SPECIFICATIONS 

Transfer Function -V lOV zin • 

Total Error(% FS) 0.8%(0.4%)(0.4%) 

INPUT SPECIFICATIONS 
CMRR Xin , Yin= ±lOV 
Input Resistance 

X input 
Y input 
Z input• 

Input Bias Current 
X, Y inputs 
Z input• 

Input Voltage (for rated accuracy) 
Vx, Vy,Vz 
(TA = min to max). 

40(60)(60)dB min 

10Mi1 
10Mi1 
36ki1 

3.0(4 .0 max)(4 .0 max)µA 
10(15 max)(lS max)µA 

±lOV 
Null Input Voltage (required to trim) 

Vos ±lSV max 
DYNAMIC SPECIFICATIONS 

Small· Sigml'l, Unity. Gain 
Full Power Bandwidth 

1.0MHz 
750kHz 

Slew Race 45 V /µsec . 
Small Signal Amplitude Error 1 % at 7 SkHz 
Small Signal 1 % Vector Error SkHz. 
Settling Time lµsec to 2% 
Overload Recovery 2µsec to 2% 

OUTPUT AMPLIFIER SPECIF ICATIONS 
Output Voltage Swing 

(TA = min to max) 
Output Offset Voltage-'• 

vs T em peracu re . 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Raced 
Operating 

Supply Current, Quiescent 
Power Supply Variation 

Multiplier Accuracy 
Output Offset 
Scale Factor 
Feedthrough 

PRICE 
(1-24) 

±lOV min @ SmA 
±S0(±20)(±20)"mV max 
0.7(0 .7)(2.0 max)mVJ°C 

±lSV 
±ts to 18(10 to 18)(10 ·to 22)V 
±6mAmax 

±O.S(±0.5 max)(±0.5 max)%/% 
±10(±10 max}(±lO max)mV/% 
±0.1(±0.1 }(±0.1 )%/% 
±10(±10 max}(±lO max)mV/% 

$26 .00( $36 .00)( $49 .00) 

•with Z (feedback) terminal used as an input terminal·. 
• *Trimmable to zero . 

CIRCUIT FUNCTIONS 

MULTIPLY 

X 1 o---~• X1N ZIN 

X2 - XIN 

AD532 OUT">-- ----41..._-0 
VOUl y 1 0-----< + y IN 

y2 L--Y~l~N ______ J 

DIFFERENCE OF SQUARES 

+X1N 

~--+---__, - X IN 

'-------< + YIN 

0----'"""+- 1 ~----< - y IN 

AD532 

---------~ 

X1 0-------t +X IN 

X2 -XIN 

~---t +YIN 

-YIN 

x2 _ y2 
VOUT = --:1;;;;0- -

DIVIDE 

AD532 

OUT >----<1>----<..> 
Vou1 

OUT.>-----~ 

PIN CONFIGURATIONS 

H SUFFIX 
Top View 

D SUFFIX 

T0-116 
• X1111 NC NC NC. Vs OUT Z1111 

-Vs 

T0-100 

NC x,N GND Vos 
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SWITCHES AND RESISTOR 
NETWORKS FOR A/D AND D /A CONVERTERS 
ADSSO, ADSSI, AD552, AD SSS, ADSSO, ADS52, ADS53, ADSSS 
GENERAL DESCRIPTION 
The converter components discussed in this section were de
signed to form the heart of current and voltage switched DIA 
and AID converters. 

CURRENT STEERING CONVERTERS 
The ADS SO and ADS S 1 are quad current switches that can be 
provided in matched sets to build 4, 8 and 12-bit converters. 
The ADSS2 is a quint current switch for building S and 10-bit 
converters. They consist of four (ADS SO , ADSSl) or five 
(ADS S 2) logic-operated current ·steering switches with a refer
ence transistor on a single monolithic chip. Further, the switch 
emitter areas are geometrically proportioned to achieve con
stant current density and thus attain virtually perfect V BE 
matching and tracking between switches. The reference transis
tor is provided to compensate the external voltage reference, 
which powers the binary current determining resistor ladder net
work (e.g., ADSSO) for VBE· 

The basic operation of the current steering switch is shown in 
Figure 1 using the ADSSl. For a nominal full scale output cur
rent of 2.0mA (less one LSB), a stable reference zener and pre
cision resistor are used to establish a reference current of 
118mA (LSB weight) into the reference transistor Q1 . The op 
amp then adjusts the common base rail so that the individual 
bit currents will assume their correct values, as shown. These 
bit currents are then steered into the load or the -SV supply 
according to the logic level at each input. A complete 12-bir 
converter is shown on the page describing the ADS SO, 
ADSSl and ADSS2 . 

VOLTAGE SWITCHING CONVERTERS 
The ADSSS is a dielectrically-isolated quad voltage switch that 
can be provided in matched sets to build 4, 8 and 12-bit con
verters. Comprising four logic-operated single pole, double 
throw (SPOT) switches, the ADS SS can switch AC signals at 
its reference terminals, making it ideal for multiplying and DIS 
and SID converter applications. 

LOG IC INPUT L[Vl lS 

.---+----+-----+----+-- -+<> '~ ) ovoc 
r-t---t-~r---t--~r---t---.-TO 1 b.OVOC 

1.R7!.->mA If$ I 

1~ ovoc 

Figure 1. 
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Voltage switching involves the switching of resistor legs of an 
R/2R ladder network (e.g., ADSSS) between two continuously 
variable voltage references as shown in Figure 2. Depending on 
the logic state of the input terminals, the 2R leg of the Rl2R 
network will be connected to the voltage appearing on either 
Ref A or Ref B. The R/2R network has the property that, no 
matter what state the digital inputs are in, the impedance seen 
from the R/2R output (non-inverting terminal of the output 
amplifier) is always R . A complete 12-bit DIA converter is 
shown on the page describing the ADS SS switch. 

LADDER NETWORKS 
The ADS SO and AD8S2, ADBS 3 are binary weighted resistor 
ladder networks for use with the current steering switches 
ADS SO, ADSSl and ADSS2. The ADSSS is an Rl2R ladder for 
use with the ADS SS voltage switch. Nichrome thin-film con
struction combined with small physical size offer temperature 
tracking of lppm!°C (within the network) and excellent long 
term stability. 

The ADSSO includes the binary ladder network and applica
tions resistors to build complete 12-bit converters. For BCD 
weighting, order the AD8Sl. 

The AD8S2 can be used either alone to build 8-bit converters, 
or combined with the ADSS 3 (which includes the last quad 
and the circuit applications resistors) to build full 12-bit 
converters. 

The AD8S5 R/2R ladder has been specifically designed for 
use with the ADS SS voltage switch (R5w ::= 1sn, ADS SS LIU) 
and includes the applications resistors for building 12-bit 
converters. 

+ l ~V 

.---~~-7~-+-~~~-1-~-c---CE_ 
I 
I 

,------J 
I 
I MODEL AD SSS 
,vo l T AGE SWITCH! 
I I 

VREFA .,_ _ ____, __ -+----+--~ 

'JREF B o------<--~---+-- J 
( •4V MAXI -~-~~-~--~R~-~1~·2_R __ R 

0 
N VR EF 

N D IGITAL 
NUMBER 

>--.---<JVQUT G N VRE F 

-R~'~---~ R 1 g:~ . R2 G·A 

Figure 2. 



MONOLITHIC CURRENT SWITCHES i 
ADSSO, ADSSI, AD552 • 

GENERAL DESCRIPTION 
APPLICATION 

The AD550 and AD551 are quad current switches for building 
4, 8 and 12-bit accurate AID and DIA converters. The AD552 
is a quint current switch for building 5 and 10-bit converters. 
They feature monolithic construction to obtain tight switch 
matching and tracking with temperature and high reliability 
for military and avionics applications. 

"'S82S8lS84S8 !>S86 S81$88S8 

? 9 9 9 I 9 ? 9 

, ., 

•0 "• 1•.'.1 • ..'.L .. "' 
NOTE 

To obtain 12-bit linearity it is important that the AD550 and 
ADS 51 switches be ordered and used as matched sets. Units 
shipped as matched sets will be marked with a "VsE group 
number" (-9 to +9) following the grade selection for the 
T0-116 package (e.g ., 551K + 3D where +3 is the grade selec
tion and D the package suffix) and following the pin 1 desig
nator for the flat pack (e.g., • +SXXXX, where • is the pin 1 
designator and XXXX the date code) . 

The ADBSO includes the btnary resistors. mterquad attenuators. gain resistors. a bipolar option 

and reference cw rent rP.s1stors on a ~mgle subs If ate 

The AD552 does not require VsE classification. 

ELECTRICAL CHARACTERISTICS (Typical ·@ +25°C, unless otherwise noted .) 

Parameter 

Logic Inputs 
" O" (Switch ON) 

"I " (Switch OFF) 

Common Base Bias Voltage 

Input Coding 

Ourpur Current (Nominal) 
Bir I 
Bit 2 
Bit 3 
Bit 4 
Bit 5 

Output Voltage Limit 
Unloaded 
Resistor Load 

Switch Speed 
Switching Time (to turn on LSB) 
Settling Time to ±'12 LSB 

12 Bits 
10 Bits 

Accuracy(% Full Scale, With lOV 
Across Resistor Network) 

Linearity J IS 
K IT 
LIU 

Temperarurc Coefficient 

Power Requirements 
+5VDC (±5%) 
- 15VDC (±3%) 

Packages 

Operating Temperature Range 
J. K, L 
S, T , U 

• same as AD5 50. 

ORDERING GUIDE 

AD550 

O.SV max, I .6mA nom. 
(Avg. Sum of 4) 

2.0V min , IOOµA max 

- 2.0V max (-5 .0V min) 

Complementary Binary 

l .OmA 
0 .5mA 

0 .25mA 
0.125mA 

NIA 

OV (Amplifier~ pt ) 
-2Vto +IOV 

500nscc 

1.Bµsec 

O.Sµs cc 

1.0% max 
0 .1% max 

0 .01 % max 
2ppm!° C 

± J2mA ma x 
-9 mA max 

T0-87 (F .P ) 
TO-l 16A (O IL ) 

0 to +70°C 
-55 °C to +125 °C 

AD550 X Y* Z X = Performance/Temperature Grade J, K, L, S, T, U 
AD551 X Y* Z Y = VsE Characteristic (-9 to +9) 

AD551 

O.BV max , l .6mA max 
( Each Input) 

NIA 

60nscc 

200nsec 
l 20nsec 

- IOmA max 

AD552 X Z Z = JEDEC Package Designation D = T0-116, F = T0-87 

AD552 

O.BV max, l .6mA max 
(Each Input) 

0 .062mA 

90nsec 

120nsec 

± 1.0% 
±0.05% 
NIA 

7ppml° C 

- IOmA max 

TO- I J.68 (OIL) 

*Do not specify unless ordering a replacement part. Units ordered as 12 bit matched sets will automatically be 
shipped with the same VsE characteristic. 
PRICES : Consult the factory or your local representative for the latest pricing . 
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VOLT AGE SWITCH 
ADSSS 

GENERAL DESCRIPTION 
The ADS 5 5 is a dielectrically isolated quad voltage switch 
which is optimized for applications where both digital and ana
log signals vary - such as in digital to synchro conversion or 
multiplying DAC applications . Temperature coefficient has 
been specified to insure full 12 bit linearity when used with a 
50kD R-2R ladder network, such as the AD855 . 

APPLICATION 

LADDER 
TERMINATION 

DIGITAL NUMBER. N 

= 

ELECTRICAL CHARACTERISTICS 

176 LINEAR !C's 

Parameter 
Input Signals 

Digital 

Analog 1. Ref A and/ or Ref B 
in any combinations 

2. Ref A Alone 
(Ref B Grounded) 

Analog Input Current 
(Ref A or Ref B) 

Output Voltage Range 
Switch Offset Voltage, E05 

Switch Offset Mismatch, L'iE05 

Switch on Resistance, Rs 

On Resistance Mismatch , L'iR5 
Switch Load Current 
Settling Time (0.01 %) 
Switch Leakage Current 
Error Temp Coefficient 
Power Requirements 

Dissipation 
Packages 

Operating Temperature. Range 

AD555 

"O" <0.8V max@ -500µA, max 
"1" >2.0V min® +lOOµA, max 

-3 Volts, min to +3 Volts, max 

-4 Volts, min to +4 Volts, max 

-1.SmA, max 
±4 Volts 

555 ]IS +lOmV, max 
555 KIT +3mV, max 
555 LIU +2mV, max 

AD555 LIU ±lmV, max 
555 JIS 10on, max 
555 KIT 40D, max 
555 LIU 25D, max 
555 LIU lOD, max 

0 .5mA, max 
5µsec 

l.5nA, max 
±Sppm!°C 

±15V±20%@+7mA 
-4V ±1 % @ -3mA 

130mW (typ), 200mW (max) 
T0-87 Flat Pack 

T0-116 Dual In-Line 
Types J, K, L 0 to +70°C 
Types S, T, U -55°C to +125 °C 

ORDERING GUIDE : 

AD555 X Y X =Performance/Temperature Grade J, K, L, S, T, U 
Y = Package designator D = T0-116 DIL 

F = T0-87 F.P. 



RESISTOR NETWORKS a· 
GENERAL DESCRIPTION 

ADSSO, ADSSI , ADS52, ADS53, ADSSS l 
0 
< 

The nichrome thin-film resistor networks outlined here have 
been designed for use with the µDAC current and voltage 
switches already described. The AD850 is a 12-bit binary cur
rent determining ladder network for use with the ADS SO, 
ADSSl and AD552 current switches, and the AD851 is its BCD 
equivalent. The AD852 is an eight-bit current ladder network 
for 8-bit applications, which can be extended to 12 bits using 
the AD85 3. The AD855 is an R/2R twelve-bit ladder network 
spe;:ifically designed for use with the ADS 5 5 voltage switch. 
All the networks include applications resistors to build the 
complete DIA converter. 

BINARY CURRENT LADDER 
ELECTRICAL SPECIFICATIONS (Typical@ +25°C, unless otherwise noted .) 

Parameter 

RI= IOkSl 
R2 = 20kQ 
R3 = 40kQ 
R4= 80kQ 
RS= IOkQ 
R6 = 20kSl 
R7 = 40kQ 
RS= Sokn 
R9 = IOkQ 
RIO= 20kQ 
RII = 40kQ 
R12 = 8okn 
R13 = skn 
RI4 = I4.0625kQ 
RIS = I4 .0625kQ 
RI6 = skn 
RI7 = IkSl 
RI8 = 937 .5kn 
RI9 = 8okn 
R2o = 6.ookn 
R2I = 48.40kQ 
R22 = I5kQ 

Operating Temp. Range 
L Grade 
UGrade 

Packages (Suffix E or F) 
(Suffix D) 

AD850 L (U) 

±5% Abs. 
O.OI5% 
0.03% 
0.05% 
O.IO% 
0.2% 
0.4% 
0.8% 
I% 
I% 
1% 
I% 

O.I% 
Ratio to RI7 0.05% 
Ratio to RI7 I% 

O.I% 
±5% Abs. 

Ratio to RI7 I% 
O.I% 
O.I% 
O.I% 

o to +70°C 
-55°C to +I2s 0 c 

24 Pin Epoxy 
24 Pin OIL 

AD852 L (U) 

±0.3%Abs. 
O.OI5% 
0.03% 
0.05% 
O.IO% 
0 .2% 
0.4% 
0.8% 

Ratio to RI 7 0.05% 

±0.5% Abs. 

0.2% 

Ratio to RI 7 0.5% 

T0-87 Flat Pack 
T0-116 OIL 

1. All resistors ratio to RI unless otherwise specified. 

2. Total positive or negative contribution to error is less than O.OI2%. 

AD853 L (U) 

0.3% Abs. 
Ratio to R9 I% 
Ratio to R9 I% 
Ratio to R9 I% 
Ratio to RI60.2% 

Ratio to RI8 0 .3% 
0.5% Abs. 

0.3% Abs. 

RatiotoR2I 0 .2% 
0.5% Abs. 

T0-87 Flat Pack 
T0-116 OIL 

3. AD85I (=BCD form of AD850) : R13 = RI6 = 4kSl ; RI4 = 8.1325kSl; 
RIS = 8 .4375kQ. 

•specifications same as for AD850 . 

R-2R VOLT AGE LADDER 
ELECTRICAL SPECIFICATIONS (Typical@ +25°C, unless otherwise noted .) 

Parameter 

R 
2R 
Rsw 
Resistor Ratio Accuracy 
Operating Temperature Range 

L Grade 
U Grade 

Packages (Suffix F) 
(Suffix D) 

AD855 L (U) 

50kQ ±IO% Abs. 
IOOkSl 
Isn 

<0.004% 

o to +7o
0 c 

-55 °C to +I2s
0 c 

T0-87 Flat Pack 
T0-116 Dual-In-Line 

NOH1 
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DUAL FET'S 
AD3954 SERIES 

GENERAL DESCRIPTION 
Types AD3954 through AD3958 are a family of dual 
monolithic N-channel silicon junction field-effect 
transistors in the hermetically-sealed T0-71 package. 
They are designed to provide low input drift (to 5µV I° C 
max) and bias current (to 50pA max) when used in the 
input stages of general-purpose differential amplifiers. 
They will generally provide superior performance when 
replacing equivalent members of the 2N3954-58 family. 

The dual FET's are fabricated on N-type silicon wafers, 
and the two elements are diffusion-isolated. This isolation 
eliminates gate-to-gate breakdowns; bulk biasing and 
input gate protection are not needed for the great majority 
of practical designs . 

ELECTRICAL CHARACTERISTICS (@ +25 °C unless otherwise noted) 

Parameter Symbol Conditions 

Monolithic fabrication of dual FE T's provides inherently 
superior matching by design, and eliminates the costly 
handling employed in assembling 2-chip duals, as well as 
improving yield and reliability . The low offset drifts 
resulting from this matching tend to be linear with 
temperature and can be maintained in practical environ
ments because of the monolithics ' insensitivity to thermal 
gradients. 

AD3954A AD3954 AD3955 AD3956 AD3958 Units 

Drift vs Temperature I 6Vcs 1-2 1 Voe = WV, Io = 200µA } 5 10 25 50 100 µV!°C 
6T max 

0 0 0 
TA=-55 Cto+25 Cto+l25 C 

Offset Voltage, +25 °C I Vcs1 -2 Jmax Voe = 20V, In = 200µA 10 10 25 25 25 mV 

Temp Drift Nonlinearity TON 
TON max 

Pnce (1-99) 

Parameter Symbol 

Transconductance 
Full Conduction Y fss 
Typical Operation Yfs 

Mismatch 1~1 Yfs 

Drain Current 
Full Conduction loss 

Mismatch at 
Full Conductivn 

I loss 1-21 
loss 

Gate Current 
Operating -re 
High Temperature -re 
Reduced Voe -Ic 
Forward Current le (f) D* 
At Full Conduction -Jess 

Output Conductance 
Full Conduction Yoss 

Operating Y os 

Differential I Y \ OSJ-2 

Common Mode Rejection 

-20 log I 6~~~~-2 1 
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CMR 

CMR 

Voe= 20V, Io= 200µA x ±1 
TA= -55 °C to +25 °C to +l 25 °C ±S 

6.90 

ALL DEVICES 

Conditions 

Voe= 20V, V GS = 0, f = lkHz 

Voe = 20V, Io = 200µA l 
Voe= 2ov, Vcs = o 

Voe= 20V, Io= 200µA 
Voe= 20V, Io= 200µ A, TA= +125°C 
Voe= lOV, Io= 200µA 
Any Condition 
Voe= 2ov, Vos= o 

Voe= 2ov, Vcs = o 

Voe= 20V, Io= 200µ A l 
fl Vos = 10 ro 2ov, 10 = 200µA 

6Vos = 5 to lOV, Io = 200µA 

MIN 

1000 

0 .5 

±1 
±S 

5.65 

±1 
±S 

4.25 

TYP 

2000 

700 

0 .6 

2 

1 

20 

5 

0 .1 
0.01 

100 

75 

±1 ±5 µV J°C 
±s µV/°C 

3.00 2.25 $ 

MAX Units 

3000 µmho 
µmho 

3 % 

5 mA 

5 % 

50 pA 
50 nA 

pA 
50 mA 

100 pA 

5 µmho 
1 µmh o 

0 .1 µmho 

dB 

dB 



PIN CONFIGURATION 

Bottom View 

T0-71 

ELECTRICAL CHARACTERISTICS (Continued) 

ALL DEVICES 

Parameter Symbol Conditions MIN TYP MAX Units 

Gate Voltage 
Yes (off) 

Pinchoff Voltage 
orVp Vos= 20V, Io = lnA 1 2 4.5 v 

Operating Range Yes Vos= 20V, Io= 200µA 0.5 4 v 
Breakdown Voltage BVess Vos= o, Io = lnA, 40 v 
To Source or Drain Vess D* Any Condition 40 v 
Gate-to-Gate Breakdown V eeo le = lnA, 10 = o, Is = o 40 v 

Drain-Source Voltage Voso D* Any Condition 40 v 
Noise 

Vos= 20V, Yes= 0, Re= lOMD} Figure NF 
f = lOOHz, NBW = 6Hz 

0.5 dB 

Voltage en 
Vos= 20V, Io= 200µA ; f = lOHz} 

25 70 nV/y'HZ 
NBW = lHz 

Capacitance 
Input Ciss Vos= 20V, Vc;s = 0, f = lMHz { 6 pF 
Reverse Transfer Crss 2 pF 
Drain to Drain cdd Voe= 20V, Io= 200µA 0.1 pF 

Temperature 
Storage Ts D* Any Condition -65 +150 oc 
Junction TJ D* Any Condition +150 oc 
Lead TL D * 10 sec max - 1/16" or more from case +300 oc 

Can Dissipation Po D* TA= +25°C, Derate 3.3mW!°C 400 mW 

*D indicates an Absolute Maximum Limit above which Degradation or Destruction may occur. 
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DUAL LOW IG FET'S 
AD5905 SERIES 

GENERAL DESCRIPTION 
Types AD5905 through AD5909 are a family of small
geometry dual monolithic N-channel silicon junction 
FET's. They are designed for use in low level differential 
amplifiers that measure small currents, or small voltages 
at high impedance, and in high-impedance analog comput
ing circuitry (e.g., long-term integrators, slow differen
tiators). They will generally provide superior performance 
when used to replace members of the 2N5902-9 and 
U248-251 families. 

The dual device is fabricated on N-type silicon wafers 
with diffusion isolation between the two FET's. For 
this reason, low "punch-through " gate-gate breakdowns 
are eliminated, and bulk biasing is not needed for most 
applications. The substrate is connected to the can, and 
can be used as an effective shield and guard in circuit 
designs demanding extremely-low leakage current . 

With leakage currents less than lpA at VoG = lOV, and 
even less at lower voltages, these dual junction FET's, 
used with circuit design and assembly techniques 
appropriate to their capabilities, will excel in such appli
cations as pH meters, photo and ion-current transducers, 
low-drift integrators, and sample-holds. 
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PIN CONFIGURATION 
Bottom View 

T0-71 

ELECTRICAL CHARACTERISTICS 

(@ +25 °C unless otherwise noted) 

Parameter 

Gate Difference Voltage 

Drift vs Temperature 

Offset Voltage , +25 °C 

Temp Drift, Nonlinearity 

Gate Leakage Current 
Operating 
TA=+125 °C 

Full Co ndu ction 
TA=+ l 25°C 

Price (1-99) 

Parameter ------
Transcondu ctance 

Full Conduct ion 
Typical Operation 

Mismatch 

Drain Current 
Full Condu ction 

Mismatch, at 

Full Conduction 

Output Conductance 
Full Conduction 
Operating 
Differential 

Common Mode Rejection 

-20 log I 
6.Vcs 1-2 J 
6. Vos 

Gate Voltage 
Pinchoff Voltage 

Operating Range 
Breakdown Voltage 
To Source o r Drain 
Gate-to-Gate Breakdown 

Gate Current 
Gate-to-Gate Leakage 
Gate Reverse Current 
Gate Forward Current 

Drain to Source Voltage 

Noise 
Figure 

Spot Voltage 

Capacitance 
Input 
Reverse Transfer 
Drain to Drain 

Temperature 
Storage 
Junction 
Lead 

Can Dissipation 

Symbol 

6. V I GS 1-2 
6. T max 

TON 

-l e max 
- Jc max 

- less max 
- lc;ss ma x 

Symbol 

Y rss 
Y fs 

I 
y fs1 - 2 

Yrs 

loss 

1 ~1 loss 

y oss 
Yos 

y 051-2 

CMR 
CMR 

-VP or 
-Yes (off) 

-Yes 
BVcss 
-Vess D* 
BVcco 

Icco 
-Ic D* 
Ic (f) o• 
-Voso D* 

NF 

T5 D* 
TJ D* 
TL D* 

Po D* 



Conditions AD5906 ADS907 AD5908 AD5909 AD 590S Units 

Voe = lOV, Io = 30µA } µVt°C 
TA = - 5 5 ° C to + 25 ° C to + 1 25 ° C 

5 10 20 40 75 

Voe = lOV, Io = 30µA 25 25 25 25 25 mV 

Voe = lOV , lo = 30µA } µVl°C 
TA= - 55 °C to +25 °C to +125 °C 

±1 ±1 ±1 ±1 ±5 

Voe = lOV , lo = 30µA { pA 
1 I nA 

Vos= o, Yes= -2ov { 2 2 2 2 pA 
5 5 5 5 10 nA 

11.20 8 .90 7 .00 5.10 4.20 $ 
ALL DEVICES 

Conditions MIN TYP MAX Units 

Voe= lOV, Yes= o, f = lkHz 70 300 500 µmho 

l 50 100 200 µ mho 
Voe= IOV, Io= 30µA, f = lkHz 

5 % 

60 400 1000 µA 

Voe= IOV, Vcs = 0 2 5 % 

Voe= IOV, Vcs = 0 5 µmho 

Voe = IOV, Io = 30µA { 0 .5 µmho 
0.1 µmho 

Li Vos= IO to 20V, 10 = 30µA 90 dB 
LiVos = 5 to IOV, Io = 30µA 90 dB 

Vos = lOV, Io = lnA 0.6 2 4.5 v 

Voe = IOV, Io = 30µA 4 v 

Vos = o, 10 = lnA -40 -60 v 

Either V GS or V GD 40 v 

le = lnA, 10 = o , Is = o 40 v 

Vee= 2ov 1 pA 
Any Condition 10 µA 

Any Condition 10 mA 

40 v 

Vos= IOV, Yes= 0, Re= lOMn } f = lOOHz, NBW = 6Hz 
1 dB 

Voe= IOV , Io= 30µA } 70 nV/.../Hz 
NBW = IHz , f = lOHz 

{ 3 pF 
Vos= IOV , Ves = 0, f = lMHz 1.5 pF 
Voe= IOV, Io = 30µA 0.1 pF 

-65 +ISO oc 
+150 oc 

10 sec max - 1/16" or more from case +300 oc 
TA= +125°C 40 mW 

•o indicates an Absolute Maximum Limit above which Degradation or Destruction may occur. 
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DUAL ULTRA LOW IG FET'S 
AD830 SERIES 

GENERAL DESCRIPTION 
Types ADS 30 through ADS 3 3 are a family of small-geometry 
dual monolithic N-channel silicon junction FE T's. They are 
designed for use in low-level differential amplifiers that 
measure extremely small currents, or small voltages at very 
high impedance, and in high-impedance analog-computing 
circuitry (e.g., long-term integrators, slow differentiators) . 
They will generally provide superior performance when 
used to replace devices having similar geometry but higher 
leakage currents, such as members of the ADS 905-5 909 
family. 

The dual device is fabricated on N-type silicon wafers using 
silicon nitride passivation, with diffusion isolation between 
the two FET's. For this reason , low "punch-through" gate
gate breakdowns are eliminated, and bulk biasing is not 
needed for most applications. The substrate is connected to 
the TO- 7S can, and a connection is provided to use it as an 
effective shield and guard in circuit designs demanding 
extremely-low leakage current and noise pickup. 

With leakage currents less than O.lpA at VoG = lOV, and 
even less at lower voltages, these dual junction FE T's, 
used with circuit design and assembly techniques 
appropriate to their capabilities, will excel in such applica
tions as pH meters, electrometers, photo and ion-current 
transducers, low-drift integrators, and sample-holds. 
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PIN CONFIGURATION 
Bottom View 

T0-7S 

ELECTRICAL CHARACTERISTICS 

( @ + 25 ° C unless otherwise noted) 

Parameter Symbol 

Gate Difference Voltage 

Drift vs Temperature I 6 Ves 1_ 2 1 
/';T max 

Offset Voltage, +25 °C 

Temp Drift, Nonlinearity TON 
TON max 

Gate Leakage Current 
Operating -le max 
TA= +125 ° C -le max 

Full Co nduction -less max 
TA= +125 °C -less max 

Price (1-99) 

Parameter Symbol 

Transconductance 
Full Conduction Y fss 
Typical Operation Yes 

Mismatch 1~1 Yfs 

Drain Current 
Full Conduction loss 

Mismatch, at 1~1 
Full Conduction 

loss 

Output Conductance 
Full Conduction y oss 
Operating Yos 
Differential I y OSJ-2 

Common Mode Rejection 

-20 log I 6Ve s1-• I CMR 
6Vos CMR 

Gate Voltage 
-Vp or 

Pinchoff Voltage 
-Ves (off) 

Operating Range -Ves 
Breakdown Voltage BVess 
To Source or Drain -Vess D* 
Gate-to-Gate Breakdown BVeeo 

Gate Current 
Gate-to-Gate Leakage •eeo 
Gate Reverse Current -Ie D* 
Gate Forward Current le (f) D* 

Drain to Source Voltage -Voso D* 
Noise 

Figure NF 

Spot Voltage en 

Capacitance 
Input Ciss 
Reverse Transfer Crss 
Drain to Drain cdd 

Temperature 
Storage Ts D* 
Junction TJ D* 
Lead TL D* 

Can Dissipation Po D* 



Conditions AD830 AD831 AD832 AD833 AD833A Units 

Voe = lOV , Io= 30µA 
5 10 20 75 40 µV t° C 

TA = -5 5°C to +25 ° C to +l 25 °C 

Vo e = lOV, Io= 30µA 25 25 25 25 25 mV 

Voe = lOV, Io = 30µA ±1 ±1 ±1 ±5 ±1 µVt°C 

TA= - 55 °C to +25 °C to +125 °C ±5 ±5 ±5 ±5 µV /°C 

Voe= lOV , Io= 30µA 
0.1 0 .1 0.1 0 .5 0 .1 pA 
0.1 0 .1 0 .1 0.5 0 .1 nA 

Vos= o , Yes =-20V 
0 .2 0.2 0 .2 1.0 0 .2 pA 
0.5 0.5 0.5 1.0 0 .5 nA 

13.40 10.70 8 .60 5.10 7.00 $ 

ALL DEVICES 

Conditions MIN TYP MAX Units 

Voe= lOV, Yes= o , f = lkHz 70 300 500 µmho 

~ 
50 100 200 µ mho 

Voe= lOV, Io= 30µA , f = lkHz 

1 5 % 

1 
60 400 1000 µA 

Vo e = 1ov, Yes = o 2 5 % 

Vo e= 1ov, Yes= o 5 µmho 

Voe= l OV, In = 30µ A { 0.5 µ mho 
0 .1 µmh o 

6 Vo s= 10 to 2ov, 10 = 30µ A 90 dB 
6Vn s = 5 to lOV, In = 30µ A 90 dB 

Vos = lOV, In = l nA 0.6 2 4 .5 v 

Vo e= lOV, In = 30µ A 4 v 
Vos = o, In = lnA -40 -60 v 
Either V GS or V GD 40 v 

le = lnA, In = o, Is = o 40 v 

Vee= 2ov 1 pA 
Any Condition 10 µA 
Any Condition 10 mA 

40 v 

Vos= lOV, Yes= 0, Re= lOMD 

t 
1 dB 

f = lOOHz, NBW = 6Hz 

Voe= lOV, In= 30µ A 70 nV/y'HZ 
NBW = lHz, f = lOHz 

Vos= lOV, Vcs = 0, f = lMHz { 3 pF 
1.5 pF 

Voe= lOV, In= 30µ A 0.1 pF 

-65 +150 oc 
+150 oc 

10 sec max - 1/16" or more from case +300 oc 
TA= +125°C 40 mW 

•n indicates an Absolute Maximum Limit above which Degradation or Destruction may occur. 
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DUAL ULTRA LOW NOISE FET'S 
ADS40 SERIES 

GENERAL DESCRIPTION 
TRAK-FET's, A0840/841/842 are large geometry, dual monoli
thic silicon N-channel .J-FET's optimized for operation in 
differential amplifier applications where extremely low noise 
levels are required . The AD840 series is ideal• for sensing very 
small signals commonly found in optoelectronic and bio
medical applications. 

The dual FET's are fabricated on N-type silicon wafers and the 
two elements are diffusion isolated. This isolation eliminates 
gate-to-gate breakdowns ; bulk biasing and input gate protec
tion are not generally needed. 

The AD840 series dual monolithic FET's are the only devices 
available where initial offset voltage and drift can be closely 
correlated. The secret: a. break through in process and a thor
ough understanding of critical parameters in matching 
and tracking . 

Th·~se_devices are almost as predictable as dual monolithic 
transistors. At the same time , no interdigitated geometry is 
needed to obtain this close matching and tracking, hence no 
gate-to·gate breakdown problems at 2 x VP . 

For these reasons the AD840 series is offered at extremely 
low Vcs

1 
- Vcs

2 
offsets, 5mV maximum, and tracking, 5 

and IOµVf°C. 

Outside these most important parameters, very close Y fs and 
Y 05 matching is natural for these devices. Furthermore, these 
devices were specifically designed for very low voltage noise, 
less than 15nV!v'Hz@ IOHz. 

Besides all these features, the devices do not compromise on gate 
leakage current as the typical number of 5 pA@ 1 OV indicates. 

The above given characteristics make these FET's superior re
placements for the 2N5515, 2N5 520 series which in .contrast 
are hybrid dual-chip devices . 

PIN CONFIGURATION 

Bottom View 

T0-71 
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SPECIFICATIONS 

(@ +2 5°C unless otherwise noted) 

Parameter 

Drift vs Temperature 

Offset Voltage , +25 °C 

Temp Drift No nlinearity 

Price (1-99) 

Parameter 

Transconductance 
Full Conduction 
Typical Operat ion 

Mismatch 

Drain Current 
Full Conduction 

Mismatch at 
Full Conduction 

Gate Current 
Operating 
I Iigh T emperature 
Reduced VD c 
Forward Current 
At Full Conduction 

Output Conductance 
Full Conduction 
Operating 
Differential 

Common Mode Rejection 

-20 log 
I ""Ves1 -2 

LO.Vos 

Gate Voltage 

Pinchoff Voltage 

Operating Range 
Brcakaown Range 
To Source or Drain 
Gare-to-Gate Breakdown 

Drain-Source Voltage 

Noise 

Voltage 

Voltage 

Capacitance 
Input 
Reverse Transfer 
Drain to Drain 

Temperature 
Storage 
Junction 
Lead 

Can Dissi pation 

Symbol 

6 T max 

max 

TDN 
TDN max 

Symbol 

Yrss 
Yrs 

Yrs1 -2 

Yrs 

los s 
loss 1.2 , 

loss 

-le 
-le; 
- le 
le; (f) D* 

-le SS 

Yo ss 
y u s 

I y os1-2 

CMR 

CMR 

Yes (off) 
or Yp 

Ves 
BVess 
Vess D* 
Yeeo 

Voso D* 

en 

en 

Ciss 
Crss 
cdd 

Ts D* 
TJ D* 
TL D* 

Po D* 



~ 
CD • -a .. 

Conditions A D840 AD84 1 A D842 Units 0 
a. 

10 40 µV !° C c 
" 

Voe = 2ov, 10 = 200µA 

TA= -55 ° C ro +25 ° C co +l 25 ° C .. 
Voe = 2ov, 10 = 200µ A 25 mV •• 

±1 ± I ±1 µV /° C .. 
±3 ±3 ±3 µV !° C " 

Voe = 20V, Io = 200µA 
TA= - 55 ° C ro +25 ° C ro +J 25 ° C 

00 
9 .40 7.80 3.50 $ .. 

BOTH D EVI CES 
0 

Condi t ions M IN TYP MAX Units 

Voe= 20V, Yes= O, f = 1 k ll z 1,000 4 ,000 µmho 

Voe = 2ov , 10 = 2ooµ A 500 1,000 µmh o 

0.6 3 % 

Voe = zov , Yes= o 0 .5 2 mA 

% 

Voe = 2ov , 10 = 200µ A 20 50 pA 
Voe = 20V, l o= 200µ A , TA = + 125 ° C 50 nA 
Voe = l OV, l o = 200µ A pA 
Any Condition 50 mA 

Voe = 2ov, Vos = o 100 pA 

Voe = 2ov , Yes =O 10 µmh o 

Voe = 2ov , 10 = 200µA 0 . 1 1 µmh o 
O.oJ 0 .1 µmh o 

L>Vos = 10 ro 2ov, 10 = 200µ A JOO dB 

6 Vos = 5 ro I OV , l o= 200µ A 75 dB 

Vos = 20 V , l o= l nA 2 4.5 v 

Vos = 2ov , Io = 200µ A 0 .6 4 v 

Vos= o . 10 = I nA 40 v 
Any Condition 40 v 

l e = I nA , l o = O, l s = O 40 v 

A ny Condition 40 v 

Vos= 20V, l o = 200µA, f = IOHz 
NBW = !Hz 

15 nV /VI lz 

Vos= 20V, 10 = 200µ A, f =!kHz 10 nV/VHz 
NBW = I llz 

Vos= 20V , Ye s= 0, f = I MHz 
25 pF 

5 pF 

Vo e = 20V , 10 = 200µA 0.1 pF 

A ny Condition -65 +150 oc 
Any Condi tio n +150 oc 
I 0 sec max-1 / l6" or more from case +300 oc 
TA= +25 ° C, Derate 3.3mWf° C 400 mW 

•o indicates an Absolute Maximum Limit above which Degradation or Destruction may occur . 
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DUAL NPN TRANSISTORS 
ADSIO SERIES 

GENERAL DESCRIPTION 
The Analog Devices AD810, AD811, AD812, and AD813 
are monolithic dual NPN transistors designed for use in 
ADI 's modular products . Thus, they are suited for a 
wide range of applications requiring excellent matching of 
characteristics, high current gain, and high voltage 
breakdown. 

The AD810 series is manufactured with linear I.C. 
processing techniques . The resulting V 8 E characteristics -
voltage differential less than 0.5mV, temperature drift 
below 2.5µV!°C, breakdown voltage above 40V -
make the devices ideal for critical differential input 
stage requirements. In addition, the excellent current 
gain performance - typically 500 over a lOµA to 5mA 
collector range - insures high performance operation in 
second stage applications . 

The AD810, AD811, AD812, and AD813 are specified 
for operation over the -55°C to +125°C temperature 
range and are supplied in the hermetically sealed T0-71 
package. 

MATCHING CHARACTERISTICS (TA = +25° C, unless otherwise noted) 

Parameter Test Condition Limit 

VBEl - VBE2 le= lOµA to 5.0mA, Vee= 5.0V max 

6(VBE1 -VBE2) le= lOµA, Vee= 5.0V } max 

6T TA= -55°C to +125°C 

ls1 - 1s2 le= lOµA , Vee= 5.0V max 

60s1 - lsz) le= lOµA, Vee= 5.0V } max 

6T TA =-55°C to +125°C 

PIN CONFIGURATION 
Bottom View 

T0-71 

AD810 AD811 AD812 

3.0 1.5 1.0 

15 7.5 5.0 

20 10 2.5 

0.6 0.3 0 .3 

ELECTRICAL CHARACTERISTICS (TA= +25 °C, unless otherwise noted) 

Parameter Test Condition Limit AD810 AD811 AD812 

hFE le= lOµA, V ce = 5 .0V ~ min 100 200 400 
max 600 1000 

hF E le = 1.0mA, V ce = 5 .OV mm 100 200 400 

hF E le= 5.0mA, Vee= 5.0V min 85 170 350 
hFE (-55°C) le= lOµA, Yee= 5.0V mm 35 75 150 

BVcso le = lOµA, le= 0 mm 35 45 35 

BVcEO lb= 0, le= 5.0mA mm 35 45 35 

BY cc ICC= lOµA mm 35 40 50 

BVEBO le = lOµA, le = 0 min 6.5 6.5 6.5 

V CE (sat) le = l.OmA, lb = O.lmA max 0.5 0.3 0.3 

V CE (sat) le = 5 .OmA, lb = 0.5mA max 1.0 0.8 0.8 

VBE(sat) le= 5.0mA, lb= 0.5mA max 0.9 0.9 0.9 

VBE (on) le= lOµA, Yee= 5 .0V max 0.7 0.7 0.7 

Icso le= 0, Vcb = 80% rated BV CBO max 1.0 0.2 0.2 
Icso r+150°C) le= 0, V cb = 80% rated BV CBO max 1.0 0.2 0.2 

IEBO IC= 0, veb = 5.0V max 0.3 0.2 0.2 

cob le= 0, V<=b = 5.0V typ 2.5 2.5 2.5 

fT le = l.OmA, V ce = 5 .OV ryp 125 125 125 

Price (1-99) 2.00 2.60 :S.80 
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AD813 

0 .5 

2.5 

5 

0 .3 

AD813 
200 
600 
200 
170 
75 
45 
45 
50 
6 .5 
0.3 
0.8 
0.9 
0 .7 
0 .2 
0 .2 
0.2 
2.5 
125 

4 .75 

Units 

mV 

µVJ°C 

nA 

nAl°C 

Units 

v 
v 
v 
v 
v 
v 
v 
v 

nA 
µA 
nA 
pF 

MHz 

$ 



DUAL "SUPERBETA" NPN TRANSISTORS I 
AD814 SERIES ,, 

GENERAL DESCRIPTION 
fypes AD814, AD815 and AD816 are super-beta, monolithic 
:iual NPN transistors which are designed to provide very high 
DC current gain over wide, collector current ranges with atten
fant high breakdown voltages. When used in the input stages of 
jifferential amplifiers, they provide very low offset voltages 
with very low drift over temperature. High gain, coupled with 
high breakdown voltages, tight VsE matching and low output 
capacitance are all characteristics enhancing a wide range 
of a pplications. 

The ADS 14 series is manufactured util izing super-beta NPN 
transistor technology, and advanced silicon nitride passivation 
techniques . The resulting V BE characteristics - voltage differ
ential less than 0 .2 rn V, temperature drift below lµV 1° C, break
down voltages of 20V - 30V make these duals ideal for applica
tions requiring critical, different ial input stages . Also, very high 
DC gain of 2000 from 1 to 500µA makes for most efficient sec
ond stage applications . 

The AD814, AD815 and AD816 are specified for operation 
over the full military temperature range (-55°C to +125 °C) and 
are supplied in hermetically-sealed T0-71 packages . 

PIN CONFIGURATION 
Bottom View 

T0-71 

SPECIFICATIONS (@ +25 ° C unless otherwise noted) 

Parameter Test Condition AD814 AD815 AD816 Units 

hF E 1 min le= lµA , VeE = 5V 1000 2000 2000 

h FEz min le= JOµA , Vo: = 5V 1000 2000 2000 

hF E 3 min le= 500µA , VeE = 5V 1000 2000 2000 

h FE
4 

(-55 ° C) le= lOOµA , VeE = SV 600 800 800 

BVeso le= lOOµA , IE= 0 35 20 10 v 
BVEB O IE = lOµA , le= 0 7 7 7 v 
Ve EO (s u s t ) l e = lOOµA , Is = 0 35 20 10 v 
Price ( J -99) 5.00 6.50 5.7 5 $ 

COMMON DEVICE PARAMETERS 

Parameter Test Condition MIN TYP MAX Uni ts 

Vin : (o n ) l e= lOµA , VeE = 5V 0.7 v 
VeE(sat ) le= lmA , Is = 0 . JmA 0.5 v 

IV B E 1 - V B E 2 I l e= lOµA , VeE = lV 0 .2 1.0 mV 

IVsl~ 1 ~ 1 le= lOµA , VeE = lV } l.O 5.0 µV!°C 
TA = - 55 ° C to +l 25° C 

l e so 1 IE= 0 , Ve a = 10\I 10 pA 

leBOz (+ 150° C) I E =O, Vea= IOV 10 nA 

!EB O le= 0 , V EB = 5V 5 pA 

lele2 Vee= ± IOOV 10 pA 

p s,-IB z l le= l OµA, VeE =JV 0 .5 nA 

fr1 le= lOµA , Vci-: = 5V 10 MH z 

f Tz le= 200µA , VeE = 5V 100 Milz 

Co BO Ii-: =0, VeB = lV 0.8 pF 

Cr!' Ie = o, Vrn = 0 .5V 1.0 p F 

Ce , ez Vee= o 1.2 pr 

le= lOµA, Vei: = 3V 

} NF f = I kl-IL, Re = l OkS1 3.0 dB 

BW = 200ll z 

LINEAR !C 's 187 

.. 
0 a. 
c 
" .. •• 



00 ... 
00 
a c 
•• • " :t .,, 
0 .. 
D. 

• G» 
I: 

DUAL 0 LOG CONFORMANCE" NPN TRANSISTORS 
ADSIS 

GENERAL DESCRIPTION 
The AD818 is an excellent dual monolithic NPN log confor
mance transistor designed specifically for computational cir
cuits using logarithmic conversions . 

The outstanding characteristic of .the AD818 is the low re 
tracking error (L"-re), typically 1n, over a wide collector .cur
rent range up to lmA. This reSU'lts in more than 6 decades of 
excellent log conformance. 

Excellent reliability and long term stability are achieved 
through a proprie~ry device surface stabilization process that 
featu~s a Nitrox<B' nitride passivation over the silicon and a 
Silox® glass passivation over the entire structure. 

@ Applied Materials Technology, Inc. 

The AD818 is designed for operation over full military 
temperature range from -55 °C to +125 °C and is offered in 
hermetically-sealed T0-52 packages (T0-71 and T0-78 
are optional). 

PIN CONFIGURATION 
Bottom View 

T0-71 

MATCHING CHARACTERISTICS (TA = +2 5 C and ± 15 VDC, unless o therwise n o ted) 
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VeE1 - VeE 2 

6(Ve E1 - Ve E2> 

6 T 

hF E 1 i hFE2 

l e I - IH ~ 

Test Condition 

le= I OµA , VcE = 5.0 V 

le= I OµA , VeE = 5.0V 

TA = -55 °C 10 +125°c 

le= I OµA , VcE = 5.0 V 

le= I Oµ A , Vu = 5.0 V 

le= IUµA , Vn. = 5.0V 

TA = -ss ·c lO •125° C 

} 

} 

MIN TYP MAX 

0 .4 1.0 

1.0 5.0 

10 

0 .5 

ELECTRICAL CHARACTERISTICS (TA= +25 ° C an d ± 15 V DC, unless oth erwise noted) 

Pvamcttt Test Condition MIN TYP MAX 

hf E le= I UµA , VeE = 5 ov 150 600 

h f E le= I OOµ A , Vu: = 5 ov 15 0 600 

hf E le = I .Om A . Vu. = 5 .OV 150 

hF E <-ss
0 e> le= I OµA , Ve F = 5.0V 50 

ru. • le= 10- 100- I OOOµA , 

VeE = 5.0V } 1.0 

BVc e o le= I OµA , Ir. = 0 25 

BVcEO le = o, le= 10.oµ A 25 

BVcc Ice= IOµA 45 

BV Ee o IE= I OµA , le= 0 6.5 

Vee <su > le= l .OmA . 18 =O. ! m A 0 .5 

V e E (o n) le = I OµA , Vu. = 5 UV 0 .7 

lc eo I r. = 0 , Vee = 80% ra ted } 0 .2 
BVc eo 

lc eo (+1so
0
0 I r. = 0 , Ve e = 80% rated } 0 .2 

BVc eo 

IEeo le= 0, V Ee = 5.0V 0 .2 

Ice Vee= ±45 V 0.5 

Co e IE = 0, Ve e = 5.0V 

CEe le =O, v~. e =0 5V 

CTE le= 0 , V fe = 0.5V 

f, le= l.OmA , VcE = 5.0V 200 

f, le= 200µA , Vn_ = 5.0V 100 

NF le= I OOµA , Vn. = 5.0V } BW = 200 11 2. Re = ! Uk!1 

Price ( 1-99) 5.00 

*&e is a dev i atio n from the i d eal re and d etermines t h e log con formance. 

Units 

mV 

µV t°C 

% 

nA 

nA / C 

Uniu 

!1 

v 

v 

v 

v 

v 

v 

nA 

µA 

nA 

nA 

pf 

pf 

pf 

MHz 

MH z 

dB 



GENERAL DESCRIPTION 

Types AD820, AD821 and AD822 are small signal , dual mono
lithic PNP transistors which are primarily designed to provide 
high gain over wide , co ll ector current ranges with high break
down voltages, close matching and predictable tempera-
ture drift. 

Thro ugh precise , linear JC productio n processes co upled with 
advanced sil icon nitride passivat io n techniques, it is now possi
ble to rout inely fabricate these dual mo nolithic PNP t ransistors 
with vo ltage breakdowns in excess of 60V ; voltage offsets of 
O.SmV ; temperatu re drifts of < 2 .Sµ V !° C and IB - IB drift 

1 2 
< 0 .3nA!°C. Addi tionally , gain linearit y is evident from lOµA 
to l .OmA of collector current . 

The AD820 series is designed for operation over full military 
temperature range fro m -55 °C to +125 °C, and is offered in 
hermetically-sealed T0-71 packages (T0-78 is optio nal). 

DUAL PNP TRANSISTORS = 
AD820 SERIES • 

PIN CONFIGURATION 
Bottom View 

T0-71 

,, 
i't 
0 
A. c 
" ... •• ,. 
a m 
N 
0 

MATCHING CHARACTE RI ST ICS (TA = +2 5°C, un less o therwise n o t e d ) 

Paramct CT Test Condi tion Lim it ADRl O A 0 82 1 AD8 22 Units 

V e 1:. 1 -V o t-. 2 l e ::: I Oµ A to 5.0mA 

l max 5.11 l.ll U.5 mV 
v , f = 5.0 V 

6( V BE
1 

- V ef
1

) l e = IUµA , Vci = 5 u 1· 
µ V l° C 

T"' ; -ss 0 c cu • 12s '' c 
ma. lo l . 5 

L>T 

le ' - l e 2 le= I OµA . l \ .1 - 5 UV nux Ill 5.ll nA 

L>Oe ' - l e 2 > 1, = IUµA . Vu ;:; 5 ov } m,D, o.s 0.) nA /° C 

L>T TA =- -55 t.i C I ll • 125 (. 

h1- E I / h ,_- .__2 1, .:. IUJ,J /\ . V( I --'-S UV I~ p 111 •;, 

ELECTRI CAL CHARACTE RI STI CS (TA= +25 ° C, unl ess o t h e r w i se n oted ) 

Paramnc. Test Condition Lim it ADK20 AD821 A D8ll UniD 

h FE j 
min 1011 150 2UO 

le= I Oµ A . Vn . = 5 U\' 
m a x 600 6UU 

hFE 
mi n ] l )l) I 5U WU 

IL = I OUµA . Vu = 5 tlV 
ooo 600 

hf E le= I .OmA . Vc 1· = 5.0 Y min IUU 150 200 

hFE !-55 °C) le= I Uµ A . Yc l = 5 UV m in JO 50 15 

Vc E ( sa f) le = t .OmA , 18 = o l m A m ax U.5 0 .5 0 .5 v 

V e E (o n > le= IOµA . Yu = 5.0Y max t). 7 0 ,7 0.7 v 

BYc e o l c = I Oµ A , l l = O m in 25 4 5 60 y 

BYc EO IR = 0 . l e = IOUµA min 25 ~ 5 60 v 

BY c c Ic e = IOµ A min JO 60 100 v 

RVF. eO IE = IOµA . le = 0 m in 6. 5 6 .5 6.5 v 

lc e o I r. ::: 0 , Vc u = 80% ra tt'd l 0 .1 U.2 0.2 nA 
BYc eu 

lc eo ( • 150°C) l l:. = U. Vc B = 80,rared ma x O.l 0. 2 O.l µA 
BYc eu 

IEBO l e = o . Y ,.8 = 4 .o v ma x U.l O. l 0 .2 nA 

l c 1C z Vee = 80 % ra ted BV c u o ma x U.5 0 .5 0 ,5 nA 

C-O e I>. • 0 . Vc R = 5 01' max 2,U 2.U l .5 pF 

C-n lc •O. V 1-. e •05V m.x 1.0 l .O 2.0 p ~ 

Ccc Yee= o max 2.0 l .O 2 .0 pF 

f, le = I Om A , v Cf. = 5 OV min 20U 200 MHz 

f, le = 200µ A . VcE = 5 OY m in 100 I UO M ii z 

NF le= IOOµ A . 
YcE = 5.0 V , BW = lOOH z ' YP J.o l.O d B 
Kc; • IOkfl,f= lkllz 

Pncc ( 1-99 ) 2. 10 2.7 5 5.25 
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MECHANICAL OUTLINES 
ANALOG PRODUCTS 

GENERAL NOTES: 

• All pin diagrams are terminal views. Grids are on 0 . l 11 

spacing for reference only. 

• Pin designations are for reference only; in general 
designations are silk screened on the sockets. 

• Pins are gold plated, half-hard brass, 0.04" in diameter , 
0.2" minimum length . 

• Mating socket numbers are shown with each pinning 
diagram. Socket outlines are shown on page 1 71. 

• Socket material is NEMA grade G-10 glass epoxy, 0 .093" 
thick . Terminals are 0.5" maximum length. 

• All dimensions shown in inches. 

B PACKAGE 
MODEL 171 

D PACKAGE 
MODELS 424, 427 

.___ ___ ___.II· 

.__------307-------< 

T 
1.65 

,__________.l 
190 MECHANICAL OUTLINES 

MODULE TERMINAL 

TYPICAL ON ALL CASES 

SOCKET TERMINAL 

.093 REF .180 MAX 

~.____,.._[ n~n n~n-~1 ~1 
~ ~ 1r T .SOOMAX 

Terminals : Press fit TEFLON 

~-~I± B-1 
AC1037 

---· 1 .8 --~ 

D-1 
AC 1012 

2 .4 

+- t- .... -+ 

T ' 1 '"+-r 1 '" f ' ' +-~ 

D-2 
AC 1023 



F, FA PACKAGES 
MODELS 41, 119, 120, 146, 153, 163, 183, 184, 233, 234, 260, 261, 

350,422,426,428,429,433,434,602,603,605, 755 , 756 

1+-l-+-l--++-+-+-COM~+-+
t- >IN( -) J I I 

>+-+-+-+-+-+-+-t--<I- - V s9-t-t--'
t-t- IN(+) 

1++-+-t-+-+-+- OUT ( + 19+--1 

+-++-+-+-+-++ TA IM >-Erl 
j_TI I 
J_J_J 

F-4 
AC 1016 

11 ± H ± ~---+-H-++-+-t 

~--t-H-I++-+-t ~IN c;>-i-1 
TRIM 

I+-<-+-+-+-+--+-+--! E IN 9-+---1 
H-t~-V~s +---+-_._.-.EouT~ 
COM o-+--+-f--t--t-+-+-tf-T--1 

1+--+--+--~- 2 V ID EC ;>-t----
+ V 5 0+~J-+-+-++-+-+-+-+-t-1 

1-+w--+-t-+-+--+J--< lV I DEC 9-+--

J HH i 

FA-4 
AC 1023 

III II 
t--t-+~ N( fffi_v s~ 
t-++9 X B

1
AL +--C 0 M ?f-+-1 

t--+-t-¢ x++-n -vs 9-t-H 

H-+9Y~OUT ?-t--t--i 
t---t- > y ~ i_ -+--1 0 UT 9-t-H 

' BAL t-+-1 

+-+-H zf II 
II II 

F-2 
AC 1027 

F-6 
AC 1039 

F5 , FA-5 
AC 1024 

. ±±± +Vs9-f-1 

F-3 ** 
AC 1011 

FA-2 
AC 1012 

FA-6 
AC 1022 

t-t--- ±± ±± ± 
+-+-+9~~p ~9-ttJ 
t-t+-1 ~A,Pj-t-coM9fEJ 
t-+t-9 IN(-) I l I 

1+-+-+-+-++-+-+-r- Vs<?--r--ri 
t-+- 0 IN ( + I 0 UT 9-J.-1--j 

+--- TAIM >-ffi 

t= ±±± ± 
*F-1 Common pin on model 350 functions as limit to facilitate output clamping. 
**F-3 Bandwidth pin and pin marked NC omitted on models 233, 234. (Use mating socket AC1010 .) 

H, HA PACKAGES 
MODELS 272 , 273, 274, 902, 903, 904, 905 , 915, 920 

:------_l}r .. 
f--------3 .5-------< 

l 
~J 

?vA 

ttf;!j 

HA-1, H-2 

AC 1013 

'2 

10 

T~EA D INSERTS 

··~· 

*H-3 Model 274 " HI IN # 1" and "Gain" pins are detachable. 

Jilli 
~ttN 

! Lb 
GUARD 

A 
-Vs \>-j 

COM P-

+V~ 

~------~IJ;., 
i------1.5----·--il 

• 
I 

~l 
FA-3 

AC 1012 

I II 
t-t--K> •v 1 t---fEY~ <>--- t-

H-+9~ cp---rco~ N+
t-K> X --+-+TI - Vs 9-J--+

t--t-+9 Y +-t---t--1 <}_UT N+
+-++-9 ~ qf-++1 OUT <?-f+ 

1-t---1-+-+---+---+---+--+-+ BAL t--+t-
t-t+~-VR JJ_ 

I II 

FA-7 
AC 1023 

J_ l 
H ;> RE H----J±+v

1

s \>--: t--

+- ?Y----t---t---1 COM \>--. I-

H-- 9 x f--t-+-- - vs >-- t

i--!. 91 f--t-+-- OUT :>- ,____ 
I-- 9B C :>-- H 

I-- 9 Z-+-t-----l-'1-t-I1-1---I+-+--H 

l J_ l l 

H-1 AC 1033 

t"'i 4 40 7« 
2 p~..!r' 

t-----

~ t--I tj ' 
H-3* 

AC 1007 

JJoU 

o~-

I\ 

w g 
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M PACKAGE 
MODELS 40, 43, 118, 165, 751 

T 
0.5 

...____ _ ___, _l_ 

~14 

T 
1 

..__.l 
N PACKAGE 
MODELS 46, SO 

M-1 
AC 1003 

M-2 
AC 1003 

•-+--+--+--+--+--+-~ v~ ?-1 

11 
,1-<_-+-) -+~-i(-- )-t--+--+--Tlv ~ ) -1 

--0 IN ( + )1 --+-+-+-~ --+-f-t--1 
qu_l:t >-1 

ll 
:===-=--=--=---1-.8======:., 

l 
1.2 

.______J 
Q, QB, QC PACKAGES 
MODELS 8100, 42, 44, 45, 47, 48. 180, 432, 752 Q-1. QB-1 *, QC-1 

AC 1003 

192 MECHANICAL OUTLINES 

l Jf 
~o.s-l 

I l~.57 
QC-0.4 

...._ ____ ____._L 

l---1.12s---j 

1 1/8 

QB-2 
AC 1016 

•Model 42 (QB-1) common pin may be missing. 
No connecting required. 

M-3 
AC 1016 

I-< ,.,, J.t. 
1--+-RG ----.... ~--....-... 'r<1---1 
I-{_ R Tc --+--

.f)_ 

'1 7-b 

N-1 
AC 1034 

QC-2 
AC 1032 



R PACKAGE 
MODELS 210, 211 · 

W, WA PACKAGES 
MODELS 231, 310, 311 

~-If 
t-------2.87------

T 
~-I 

T 
W -0.67 
WA-0 .4 

W-1 
AC 1017 

~~~~~~~~_L . 
t------ 3 .06---------i 

[ H [I 

MODEL 425 OUTLINE 

R-7 
AC 1002 

WA-1 
AC 1014 

#2 -56NC -2B THDS 
2 PLACES 

1.072--t------i 

t--------3 .2---------1 

~~ < a: 
z 
< 
"' ~ o~ o~ a: a: a: a: 

w w 
N N 

)( > 

3 . 3 

MODULE 

NOTES: 

ii!: z 
)( ,:: .----'---+-

: ___ -----------r-·1 r···~ r-- -~ 
---~ 

0 .31 

1. Model 425 gain adjust pot in series with X input. 
2. Mating socket supplied with unit (ADI part no. 60-42820). 

.16 
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MPD POWER SUPPLIES 

LINE IN 

115VAC 
LINE IN 

MPD 15/lOOA 
USE MOUNTING CARD AC 2714A 

LEADS 4&6 

~ 4 40 INSERT ~.20L.75 _J 
(4 PLACES ) 

• .015 
3.19 - - - - -

MPD 15/300A 
USE MOUNTING CARD AC 4482 

~15VDC - 15VDC 
SENSE SENSE 

...__.. _____ -----·----
LOAD GRO GAD LOAD 

SkH Sk.ll 

3 . 33 

COM GAD • 

6 EQUAL M AX 

SPACES I 
@ .200 . 0 4 0 
=1.200 D IA 

L 
j 2.n5 

J 0 
.268 

·'""""{ ·"' ''" =-_j ' 4 - 40 INSERT 
.262 " O" 3.350 ~ I 14 PLACES) 

3.90 MAX____j 

.383 ___, 
M AX 
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115V AC 

MPD 5-150A and MPD 5/750A 
USE MOUNTING CARD AC 2714B 

5K 
WW 

150V ~ t MPO 5 150 ONLY I 
COM • -

LEAD 4 

KEEP SHORT OR SHIELD 

+ ·1 .O<O 

1.00 ~IA. 

~----4 z~o 

: . ;+I .. :-
t 1' ._____________.1 ·~ doJ J 

I 
I ~ "09 '09 _J~·' "--- '•o INSERT L 

1 l- 1 34 ---t-- 1 34 - !4 PLACES ) 20 75 --l 
1 015 

,_____ -- 3'9 - --

MOUNTING CARDS 

AC 2714 A/B 

>-------- • .5 

AC 4482 

1- <.5 --

r 
3.6 



POWER SUPPLY MANIFOLD 
MODEL950 

OPERATIONAL AMPLIFIER MANIFOLD 
MODEL 194 

5 .25 

f------------18.38 -"""'··--------------~~ 
69>---------------17.00--------------··· 

AMPLIFI ER 
SOCKET#1 

I 
5.50 

~----7.25----~·-.I 
MODEL 79P CERMET BALANCE POT 
Analog Devices has selected the Beckman Helitrim Model 79P as 
suitable for most applications and carries this balance- pot in stock. 
We offer .this service since you may find it more economical or 
convenient to order your balance pots directly from Analog 
Devices along with your amplifiers. The identical pots are· also 
available from Beckman or their stocking distributors. 

HOUSING ANO COVER 
MOLDED PLASTIC 

3 TERMINAL PINS 
GOLD PLATED 
(.04 0 WID E • .010 THICK ) 

. 10~--------~ 

.- L .D 
'-+!-------~ 

-iJ-L:o~.t~~:~,~v;~P . I F .750 .t.015 __ _ 

ADJUSTMENT SCREW 
STAINLESS STEEL 
. 100 .t. 010 OtA WITH .025 WIDE 

.125 .t. 015 

MODEL 79P 

SPECIFICATIONS 
Tempco, max 
Input voltage, max 
Power rating 

End resistance, max 
Resolution 
Ambient temperature range 
Adjustment turns , nominal 
Sealing (immersion test) 
Temperature cycling 
Humidity cycling 
Shock 
Vibration 
Load life at 0.75 watts 
Rotational life 

±lOOppm (0 to -250ppm for 250k ohms) 
200VDC or RMS 
0 .75 watts at +25 ° C, derated to 0 

watts at + 105° C 
J. ohms 
essentially infinite 
-55°C to +105°C 
15 
meets MIL-R-22097C 
5 cycles-55°C to +105 °C 
5 cycles 
50G's 
10 to 500kz, lOG's 
1,000 hrs. at +25°C 
200 cycles 

ANALOG DEVICES RESISTANCE PRICE 
PART NUMBER 

79PR1k 
79PR2k 
79PR5k 
79PR10k 
79PR50k 
79PR100k 
79PR250k 

OHMS 
lk ±10% 
2k ±10% 
5k ±10% 
lOk ±10% 
50k ±10% 
lOOk ±10% 
250k ±10% 

(1-9) $3.00 
(10-99) $2 .75 
(100-249) $2 .50 
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MA TING SOCKETS 
AC 1002 @ $3 .50 

© 

AC 1011 @ $3 .50 

j-''' ----j 
0.1 1 ----i r-- 1. 0 :) ------1 I 

I ©©©©© ,,, r+ 
IT "'""' 

0 . 140 01 4 

~ ·~ES 

AC 1014@ $3.50 

C' SNK 
2. HOLCS 

2.10------< 

1---,_,, I 

zoo- --- -; 

AC 1022@ $3.00 

AC 1027 ® $4.00 
0 , 1610 1A 

~· ~~~E S 

T ~@ 
(§) - ® 
® ® 
0 ® 
® - "" ·O· ""' 

,, ~--~ 

-o .roo~ 

AC 1034 @ $3 .00 
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0 ,17 

AC 1003 @ $2.75 

Cl.1 4 00IA 
<:'S N ~ 
4"0L ES 

,::;- 0- © © 0-
-'--.-~----~ 

I"" - l. 620------.l r-- 0 . 19 

~--2 .00-~ 

AC 1012@ $4.00 

AC 1016@ $3 .00 
AC 1039 @ $3 .00 

I '·" 
0.17--1 r-- 1.0~ 

11@©©©@ 

"' 

Hi>"""" - '"'· 
AC 1023 @ $3 .50 

r-= (Q) © 
I l © © 

'U·" "" © © © © 
© © 
© -{t-

AC 1032@ $3.50 

IT © 
"' © ..... © 

© © 
© A ©l 

' '::(' (Q) 

'·" L '_J 1,2 6 

AC 1007 @ $7 .50 

I 
"-'" 

AC 1010 @ $3. 00 

0 . 140 DIA 

~ · ~:c s 

AC 1013 @ $3.50 

0 

0 

- _J 

AC 101 7 @ $6.00 

AC 1024@ $3.50 

----- 0 : 14 0 Olli 
\ C SNll 

2"10LES 

Ir © : g 
"' © © 

li 
© 

" © © 
© © 

--Ot- © 

L,~,_J 
AC 1033@ $7.50 

f EEOTHROUG H HOLE 
FOR H0. 24 BUSS WIRE 

AC1037 @ $3.00 

<O 0 

<O 0 

o-

0 

-I 

H--1 
@ @ 

@ @ 0 ~ +: 
@ @ 



MECHANICAL OUTLINES 
CONVERTER PRODUCTS 

GENERAL NOTES: 

• All pinning diagrams are terminal views on 0.1" grids. 
All modules are 0.4" in height unless otherwise noted. 

• All possible pin locations are shown, even though pins 
are installed in only a portion of these locations for any 
given product . 

PACKAGE STYLES 

C-1 

I 
t 2 .00 

1 rt m q 12 -

~lb tr 'tt 
I~ til+ 
~g b- -
-q 4 
-q 3 
-q2 

I~ 

II 
~ H s o 
1--1~ g 

19 d 

B~~ 1 0 

_; 2 0 

~$ 
1 5 0 
J &q 
~? q 
2 8 0 :a: 

I 
I 

•Pin No . 29 for model MPX-SA. 
(Functional pin also used as key) 

C-5 

C-2 

Note : Pins on SHA-2 are 0.040" 
dia. gold-plated brass. 

f-----------4 .00----------1 

• Unless otherwise noted, all module pins are gold plated rodar 
(MIL-G-45 204),0.02" in diameter, and 0 .2" minimum 
length . 

• All models constructed on printed circuit boards are 
supplied with mating edge connectors. 

• All dimensions shown in -inches . 

C-3, CA-3 
C·0 .4 
CA-0 .75 ,-------,11 

i3~ 
d g 
d 

~ 
0 -
d 

-0 .q 
-0 -

~ 
-0 
d -
0 19 

18 

Note : Pins on SHA-6 are 0.040" 
dia. gold-plated brass. Pins on 
DAC-14/16QM and ADC1103 are 
0 .020"· dia . gold-plated brass. 

C-4 

T 
0 .4 

~~~~~~~~--'_j_ 

i~1~ T 
g~ -: 1.125 

g ~ t 1 0 1 

~--'--'--'-'--'-

C-8 

C-7 
,__ _____ w------< 

I I~ 
f-- 1----j 

iflf T · 0 12 130__._ 

•

0 

I 1°-
.. 0 • 0 ~ 

• O .- 0 -
..-0 • 0 ~ 
+<i ! I . o- 1.5 

• O I t o 1 -o I o _ 
10 I o . 
10 0 ~ 

0 o -
• 0 1 l 2 4 0 -+-
I • ++t-

Note: Pin 1 is identified with 
a mark on the top surface 
and with a colored glass bead 
sealer on the bottom. 
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MOUNTING BOARDS 

MODEL NO. MOUNTING BOARD 

ADC-I AC1500 
ADC-QM AC4451 
ADC-QU AC4451 
ADC-8S AC4751 
ADC-lOZ AC1504 
ADC-12QZ AC1548 
ADCllOO AC1550 
ADC1103 AC1549 
DAC-lOZ AC4102 
DAC-12QZ AC4516 
DAC-QM AC4494 
DAC-QS AC4516 
DAC-M AC4102 
MDA-lOZ AC4102 
MDA-lOF AC4159 
MDA-llMF AC1509 
MPX-8A AC6160 
SHA-lA AC4102 
SHA-2A AC1503 
SI-IA-3 AC4102 
SHA--4 AC4102 
SHA-5 AC4102 
SHA-6 AC1508 

B 

22 

.375 

l--1.788- _,_- 1.788----J 

NOTES: 

3 " SQ . 

.12 
TYP 

BOARD DIMENSIONS PRICE (1-9) 
A B 

4 1h
11 

x 6
11 

4 'h
11 

x 3%
11 

4 \/2
11 

x 3%
11 

4 1h
11 

x 6
11 

4 'h
11 

x 6
11 

4 1/2
11 

X 6
11 

4 'h
11 

x 6
11 

4 \/2
11 

x 6
11 

see outline 
4 y," x 3%

11 

4 1h
11 

x 3%
11 

4 'h
11 

x 3%
11 

see outline 
see outl ine 
4 \/2

11 

x Z1/.i
11 

4 \/2
11 

X 6
11 

4 \/2
11 x 2 v, " 

see outline 
4 'h

11 
x 2 ':4

11 

see outline 
see outline 
see outline 
4 'h

11 

x 6 11 

.12 TYP 

$60 . 
$25. 
$25. 
$25. 
$25. 
$25 . 
$25. 
$25 . 
$15 . 
$40 . 
$40 . 
$40 . 
$15. 
$15 . 
$15. 
$25. 
$40 . 
$15. 
$35 . 
$15 . 
$15. 
$15 . 
$15. 

#43 (.0890) DRILL 
4 HOLES 

TURRET 
TERMINAL (28~ 

~ 
~ 
~ 
~ 
~ 
o-0 
0--0 

PIN SOCKET 
2 -330808 -8 (29) 

1. Materi al: 1/16" G-10 glass epoxy per MIL-D-139, 2 oz. cop per clad with solder plating. 
Edge connecrors gold plated per MI L-G-45 204 . 

2. Mari ng ci nch connecror supplied with m oun ting board. 
3. Trim adjusrment pots mounted on boards (when applicable). 

198 MECHANICAL OUTLINES 



MECHANICAL OUTLINES 
DIGITAL PAN.EL METERS 

MODEL AD2001 

OVERALL DIMENSIONS 

1.53 
MAX 

MODELS AD2002, AD2003 , AD2004, AD2010 

OVERALL DIMENSIONS 

MODEL 

AD2002 
AD2003 
AD2004 
AD2010 

ALL DIMENSIONS ARE IN INCHES 

1.84 
MAX 

J 
i-10 

Di 

1.520 
2.020 
2.520 
0.750 

T 

RECOMMENDED 
PANEL CUT OUT 

1.60 ±0.01 5 

Dz 

2.020 
2.800 
3.300 
1.400 

l.__________, 

T 
1.810 

±0.015 

'------3.00 ! 0.015------<•.-.ll 

RECOMMENDED 
PANEL CUT OUT 

l~-
.... , __ ___ 3.175 ±0.015 --------<! 
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MECHANICAL OUTLINES 
LINEAR INTEGRATED CIRCUITS 

CN2 

r05501 
L_i l~~~0 .~125 

0 .160 

NOM .r- t--~ 0 .017 
DIA . 

0 .500 MIN 

l 

~----+-2 0 - + 0.400 

45° 

10 12 10 
o 0~o-r----~ 

V, 11 

~~0 . 031 

T0-99 

~0 335~ 
I o .3o5 I 

.----~ 0 .040 0.185 MAX 

0 .165 ~ 

4t- it' INSULATOR 
MIN o~ 0 ~~ 0.050 MAX 

8 LEADS 
0 .370 DIA O.Olg 
0 .335 0 .016 DIA 
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T0-71 

T0-99 
(Modified) 

REF PLANE 

0 16 5 

! SEATING PLANE 

I o 50 

o 185 I 
03 ~35 ·---+u =1 
0 370 I I 
~ : 
o 355 I 
1-- = 

I 
0 40 MAX ~~ 

~ ~~~ ht--

M IN 

T0-78 

T0-100 

Rff . PLANE 

SEATIN G PLANE 



FPl 

0 ~er =====i~ _____ _;=====1 0~80 .----- · -

.--====1 
0 .20 TYP 
L_ c:=:::=:::- -

0 .100 

-- 0 .750 _.__ 0 .600~ 0 .750--
MIN MAX MIN 

24 PIN MOLDED PACKAGE 

l- 203 

MINI-DIP 

020 DIA: 002 
OXYGEN FR EE 
COPPER W IRE 
60/ 4 0 SOl DER 
COATED 

r·~~~~ 
0080 0

6 

---, l_ 0.250 

ti __'..'.'.:L2 

Ir 
0 .3101-i +-'--- 4 · O 005 0.085 
- 0 .030 

A IT ~~o. 130}0 .002 
0.030 ~ 1 1 ~ - I 0!~0125M IN 

,~0do01 _j~ 0 325 j o 040 TYP _j l.-
00 .025 

14 

T0-116 
14 PIN 

_, ' 030 
- I r 070 

8 

:::.-+::::::: I 220 280 

_i 
1 7 

\.-- 660 _ 
785 

~· 200 
M f-X , WO~N--

' 11--r 
l 020 _, 

100 --I t-- 030 

TYP REF _...,t-- ~~SJ 

CE RAMI C 
DIP PACKAGE 

!D SUFF IX ! 

SEATI N G 
,.... PLANE 

.___ 290 ~ 

~ 
o• TO 15°.._ ,,.k' 

NOTE LEAD NO 1 IDE NT IFIED BY COLOR DOT OR N OTCH 

M EC HANI CAL IN DEX POINT OR NOTC H tN PIN 

MP72 

0 5 
O.Ji°O 0 .200 I 

f 0 .200 

2 0-
- 0 4 ---

10-
0 .100 0 .200 

-· --. 
- O J 

I ~ 0400..j?{ gg~~ ~'t,.TE 
- a.soo- KOVAR LEADS 

0 - 1 
0 .500 MA X 

T0-87 

___J_ 
0 .250 
0 .280 

----i-

FLAT PACK {SUPPLIED 

""°': i" ... r·~.:: , .. ., 145 0 4 5 ___t - ' 
155 055 i: 010 
i - 0 19 ;~00 

0 9 5 
105 I 

030 
070 ]_ 

010 .....,. -
MIN 

003 
006 

- -- 070 
M IN 

N OTE LEAD NO T IDENTIFIED BY COLOR DOT 
M ECHANI CAL IND EX POINT OR NOT CH IN PIN 

24 PIN DIL 

r------ 1290 __ 
I , 230 .re 0 515 

l_ 
I 1 0 100 

-, l-004 0 1 0 600 

o 200 j, NO M 

·r~I: ~::.,,. GA 
---. PLAN E 

I 

0 011 

~ ~:: ~Oro 0 037 ± ------- 0 750 -=r-0 009 
0 110 0 027 0 0 16 

1 
MA X 

SEE 
NOTE 

NON CU M U LATIVE 

16 

T0-116 
16 PIN 

--1 f-- 0 030 
I ! o 010 

{
SEATIN G PL ANE 1 -0 6 6 0 - - - ' 0 290 

o 14 0 ! --i-:.~o/ J__~f-~o 310 ~ 
T 0008 I I 1 a 015 

I 
' 11 .-0 020 __J , __ 

0~~~ o 030 \ 
0 100 TYP AHi ~ - 0 TO 15 

__,~gg;~ 
NOH. LEAD N O I IDE N TIFIED BY COLO R DOT OR NOTC H 

M ECHANICA L IN DE X PO INT OR NO TCH IN PIN 
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BUSINESS GUIDE 

The following minimal procedures are designed to make it as 
convenient as possible for you to conduct business with us. 
Any questions regarding products, applications or service 

can be referred to any office listed in the Worldwide Service 
Directory or to our Norwood headquarters . 
PLACING AN ORDER 
When placing an order please provide specific information 
regarding model type, number, option designations, quantity, 
ship-to and bill-to address . Prices quoted are list and do not 
include applicable taxes , customs or shipping charges . .Unless 
otherwise requested , all shipments are FOB, factory . 

ORDERING INSIDE THE UNITED STATES: Orders may be 
placed with our local representative in your area, or directly 
with Norwood . Orders may be telephoned, sent via TELEX 
or TWX or mailed . Orders are acknowledged upon receipt; 
billing and delivery information is included. 

ORDERING OUTSIDE THE UNITED STA TES : All orders 
should be placed with the local representative serving your 
country . Where there is no local representation , orders may 
be forwarded directly to Norwood . T ELEX facilities are 
available for such international requests. 

RETURNS AND WARRANTY SERVICE 
Product warranties are uniform worldwide . Defective units 
being returned for servicing should be accompanied by a 
statement outlining the nature of the failure and the applica
tion in which the failure occurred . Upon receipt of the defec
tive unit, notices will be issued, when applicable, regarding 

202 BUSINESS GUIDE 

warranty status, cost for repair, or nonrepairability . Applicable 
credjts are issued immediately, and replacement units sched
uled . Repairable units out of warranty will be serviced, upon 
customer authorization, on a quoted time/material charge 
basis . Where practical, we request that all defective units, 
serviceable or not, be returned so we may include them in 
our on-going product reliability program . 

RETURNS INSIDE THE UNITED STATES : All defective 
units should be sent to our Norwood location to the attention 
of our "Returns Department." Consultation with the local 
representative, although suggested, is not required . 

RETURNS OUTSIDE THE UNITED STATES : All defective 
units should be brought to the attention of the local repre
sentative who will instruct you as to the disposition of the 
unit . For improved customer service , a complete repair depot 
is located in our Munich office; limited repair facilities are 
also located in England and Japan. From those countries not 
served by representatives , defective units should be forwarded 
directly to Norwood. 

EVALUATION SAMPLES, SPECIAL SERVICES, 
PRICE OFFERS 
To assist you in final product selection , we can make available , 
through our local representatives , evaluation samples of our 
products . However, offers for such samples , price promotions , 
and special services promoted by Analog Devices, Inc . through 
U.S .-based publications, are not necessarily available abroad 
in the same form. 



To assist you in understanding our products and how to use 
them we maintain an active technical communications program 
which produces many forms of documentation in addition to 
this comprehensive PRODUCT GUIDE. All of the material in 
our "library" has been prepared by our engineering and mar
keting staffs. The following summarizes the more popular liter
ature offerings currently available. Please direct requests for 
this material by title to our Norwood headquaners, overseas 
representative offices, or European literature depot. 

DAT A SHEETS : All standard products are supported by de
tailed data sheets which provide specifications and all other 
information necessary to apply our products. Many data 
sheets also contain extensive supplementary application data . 
Order data sheets by model type and number. (Free) 

ANALOG DIALOGUE : This international technical jour-
nal is published approximately six times per year and contains 
articles on state-of-the-art techniques, application notes, new 
product descriptions and a variety of other information about 
Analog Devices and the current technical thought. User articles 
are welcome. (Free) 

ANALOG-DIGITAL CONVERSION HANDBOOK: This 400 
page treatment of AID and DI A conversion was prepared by 
the engineering staff of Analog Devices. Heavily applications 
oriented, this HANDBOOK explains what AID and DIA 
converters are, what role they play in the data handling 
environment , how they are applied, and how they are 
specified . It contains more than 250 reference tables and illu
strations and is written primarily for the practicing design 
engineer. U.S. $3 .95 or foreign currency equivalent. 

LITERATURE 
APPLICATION NOTES : A limited quantity is in stock on the 
following subjects. Many of these appeared in trade magazines 
and in technical papers and seminars given by Analog Devices. 

High Performance Monolithic Instrumentation 
Amplifier (AD520) 

ADS 30, Complete Monolithic Multiplier/Divider 
Applying the AD504 Precision JC Operational Amplifier 
AD513, ADS 16 IC FET Input Operational Amplifiers 
AD503, AD506 IC FET Input Operational Amplifiers 
"Computational Module Stresses Applications Versatility," 

ELECTRONICS reprint on Model 43 3 multifunc
tion module . 

"New Applications Open Up for the Versatile Isolation 
Amplifier," ELECTRONICS reprint . 

ADC-I Dual Slope Integrating AID Converter 
"The Multiplying DIA Converter," ELECTRONICS 

PRODUCTS reprint. 
Designing with µDAC Monolithic IC D/ A Converter 

Components 
High Speed Versatile DIA Quad Current Switch 
Circuit Advantages of Chopper Stabilized Opera

tional Amplifiers 
Designing with Chopper Stabilized Operational Amplifiers 
Design of Temperature Compensated Log Circuits Employ

ing Transistors and Operational Amplifiers 
Understanding Multiplier/Divider Circuits 
" Applications for Instrumentation Amplifiers ," 

ELECTRONICS PRODUCTS reprint 

"16-Bit Data Conversion ," a two part article 
from ELECTRONICS 

"How to Really Look at Low Drift IC Op Amps," an 
ELECTRON ICS reprint 
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INDEX (PRODUCT CLASSIFICATION) 

Model 

Amplifiers, Instrumentation 

ADS20j Low Drift, Monolithic 
602j/K Fixed Gain, Low Drift 
603j/K/L General Purpose, Economy F.ET 
60Sj/K/L Low Drift, Bipolar Input 

Amplifiers, Isolation 

272J Unity Gain, lµA and SkV Isolation 
273]/K Unity Gain, lµA and SkV Isolation 
274j Adjustable Gain, lµA and SkV Isolation . 

Amplifiers, Logarithmic 

433J/B Multi-Function Module. 
7S 1 N/P Temperature Compensated Log Element . 
752N/P Versatile Log/Antilog Amplifier Element . 
755N/P Complete Log/Antilog Amplifier 
756N/P Complete Log Ratio Amplifier . 

Amplifiers, Operational (Discrete.) 

40j/K General Purpose FET - Low Bias 
41J/K/L General Purpose FET - Ultra Low Bias 
42J/K/L Ultra Low Bias FET 
43J/K General Purpose FET - Low Bias . 
44J/K Wide Bandwidth - Fast Settling 
45J/K Wide Bandwidth - Fast Settling 
46j(K Wide Bandwidth - Fast Settling 
47A/B Wide Bandwidth - Fast Settling 
48J/K Wide Bandwidth - Fast Settling 
50J/K Wide Bandwidth - Fast Settling 

118A/K 
119A/K 
120A/B 
146J/K 
153J/K 
163A/K 
16SA/K 
171J/K 
180J/K 
184J/K/L 
210 
211 
231J/K 
233J/K/L 
234 J/K/L 
260J/K 
261J/K 
310J/K 
310J /K 
311 J /K 
BlOO 

(lOOmA Output) . 
General Purpose ~ Moderate Performance 
General Purpose - Moderate Performance 
Wide Bandwidth - Fast Settling . 
General Purpose FET - Low Bias. 
Low Voltage Drift - Differential Input 
High Output Voltage, Current . 
High Output Voltage, Current . 
High Output Voltage, Current . 
Low Voltage Drift - Differential Input 
Low Voltage Drift - Differential Input 
Low Voltage Drift - Chopper Stabilized . 
Low Voltage Drift - Chopper Stabilized . 
Low Voltage Drift - Chopper Stabilized . 
Low Voltage Drift - Chopper Stabilized . 
Low Voltage Drift - Chopper Stabilized. 
Low Voltage Drift - Chopper Stabilized . 
Low Voltage Drift - Chopper Stabilized . 
Electrometer - Ultra Low Bias Current 
Varactor Bridge . 
Electrometer - Ultra Low Bias Current 
High Output Voltage, Current . 
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Page 

160, 56 
56 
56 
56 

58 
58 
58 

135 
141 
141 
141 
141 

40 
40, 52 

52 
40 
44 
44 
44 
44 
44 

44, 54 
38 
38 
44 
40 
50 
54 
54 
54 
50 
50 
48 
48 
48 
48 
48 
48 
48 
52 
52 
52 
54 

Amplifiers, Operational (IC) 

ADlOlA Low Cost, General Purpose . 
AD108/108A Low Is , High Accuracy Bipolar 
AD201A Low Cost, General Purpose . 
AD208/208A Low Is , High Accuracy Bipolar 
AD301A Low Cost, General Purpose . 
AD301AL Lowest Cost , High Accuracy 
AD308/308A Low Is , High Accuracy Bipolar 
AD501A/B/C FET Input General Purpose 
ADM501A/B/C FET Input General Purpose 
ADP501A/B/C FET Input General Purpose 
AD502J/K/L . Low Input Current, 709, 

741 Replacements 
AD503 J/K/S Low Cost FET Input 
AD504J/K/L/M Low Drift , Low Noise 
AD505J/K/S High Speed 
ADS06J/K/L/S High Accuracy FET Input 
AD507J/K/S Wideband , Fast Slewing, General Purpose 
ADS08J/K/L Chopperless, Low Drift . 
AD509J/K/S High Speed, Fast Settling 
AD511A/B/C FET Input General Purpose 
ADP511A/B/C FET Input General Purpose 
AD512K/S High Output Current 
AD513J/K/S High Speed FET Input 
AD516J/K/S High Speed FET Input 
ADS18J/K/S High Speed Low Cost 
AD523J/K/L Electrometer FET Input 
AD540J Low Cost FET Input 
AD741/C Low Cost, General Purpose. 
AD741J/K/L/S Lowest Cost, High Accuracy 
AD801A/B/S Low Input Current, 709, 

741 Replacements 

Amplifiers, Sample & Hold 

SHA-lA High Accuracy - High Speed 
SHA-2A High Accuracy - Very High Speed 
SHA-3 High Accuracy - Long Hold Time 
SHA-4 High Accuracy - Reduced Transients 
SHA-5 General Purpose - Economy . 
SHA-6 High Resolution - Very High Accuracy 

Comparators 

350A/B/C FET Modular 
AD351J/K/S Monolithic 

Converters, Analog-to-Digital 

ADC-8, lOF High Speed 
ADC-8, lOH Low Cost General Purpose . 
ADC-14 , 171 Dual Slope 
ADC-8, 10, 12Q High Performance General Purpose 
ADC-16Q High Resolution 
ADC-12QL Low Power 
ADC-8, 10, 12QM High Performance General Purpose 

169 
166 

38, 169 
38, 166 

169 
38, 158 

166 
15S 
1S5 
lSS 

167 
40, 15 3 
SO, 157 
44, 162 
40, 151 
44, 163 
SO, 159 
44, 164 
40, 1S6 

156 
54, 168 
40, 152 
40, 152 
44, 165 
52, 154 
40, 153 

169 
38, 1S8 

167 

100 
100 
100 
100 
100 
100 

61 
61 

94 

97 
98 
92 



ADC-8, 10, 12QU 
ADC-12QZ 
ADC-SS 
ADC-lOZ 
ADC-1100 
ADC- 1103 

High Performance General Purpose 
Low Cost General Purpose 
Low Cost General Purpose 
Low Cost General Purpose 
Dual Slope 
Fast 

Converters, Digital-to-Analog 

DAC-lODF Fast Display . 
DAC-8, 12M Multiplying . 
DAC-8, 10, 12Q High Performance General Purpose 
DAC-8, 10, 12QM High Performance General Purpose 
DAC-14 , 16QM High Resolution 
DAC-QG High Resolution 
DAC-8, 10, 12QS High Performance General Purpose 
DAC-12QZ Low Cost General Purpose 
DAC-lOZ Low Cost General Purpose 
MDA-lOF Fast Display . 
MDA-1 lMF Multiplying . 
MDA-12QD Military Grade 
MDA- lOZ Low Cost General Purpose 

Converters, Synchro 

SDC Series 
TSC Series 
API 1617 
DSC Series 
SSD Series 

Single Speed , Tracking, Synchro to Digital 
Two Speed, Tracking, Synchro to Digital 
Angle Position Indicator 
Digital to Synchro . 
Multiplexed Synchro to Digital 

Conversion Components, µDAC 

ADS SO Monolithic Quad Current Switch 
ADSSl Monolithic Quad Current Switch 
ADSS2 Monolithic Quint Current Switch 
ADS SS Monolithic Quad Voltage Switch 
ADSSO 12-Bit Binary Resistor Network 
AD8Sl 12-Bit BCD Resistor Network 
AD8S2/8S3 12-Bit Binary Resistor Pair 
ADSSS 12-Bit R-2R Resistor Network 

Digital Panel Meters 

AD2001 
AD2002 

AD2003 
AD2004 
AD2010 

317 Digit, OEM Applications 
217 Digit , Low Cost Analog 

Meter Replacement 
317 Digit, High Performance 
4 17 Digit, High Performance , Isolated Input 
317 Digit , General Purpose, Ratio. Option 

Mui tipliers/Dividers 

422A/K 
424J/K 
42SJ/K 

Wideband Variable Transconductance Type 
High Accuracy PWH Type . 
Highest Accuracy External Trim PWH Type . 

92 
90 
90 
90 
94 
96 

82 
86 

80 
84 
84 
80 
78 
78 
82 
86 
88 
78 

102 
102 
104 
lOS 
lOS 

174, 17S 
174, 17S 
174, 17S 
174, 176 
174, 177 

177 
174, 177 
174, 177 

116 

116 
116 
116 
11 6 

129 
129 
129 

426A/K/ L 
427J/K 
428J/K 

429A/B 

432J/K 
433]/B 
434A/B 
ADS 30J/K/L/S 
ADS31J/K/L/S 
ADS 32J/K/S 

Multiplexer 

MPX-8A 

Genera l Purpose Transconductance Type 
Highest Accuracy Internal Trim PWH Type 
High Performance Variable 

Transconductance 
Wideband High Accuracy Variable 

Transconductance Type 
Economy Variable Transconductance Type 
Multi-Function Module. 
Multi -Function Module . 
General Purpose Monolithic 
Programmable XY/Z, Monolithic 
Internall y Trimmed , Monolithic 

High Speed MOSFET 

Power Supplies 

902 
903 
904 
90S 
91S 
920 
MPDS-lSOA 
MPDS/7SOA 
MPDlS/lOOA 
MPD1S/300A 

Dual Op Amp Supply 
Logic Supply 
Dual Op Amp Supply 
Logic Supply 
Dual Op Amp Supply 
Dual Op Amp Supply 
Logic Supply 
Logic Supply 
Dual Op Amp Supply 
Dual Op Amp Supply 

Transistors, Monolithic Dual FET 

AD830-833 Ultra Low le 
AD840-842 Ultra Low Noise 
AD39S4-39S8 
ADS90S-S909 

Excellent Matching Characteristics 
Low le 

Transistors, Monolithic Dual NPN 

AD810-813 Excellent Matching Characteristics 
AD814-816 "Superbeta" 
AD818 Log Conformance 

Transistors, Monolithic Dual PNP 

AD820-822 Excellent Matching Charac teristics 

Accessory Products 

Amplifier Mating Sockets 
Converter Mounting Boards 
Model 194 Op Amp Manifold 
Model 9SO Power Supply Manifold 
Trim Potentiometers 

*Non-current products not listed in this PRODUCT GU ID E. 
Data is avail able upon request. 

129 
129 

129 

129 
129 
13S 
13S 

129, 171 
129, 172 
129,173 

99 

144 
144 
144 
144 
144 
144 
14S 
14S 
14S 
14S 

182 
184 
178 
180 

186 
187 
188 

189 

196 
198 
145 
14S 
19S 
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INDEX (MODEL NUMBER) 

Model# ·Page Model# Page Model# Page Model# Page 

40)/K 40 603)/K/L 56 AD551 174, 175 DSC1622/1623 105 
41)/K/L 40, 52 605)/K/L 56 AD552 174, 175 IM DA-F 82 
42)/K/L 52 751N/P 141 AD555 ·174 , 176 IMDA-llMF 86 
43)/K 40 752N/P 141 AD741/C 169 IMDA-12QD 88 
44)/K 44 755N/ P 141 AD741J/K/L/S 38, 158 jMDA-lOZ 78 
45)/K 44 756N/P 141 AD801A/B/S 167 IMPD5/150A 145 
46)/K 44 902 144 AD810-813 186 IMPD5/750A 145 
47A/B 44 903 144 AD814-816 187 IM PD15/100A 145 
48) / K 44 904 144 AD818 188 IM PD15/300A 145 
50)/K 44,54 905 144 AD820-822 189 jMPX-8A 99 
118A/K 38 915 144 AD830-833 182 

119A/K 38 920 144 AD840-842 184 SDC1602 102 

120A/B 44 950 145 AD850 174, 177 SDC1603 102 

146)/K 40 169 AD851 177 SDC1604 102 
AD101A 

AD852/853 174, 177 SDC1605 102 
153)/K 50 AD108/108A 166 

AD855 174, 177 SDC1606/1610 102 
163A/K 54 AD201A 38, 169 SDC1607 /1610 102 
165A/K 54 AD208/208A 38 , 166 AD2001 116 

SDC1608/1610 102 
171)/K 54 AD301A 169 AD2002 116 

SDC1609/1610 102 
180)/K 50 AD301AL 38 , 158 AD2003 116 
184)/K/L 50 AD308/308A 166 AD2004 116 SHA-IA 100 
194 145 AD3 S lJ/K/S 61 AD2010 116 SHA-2A 100 

210 48 ADSOlA/B/C lSS AD39S4-39S8 178 SHA-3 100 

211 48 ADMSOlA/B/C lSS ADS90S-S909 180 SHA-4 100 

231)/K 48 ADPSOlA/B/C lSS ADC-1100 94 SHA-S 100 

233)/K/L 48 ADS02J/K/L 167 ADC1103 96 SHA-6 100 

234)/K/L 48 ADS03J/K/S 40, 1S3 ADC-I 94 SSD1627 lOS 
260)/K 48 ADS04J/K/L/M so, 1S7 ADC-16Q 97 SSD1628 lOS 
261)/K 48 ADSOSJ/K/S 44, 162 ADC-12QL 98 SSD1629/ 
272) S8 ADS06J/K/L/S . 40 , lSl ADC-QM 92 SDC1610 lOS 
273)/K S8 AD507J/K/S 44 , 163 ADC-QU 92 SSD1630/ 
274) S8 ADS08J/K/L so, 1S9 ADC-12QZ 90 SDC1610 lOS 

310)/K S2 ADS09)/K/S 44 , 164 ADC-BS 90 SSD1631 lOS 

311)/K S2 ADSllA/B/C 40, 1S6 ADC-lOZ 90 SSD1632/ 
ADPS 1 lA/B/C 1S6 API 1617 104 

3SOA/B/C 61 SDC1610 lOS 
BlOO S4 SSD1633 lOS '422A/K 129 ADS12K/S S4, 168 

424)/K 129 ADS13J/K/S 40, 1S2 DAC-lODF 82 SSD1634 lOS 

42SJ/K 129 ADS16J/K/S 40, 1S2 DAC-M 86 SS'Dl636 lOS 

426A/K/L 129 ADS18J/K/S 44, 16S DAC-QG 84 jsSD1637/ 

427)/K 129 ADS20J/K/S S6 , 160 DAC-QM 80,84 SDC1610 lOS 

428)/K 129 ADS23J/K/ L S2 , 1S4 DAC-QS 80 jTSC1611 102 
429A/B 129 ADS 30)/K/ L/S 129, 171 DAC-12QZ 78 jTSC1612 102 
432)/K 129 ADS 31)/K/L/S 129 , 172 DAC-lOZ 78 

trsc16l3/ 
433)/B 13S ADS32J / K/S 129 , 173 DSC1619 lOS SDC1610 102 
434A/B 13S ADS40J 40, 1S3 DSC1620 lOS trSC1614/ 
602)/K S6 ADS SO 174, 17S DSC1621/1623 lOS SDC1610 102 
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WARRANTY 

STANDARD TERMS : All Analog Devices, Inc. products are warranted against defects in workmanship, 
materials, and construction under normal use and service for a one year period from date of shipment, 
except that liability for defective components shall conform and be limited to the obligations of the original 
manufacturer's warranties covering these components. This warranty does not extend to any of our products 
which have been subjected to misuse, neg lect, accident or improper installation or application. Nor shall it 
extend to products which have been repaired or altered outside of our factory . Analog Devices will repair or 
replace the defective products in accordance with its own best judgment. 

EXCEPTION: Each new digital panel meter manufactured and/or sold by Analog Devices is warranted to 
be free from defects in material and workmanship for one year. Should a failure resulting from defects in 
material or workmanship occur within ninety (90) days after shipment, such failure will be repaired and the 
unit recalibrated and tested at no charge. Non-catastrophic failures resulting from misuse, neglect, accident 
or improper installation or application, wil l be repaired for a flat charge of $25.00 during this period. 

For a period from ninety (90) days to one year after shipment, non-catastrophic failures, regardless of cause, 
will be repaired at a flat charge of $25.00. 

WAR RAN TY SERVICE : For service under this warranty, please advise promptly the factory, or represent
ative if outside the United States, of all pertinent details. Transportation charges covering return of defective 
products to our factory shall be at our expense if such products are determined to be defective within the 
limitations of this warranty. 

Analog Devices, Inc. requests immediate notification for any claims arising from damage in transit in order to 
determine if carrier responsibility exists. 

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility 
is assumed by Analog Devices for its use; nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by implication or otherwise under any patent 
or patent rights of Analog Devices. 

Prices and specifications are subject to change without notice. 
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