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THIS VOLUME 
Contains Data Sheets, Selection Guides and a wealth of background information on a wide variety of special linear components 
for analog signal processing. 

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

IF YOU KNOW THE MODEL NUMBER 
Turn to the product index at the back of the book and look up the model number. You will find the Volume-Section-Page 
location of any data sheet in this volume or its companion manual, the Amplifier Reference Manual. You will find additional 
references for all other Analog Devices product categories currently available. 
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sales office. 

IF YOU DON'T KNOW THE MODEL NUMBER 
Find your functional group in the list on the opposite page. Turn directly to the appropriate Section. You will find a func
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Analog Devices, a Fortune 500 Industrials company, designs, 
manufactures and sells worldwide sophisticated electronic com
ponents and subsystems for use in real-world signal processing. 
More than six hundred standard products are produced in man
ufacturing facilities located throughout the world. These facili
ties encompass all relevant technologies, including several 
embodiments of CMOS, BiMOS, bipolar and hybrid integrated 
circuits, each optimized for specific attributes-and assembled 
products in the form of potted modules, printed-circuit boards 
and instrument packages. 

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

MAJOR PROGRESS 
Since publication of the selection guides in the 1990/91 Linear 
Products Databook, Analog Devices has intrOduced more than 
120 significant new products; they run the gamut from brand 
new product and market categories and technologies to standard 
products (with improvements in price, performance, or design) 
to augmented second-source products. In addition to these new 
products, we now include the products of Precision Monolithics, 
Inc., which was acquired by Analog Devices in 1990. The com
bined company is the world's largest manufacturer of high
performance op amps and second in standard linear ICs. The 
newest special-linear products are all classified and summarized 
here, along with existing devices that are appropriate and desir
able for use in new designs. 

Examples of the variety, performance, and innovation content of 
outstanding new special-linear ICs to be found in this volume 
include: 

• ADXLSO first surface-micromachined monolithic accelerome
ter with on-chip signal conditioning-designed for airbag 
applications 

• TMP-Ol programmable low power (2 mW) temperature sen
sor and controller, -55°C to + l500c 

• AD221S0 Hall-effect gear-tooth sensor with on-chip signal 
conditioning outputs pulses for each tooth on a ferrous target 
in a magnetic field - useful in rotational speed measurements 

• AD600 and AD602 two-channel low distortion amplifiers for 
AGC with voltage-contrOlled exponential gain (0 dB to 
+40 dB and -10 dB to +30 dB) and 30 MHz bandwidth 

• AD800 and AD802 clock-recovery (45 MHz and 155 MHz) 
and data-retiming chips for phase-locked loops in data
network applications (SONET and SDH) 

• AD899 read channel-on-a-chip for hard disk drives 

Introduction 
• AD22001 "bulbwatcher" to detect failures in lamps and fuses, 

an important function in automotive applications 
• AD220S0 single-supply instrumentation amplifier for hostile 

environments -like those found in automotive applications 

Many more could have been added to this list. 

SPECIAL-LINEAR REFERENCE MANUAL 
This volume provides comprehensive technical data on Analog 
Devices analog-signal-processing products, such as multiplier/ 
dividers, rms-to-dc converters, sensors and signal conditioners, 
and devices oriented to the computer, mass-storage, automotive, 
process contrOl, and ATE markets. It is a companion to the 
Amplifier Reference Manual, which includes data on amplifier 
products, principally operational amplifiers (op amps), instru
mentation amplifiers (in amps), isolation amplifiers, and com
parators. Both are members of the series of Analog Devices 
Reference Manuals, which includes the AudiolVideo Reference 
Manual and the two-volume Data Converter Reference Manual. 

In the approximately 800 pages of this volume you will fmd: 

• comprehensive data sheets and package information on 80 
significant product families 

• orientation material and selection guides/trees for fmding 
products rapidly 

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

• our Worldwide Sales Directory 
• the complete Product Index to all special linear and amplifier 

products listed in these two volumes, data conversion prod
ucts listed in the Data Converter Reference Manual (Volumes I 
and II), products with audio and video signal processing 
applications listed in the AudioIVideo Reference Manual, and 
DSP products for which data sheets are available. 

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

TECHNlCALSUPPORT 
Our extensive technical literature discusses the technology and 
applications of products for real-world signal processing. Besides 
tutorial material and comprehensive data sheets, including a 
large number in our Reference Manuals, we offer Application 
Notes, Application Guides, Technical Handbooks (at reasonable 
prices), and several free serial publications; for example, Analog 
Productlog provides brief information on new products being 
introduced, and Analog Dialogue, our technical magazine, pro
vides in-depth discussions of new developments in analog and 
digital circuit technology as applied to data acquisition, signal 
processing, control, and test. DSPatch ,. is a quarterly newslet
ter that brings its readers up-to-date applications information on 
our DSP products and the general field of digital signal process
ing. We maintain a mailing list of engineers, scientists, and 
technicians with a serious interest in our products. In addition 

DSPatch is a trademark of Analog Devices, Inc. 
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to these Reference Manual catalogs-and general short-form 
selection guides-we also publish several short-fortn catalogs on 
specific product families. You will fmd typical publications 
described on pages 16-8 to 16-11 at the back of the book. 

SALES AND SERVICE 
Backing up our design and manufacturing capabilities and our 
extensive array of publications, is a network of distributors, plus 
sales offices and representatives throughout the United States 
and most of the world, staffed by experienced sales and applica
tions engineers. Our Worldwide Sales Directory, as of the publi
cation date, appears on pages 16-12 and 16-13 at the back of 
the book. 

RELIABILITY 
The manufacture of reliable products is a key objective at 
Analog Devices. The primary focus is a companywide Total 
Quality Management (TQM) Program. In addition, we maintain 
facilities that have been qualified under such standards as MIL
M-38510 (Class B and Class S) for ICs in the U.S., MIL-STD-
1772 for hybrids, and IS09000 (required by many European 
customers). Many of our products-both proprietary and 
second-source-have qualified for JAN part numbers; others are 
in the process. A larger number of products-including many of 
the newer ones just starting the JAN qualification process-are 
specifically characterized on Standard Military Drawings 
(SMDs). Most of our ICs are available in versions that comply 
with MIL-STD-883C Class B, and many also comply with 
Class S. We publish a Military Products Databook for designers 
who specify ICs and hybrids for military contracts. The 1990 
issue consists of two volumes with data on 343 product families; 
the 120 entries in the second of those volumes describe qualified 
products manufactured by our PMI Division. A newsletter, 
Analog Briefings$, provides current information about the status 
of reliability at AD!. 

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

Analog Briefings is a registered trademark of Analog Devices, Inc. 
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PRODUCTS NOT FOUND IN THE SELECTION 
GUIDES 
For maximum usefulness to designers of new equipment, we 
have limited the contents of selection guides to standard prod
ucts most likely to be used for the design of new circuits and 
systems. If the model number of a product you are interested in 
is not in the Index, turn to page 16-4 at the back of this volume 
where you will find a list of older products for which data sheets 
are available upon request. On page 16-5 you will fmd a guide 
to substitutions (where possible) for products no longer 
available. 

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

PRICES 
Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists andlor 
quotations are available upon request from our sales offices and 
distributors. 
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More Bandwidth 
(60 MHz, Current Output) 
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Most Bandwidth 
(> 500 MHz, Current Output) 

AD834 
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High Accuracy 

AD734 
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Selection Guides 
Analog Multipliers/Dividers 

Multipliers/Dividers 
BW Accuracy Supply Output Voltage 

Model MHz typl % FS max Voltage Swing 

AD834 >500 ±2 +4 V to ±9 V 
AD539 60 ±1.5-2.5 ±4.5 V to ±15 V 
AD734 10 ±0.25-O.4 ±8 V to ±16.5 V ±12 V min 
AD633 ±2 ±8 V to ±18 V ±11 V min 
ADS32 ±1-2 ±lOVto±22V ±10 V min 
AD632 ±O.5-1 ±8 V to ±22 V ±ll V min 
ADS34 I ±O.25-1 ±8 V to ±22 V ±llVmin 
AD538 0.4 ±0.5-1 ±4.5 V to ±18 V ±11 V 

Modulator/Demodulator 
Unity Gain Output 
BW Slew Rate Voltage Package 

Model MHz' Gain V/I'-S Swing Options2 

AD630 2 ±I, ±2 45 ±10 V min 1,2,4 

'Unity gain small signal bandwidth. 

Package Temp 
Options2 Range3 Page Comments 

2,3,6 C,I,M 2-fJ7 Very High Speed, 4-Quadrant MultlDiv 
1,2,4 C,M 2-27 High Speed, 2-Channel, 2-Quadrant Mult/Div 
2,3 I, M 2-55 Very High Accuracy Replacement for AD534 
2,6 C 2-47 Low Cost, 4-Quadramt Multiplier 
1,4,7 C,M 2-9 Accurate 4-Quadrant Mult/Div 
I, 7 I, M 2-43 High Accuracy Replacement for AD532 
1,4,7 C,M 2-15 High Accuracy, 4 Quadrant Mult/Div 
1 I,M 2-23 Simultaneous MultlDivlExponentiator 

Temp 
Range3 Page Comments 

C,I,M 2-35 Balanced ModulatorlDemodulator with 10 V FS Output 

ZPackage Options: 1 = Hennetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOle" Package; 
7 = Hermetic Metal Can; 8 = Hennetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 
Glass DIP; 14 ~ J-Leaded Ceramic Package; 15 ~ Ceramic Pin Grid Array; 16 ~ TO·92; 17 ~ Plastic Pin Grid Array. 

3Temperature Ranges: C = Commercial, O°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to +125°C. 
Boldface Type: Product recommended for new design. 

:b. *New product. 
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Orientation 
Analog Multipliers/Dividers 
The devices catalogued in this section are high-performance ICs 
that accept analog voltages and multiply, divide, square and/or 
square-root them, depending on device properties and connections. 
Other multiplying devices available from Analog Devices include 
digital multipliers (DSP data sheets available) and multiplying 
D/A converters (Data Conwrter Referena MantuJI). 

Multiplication: For two inputs, V x and Vy, a multiplier will 
provide the outpUt, E..n = V x V,.tE,.c, where Em is a dimensional 
constant, usually of lOY nominal value. If Em= lOY, Bout = lOY 
when Vx and Vy are lOY. Multipliers are used for modulation 
and demodulation, fixed and variable remote gain adjustment, 
power measurement and mathematical operations in analog 
computing, curve fitting and linearizing. 

If the inputs may be of either positive or negative polarity and 
the output polarity is in a correct relationship for multiplication, 
the device is called a "four-quadrant" multiplier, reflecting the 
four quadrants of the x-v plane. 

SqtUJring: If V x = Vy = V in, a multiplier's output will be V in 2/Em. 
A four-quadrant multiplier, used as a squarer, will have an out
put that is positive whether V in is positive or negative. Squarers 
are useful in frequency doubling, power measurement of constant 
loads and mathematical operations. 

Division: For a numerator input, V., and a denominator input, 
Vx, an analog divider will provide the output, Bout = E..tN.lVJ. 
If Em = lOY, Bout will be lOY or less for Vz '" Vx' Vx is ofa 
single polarity and will not provide meaningful results if it 
approaches zero too closely. If V z may be of either positive or 
negative polarity, the device is described as a "two-quadrant" 
divider, and the output will reflect the polarity of V z. Analog 
dividers are used to compute ratios- such as efficiency, attenuation, 
or gain; they are also used for fixed and variable remote gain 
adjustment, ratiometric measurements and for mathematical 
operations in analog computing. 

Square Rooti1lg: For a numerator input, V in, and a denominator 
input, Eo (the output fed back to the denominator in~ the 
output of a divider is Eo = Em (V inlE.); hence Eo = V in' 
A square rooter works in one quadrant; some devices require 
external diode circuitry to prevent latchup if the input polarity 
changes, even momentarily. Square roots are used in vector and 
rms computstion, to linearize flowmeters, and for mathematical 
operations in analog computing. 

CHOOSING A MULTIPLIER, DIVIDER, ETC. 
A number of devices are listed here, differing in internal ar
chitecture, external functional configuration and performance 
specifications. Most have essentially fixed references; the AD538 
is a multifunction dBfIice that performs the one-quadrant operation, 
Eo = V.J(VyIV,J"', where m is an exponent adjustable from 115 
to 5. 

Considerable information on these functions, the nature of devices 
to perform them and extensive discussions of their applications 
can be found in the Nonlinear Circuits Handbook.' A wealth of 
information is also to be found in the data sheets for the individual 

'NOIIlinear Chr:uits HtuJdbook, D.H. Sheiagold, ed., 1976, 536pp., $5.95, 
Ana10(1 Device., Inc., P.O. Box 9106, Norwood, MA 02062·9106 
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devices published in this section. In addition to the products 
listed here, a number of popular earlier products are still available; 
data sheets are available upon request. 

Internal Architecture: All of the devices in this section rely on the 
logarithmic properties of silicon P-N junctions. An example of 
the translwar principle that they embrace can be seen in the 
circuitry of a "Gilbert cell," employed in various forms for 
analog multiplication. Its four-quadrant multiplying circuitry 
and performance are described in (1), with further references to 
the original sources. The input voltages are converted to currents; 
the currents are multiplied together and divided by a reference, 
and the net output current, IxIyllref' is converted to voltage by 
feedback around the output amplifier. The feedback terminals 
are available as inputs for applications involving division. 

A 
Q1 Q2 

I+~ ," '" I-~ 
.-------~~--r_--~--+---~ 

Basic Four-Quadrant Variable-Transconductance Multiplier 
Circuit 

AD538 Functional Block Diagram 

In multifunction devices like the AD538, the feedback currents 
of the V z and V x input op amps are used to develop logarithmic 
voltages across transistor base-emitter junctions; these voltages > 

are differenced to provide the logarithm of the ratio, V.IV x' 



At the user's choice, this log ratio is either amplified (m> 1), 
attenuated (m<I) or unchanged (m= 1), then applied to a product
antilog circuit which adds the logarithm of V Y' then takes the 
antilogarithm to produce the output equation, 

{ V m 

Vom = Vy if} 
x 

Wideband Multipliers have bandwidths greatly exceeding IMHz. 
The output is generally in the form of current, for maximum 
bandwidth (current-ta-voltage conversion tends to reduce 
bandwidth and is unnecessary in many applications). The user 
can choose an appropriate external amplifier - or other circuitry 
- to meet the needs of the application. The AD734 is a four
quadrant multiplier/divider with a 10 MHz full power bandwidth 
and 0.15% satic accuracy specifications. The AD539 is a dual 
multiplier/divider with rwo independent twa-quadrant signal 
channels (inputs YI and Y2) and a common X-input, which 
provides linear control of gain for both channels. Signal bandwidth 
is 30MHz and control bandwidth is 5MHz. The AD834 is a 
four-quadrant multiplier with 500MHz large-signal bandwidth 
and 0.5% static-accuracy specifications. It has differential X and 
Y inputs and differential open-collector current output. For 
I-volt inputs, its differential output current is ±4mA. 

External Functional Configuration: Most of the devices listed 
here can be used for multiplication, division, squaring andlor 
square-rooting (MDSSR), by the appropriate connection of 
external jumpers. Performance of pretrimmed devices is optimized 
in specified modes of operation. The data. sheets show how 
devices are connected for the various modes of operation; where 
appropriate, the suggested trim circuits and procedures for 
optimizing performance are provided. 

Technologies: The devices described in these rwo volumes are 
monolithic integrated circuits. For any application, the user will 
evaluate a device on the basis of its performance in the desired 
mode(s). The pretrimmed ICs use laser trimming of thin-fiIm-on
silicon chips at the wafer stage and buried-Zener reference cir
cuitry, as well as thermally balanced input stages and "core" 
circuitry, for overall maximum errors as low as 0.15%, and high 
linearities. 

Performance: Multiplier performance, specifications and test 
circuitry are described in great detail in the Nonlinear Circuits 
Handbook. Here is a brief digest of the factors relating to low
frequency performance. 

An ideal multiplier has an output which is the product of rwo 
input variables, X and Y, divided by the 10V scaIing voltage. 
However, the practical multiplier is subject to various offset 
errors and nonlinearities which must be accounted for in its 
application. This discussion is intended to assist the designer in 
understanding and interpreting multiplier and divider specifica
tions and obtaining insight into device performance. 

In practical (see the simplified single-ended multiplier in the 
figure), a multiplier may be considered as having rwo parts, one 
(M) contains the input circuitry and the multiplying cell; the 
other is a gain-conditioning op amp, A. 

Also summed at the op-amp input is the feedback variable, Z. 
In multiplication, Z is connected to the output circuit. In division, 
Z and X are the inputs, and Y is connected to the output. The 

x 

v 

r --:-x'~- -- - - -------, 
I M = ""jQ + F IX',V', R I 
I 
I 
I 
I Xo 

, 
I 
I 
I 
I 
I 

I 
I 

I Vo I 
I I L _______________ J 

Z (DIVIDE INPUT) 

OUT 

+XV 
'" 10 (MULTIPLY! 

'" .1~Z (DIVIDE) 

Functional Block Diagram of Typical Multiplier/Divider 

figure shows a model with lO-volt scale factor used for considering 
errors. X. and Yo are input offset voltages, Zo is the offset-referred
to-the-input of the output amplifier, and f(X', Y') is the non
linearity, viewed as the departure from the ideal multiplication, 
X'Y' Th " I d' h . f h C lOR' e output equatIon, mc u mg t e errors IS 0 t e .orm 

XY [ X.Y XY. f(X,y~ Eo = lOB ± ± ± Z. + lOB lOB 

Product Xorr"" Y orrse' Output Nonlinearity 
offset and 

Linear Feedthrough Feedthrough 
"Y" "X" 

The errors are included in the bracketed term, except for gain 
error, which is the departure of "B", the gain-error term, from 
its nominal value of unity. The effects of input offsets (called 
"linear feedthrough") can be set to zero by adding external 
input biases, the output offset can be set to zero by biasing the 
output amplifier, and the gain can be externally calibrated by 
adjusting the reference or the feedback resistance. The remaining 
departure from the ideal output for any coml:!ination of input 
values is the irreducible linearity error, or nonlinearity, a function 
of X and Y that differs from device to device and, with temperature, 
within a given device. The component of nonlinearity for X = 0 
is called "Y feedthrough" and for Y = 0, it is called "X feed
through". 

The "total error" specification includes the effects of all these 
errors. Although a guide to performance, it may produce an 
excessively conservative design in some applications. For example, 
output offset is not important if the output is to be capacitively 
coupled or the initial offset is nulled. Gain error is not important 
if system gain is to be adjusted elsewhere in the system or if 
gain is not a critical factor in system performance. If frequent 
calibration of offset and scale-factor errors is available (e.g., in a 
"smart" instrument, via software) nonlinearity becomes the 
limiting parameter. In such cases, improvements in predicted 
error can be achieved by using the approximate linearity 
equation: 

where Ex and Ey are the specified fractional linearity errors (%/100) 
and V. and Vy are the input signals. 
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When multipliers are fed back for use in division applications, it 
is important to recognize that maximum multiplication errors 
are increased approximately in proportion to the inverse of the 
denominator voltage (IOVlVx), and bandwidth is decreased in 
proportion to denominator voltage. Pretrimmed multipliers used 
in such applications, with wide dynamic range of X (i.e., > 10: I), 
will always benefit greatly by the trimming of offsets, especially 
Zo (affects offsets) and Xo (affects gain), for small values of X. 

DEFINITIONS OF SPECIFICATIONS* 
Accuracy is defined in terms of total error of the multiplier at 
room temperature and constant nominal supply voltage. Total 
error includes the sum of the effects of input and output dc 
offsets, nonlinearity, and feedthrough. Temperature dependence 
and supply-voltage effects are specified separately. 

Scale Factor: The scale-factor error (or gain error) is the difference 
between the average scale factor and the ideal scale factor (e.g., 
(IOV) -I). It is expressed in percent of the output signal. Tem
perature dependence is specified. 

Output Offset refers to the offset voltage at the output-amplifier 
stage. This offset is usually minimized at manufacture and can 
be trimmed where high accuracy is desired. Output offset vs. 
temperature is also specified. 

Linearity Error or Nonlinearity is the maximum difference between 
actual and "best-straight-line" theoretical output, for all pairs of 
input values, expressed as a percentage of full scale, with all 
other de errors nulled. It is the irreducible minimum error. It is 
usually expressed in terms of X and Y nonlinearity, with the 
named input swinging over its full-scale range and the other 
input at (:!:) 10V. Y nonlinearity is considerably less than X 
nonlinearity in simple "Gilbert-cell" multipliers. This specification 
includes nonlinear feedthrough. 

X or Y F eedthrough is the signal at the output for any value of X 
or Y input in the rated range, when the other input is zero. It 
has two components, a linear one, corresponding to an input 
offset at the zero input, which can be trimmed out (but can drift 

+ x, DENOMINATOR 
V, X2 OUT 

Eo~~ 9 AD734 

BASIC RELATIONSHIP: (X, - X2) (V 1 - Yzl = 10V (Z,- Z2) 

VXVy = lOV Eo 

Multiplier 

Y' 

Y2 

*These are general defmitions. Further definitions are provided as 
footnotes to the Specifications tables; they should be read carefully. 

2-6 ANALOG MUL TIPLIERSIDIVIDERS 

z, 
22 

Divider 

and has a temperature specification), and a nonlinear one, which 
is irreducible. Feedthrough is usually specified at one frequency 
(50Hz) for a 20V p-p sine wave input. It increases with frequency, 
and plots of typical feedthrough vs. frequency are provided on 
multiplier data sheets. 

Noise is specified and measured with both inputs at zero signal 
and zero impedance (i.e., shorted). For low-frequency applica
tions, ftltering the output of the mulitplier may improve small
signal resolution significantly. 

Dynamic Parameters include: small-signal bandwidth, full-power 
response, slew(ing) rate, small-signal amplitude error and settling 
time. 

Small-Signal Bandwidth is the frequency at which the output is 
down 3dB from its low-frequency value (i.e., by about 30%) for 
a nominal output amplitude of 10% of full scale. 

Full-Power Response is the maximum frequency at which the 
multiplier can produce the full-scale voltage into its rated load 
without noticeable distortion. 

Slew(ing) Rate (V/fLS) is the maximum rate of change of output 
voltage for the product of a full-scale dc voltage and a full-scale 
step input. 

Small-Signal Amplitude Error is defined in relation to the frequency 
at which the amplitude response, or scale-factor, is in error by 
1%, measured with a small (10% of full-scale) signal. 

Settling Time, for the product of a :!: 10V step and 10V dc, is 
the total length of time the output takes to respond to an input 
change and stay within some specified error band of its final 
value. Settling time cannot be accurately predicted from any 
other dynamic specifications; it is specified in terms of a prescribed 
measurement. 

Vector Error is the most sensitive measure of dynamic error. It is 
usually specified in terms of the frequency at which a phase 
error of 0.01 radians (0.57°) occurs. 

OUTPUT, Eo 

+ 
_ NUMERATOR, Vz 

r--;====:;-r1rOQUT. Eo 
x, 
X2 OUT 

AD734 

Z, 
Yl Z2 

Y2 

Square Rooter 

R LOAD 
(MUST BE PROVIDED) 

+ 
_ INPUT, Vz 



MODULATORS/DEMODULATORS 

AD630 Balanced ModulatorlDemodulator 
The AD630 is a fast, flexible, switched dual-input op amp with 
an on-chip comparator. Intended for wideband, low-level, and 
wide-dynamic-range instrumentation applications and coherent 
systems, it is capable of such analog signal-processing functions 
as balanced modulator, balanced demodulator, absolute-value 
amplifier, phase detector, square-wave multiplier and two-channel 
precision multiplexer. It can be used as a lock-in amplifier, 
synchronous detector, rectifier, dual-mode circuit, and much 
more. Essentially a complete device with on-chip scaling resistors, 
it can be used for these functions with little or no additional 
circuitry. 

eM OFF eM OFF OIFF OFF DIFF OFF 
ADJ AOJ ADJ ADJ 

,------(7 ~~:~~SEL 
>----'--[ BIA 

As a lock-in amplifier, it can recover a O.I-Hz sine wave, transmitted 
as a modulation on a 400-Hz carrier, from a band-limited, clipped 
white-noise signal approximately 100,000 times larger - a dynamic 
range greater than 100dB. 

It consists of a frequency-compensated op-amp-output stage, 
with two identical switched differential front ends (A and B), a 
differential comparator that controls the switching and a set of 
jumper-programmable matched precision resistors - trimmed to 
produce closed-loop gain accuracies to ±0.OI5% and gain match 
(between channels) to ± 0.03%. When the net input to the 
comparator is positive, front-end A will be selected; when the 
comparator input is negative, front-end B is selected. A status 
output indicates the state of the comparator. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Pretrimmed to ±1.0% (AD532K) 
No External Components Required 
Guaranteed ±1.0% max 4..Quadrant 

Error (AD532K) 
Diff Inputs for (X,-X2) (Y,-Y21110V 

Transfer Function 
Monolithic Construction, Low Cost 

APPLICATIONS 
Multiplication, Division, Squaring, 

Square Rooting 
Algebraic Computation 
Power Measurements 
Instrumentation Applications 
Available in Chip Form 

PRODUCT DESCRIPTION 
The ADS 32 is the first pretrimmed single chip monolithic 
multiplier/divider. It guarantees a maximum multiplying 
error of ±1.0% and a ±lOV output voltage without the need 
for any external trimming resistors or output op amp. Because 
the ADS32 is internally trimmed, its simplicity of use provides 
design engineers with an attractive alternative to modular 
multipliers, and its monolithic construction provides 
significant advantages in size, reliability and economy. Further, 
the ADS32 can be used as a direct replacement for other IC 
multipliers that require external trim networks (such as the 
ADS30). 

FLEXIBILITY OF OPERATION 
The ADS 32 multiplies in four quadrants with a transfer 
functionof(Xl-X2)(Yl-Y2)/10V, divides in two quadrants 
with a 10VZ/(Xl-X2) transfer function, ar:J square roots in 
one quadrant with a transfer function of ± lOVZ. In addi
tion to these basic functions, the differential X and Y inputs 
provide significant operating flexibility both for algebraic 
computation and transducer instrumentation applications. 
Transfer functions, such as XY !lOV, (X2-y2)/l OV, ±X2 I 
10V, and 10VZI(X1-X2) are easily attained, and are ex
tremely useful in many modulation and function generation 
applications. as well as in trigonometric calculations for 
airborne navigation and guidance applications. where the 
monolithic construction and small size of the ADS 32 offer 
considerable system advantages. In addition, the high CMRR 
(7SdB) of the differential inputs makes the ADS 32 especially 
well qualified for instrumentation applications, as it can 
provide an output signal that is the product of two transducer
generated input signals. 

REV. A 

Internally Trimmed 
Integrated Circuit Multiplier 

AD532 I 
PIN CONFIGURATIONS 

v, 

-v. 

OUT Z Ne +Vs v, 

• 2 1 .. ,. 
, , 

-v. 4 ' , 18 Yz .. 
NC5 17 NC 

Ne. 
AD532 

TOP VIEW '6 Vos 

Ne 7 INotto Bael 15 NC 

Ne. 14 GND 

• , . " 12 ,. 
Ne x, NC Ne Xz 

Ne ARE NO CONNECT PINS 

GUARANTEED PERFORMANCE OVER TEMPERATURE 
The ADS32} and ADS32K are specified for maximum multi
plying errors of ±2% and ±l % of full scale, respectively at 
+2SOC, and are rated for operation from 0 to +70oC. The 
ADS 32S has a maximum multiplying error of ±l % of full 
scale at +2SoC; it is also 100% tested to guarantee a maximum 
error of ±4% at the extended operating temperature limits of 
-SSoC and +12SoC. All devices are available in either the 
hermetically-sealed TO-IOO metal can, TO-116 ceramic DIP 
or LCC packages. } , K and S grade chips are also available. 

ADVANTAGES OF ON-TIlE-CHIP TRIMMING 
OF TIlE MONOLITIlIC ADS32 
1. True ratio metric trim for improved power supply 

rejection. 
2. Reduced power requirements since no networks 

across supplies are required. 

3. More reliable since standard monolithic assembly 
techniques can be used rather than more complex 
hybrid approaches. 

4. High impedance X and Y inputs with negligible 
circuit loading. 

S. Differential X and Y inputs for noise rejection and 
additional computational flexibility. 
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AD532-SPECIFICATIONS (@ +25°C, Vs = ±15V, R~2kn Vos grounded). 

Model AD532J 
Min Typ Max 

MUL TIPLIERPERFORMANCE 

Transfer Function 
(X,-X,)(Y,-Y2) 

--~ 

Total Error( -IOVsX, Ys + lOy) ::!: 1.5 ±2.0 
TA=mintomax ±2.5 
Total Error .. Temperature :!:O.04 
SupplyRejection(±15V ±Io%) ±0.05 
Nonlinearity,X(X~20Vpk-pk, Y~ lOy) ±O.S 
Nonlinearity, Y(Y ~20Vpk-pk,X~ 10V) ±0.3 
Feedthrough, X (Y Nulled, 

X ~ 20V pk-pk SOHz) 50 200 
Feedthrough, Y (X Nulled, 

Y ~ 20V pk.pk 50Hz) 30 ISO 
Feedthrough VB. Terup. 2.0 
Feedthrough vs. Power Supply ±0.25 

DYNAMICS 
Small Sisual BW (V OUT ~ 0.1 rms) I 
1% Amplitude Error 75 
Slew Rate (V OUT 20 pk-pk) 45 
Settling Time (to 2%, liN OUT ~ 20V) I 

NOISE 
Wideband Noise f ~ 5Hz to 10kHz 0.6 

f~5Hzt05MHz 3.0 

OUTPUT 
Output Voltage Swing ±IO ±13 
OutpUt Impedance (fs 1kHz) I 
Output Offset Voltage ±40 
Output OffsetVoltage vs. Temp. 0.7 
Output Offset Voltage vs. Supply ±2.5 

INPUT AMPLIFIERS (X, Y and Z) 
Sisual VoltageRange(Diff. orCM 

Operating Dift) ±IO 
CMRR 40 
Input Bias Current 

X,Ylnputs 3 
X, Y Inputs T min to T max 10 

ZInput ::t1O 
Z Input T min to T max ±3O 

Offset Current ±O.3 
Differential Resistance 10 

DIVIDER PERFORMANCE 

Transfer Function (X,>X2) IOV Z/(X, - X2) 

Total Error 
(Vx ~ -IOV, -IOVsVzs + lOy) ±2 
(Vx ~ -IV, -IOVsVzs + IOV) ±4 

SQUARE PERFORMANCE 

Transfer Function 
(X,-X,>, 

~ 
Total Error ±O.S 

SQUARE-ROOTER PERFORMANCE 
Transfer Function -ViiiVz 
Total Error (OVsVzs 10V) ±l.S 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated Performance ±15 
Operating ±IO ±IS 

Supply Current 
Quiescent 4 6 

NOTE 
SpecifIcations subject to change without notice. 

Specifications shown in boldface are tested 00 aU production units at final electr~ 
ical test. Results from those tests are used to calculate outgOing quality levels. 
All min and max specifications are guaranteed, although only those shown 
in boldface are tested on all production units. 
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AD532K AD532S 
Min Typ Max Min Typ Max Units 

(X,-X2)(Y,-Y,) (X,-X2)(Y,-Y2) 

IOV 10V 

±0.7 ±I.O ±0.5 ±I.O % 
±I's ±4.0 % 
±0.03 ±0.01 ±O.04 %fC 
±0.05 ±0.05 %1% 
±0.5 :to.S % 
±0.2 ±0.2 % 

30 100 30 100 mV 

25 80 25 80 mV 
1.0 1.0 mVp-pJ"C 
±0.25 ±0.25 mV/% 

I I MHz 
75 75 kHz 
45 45 VI ... 
I I ... 
0.6 0.6 mV(rms) 
3.0 3.0 mV(rm.) 

±10 ±13 ±10 ±13 V 
I I Il 

±3O ±3O mV 
0.7 2.0 mVrc 
±2.5 ±2.S mV/% 

±IO ±IO V 
SO 50 dB 

1.5 4 1.5 4 .. A 
S S ~ 
±5 ±15 ±5 ±IS ~ 
±2S ±25 ~ 
±O.l ±O.l .. A 
10 10 Mil 

IOV ZI(X, - X2) IOVZI(X,-X2) 

±I ±I % 
±3 ±3 % 

(X,-X,>, (X,-X,>, 

---wv- ---wv-
±0.4 ±0.4 % 

-ViiiVz -ViiiVz 
±1.0 ±l.O % 

±J5 ±IS V 
±IO ±18 ±1O ±22 V 

4 6 4 6 mA 

Thermal Characteristics: 
H-1DA: 0Je = 2S"C/W; OJA = lSO°CIW 
E-20A: 0Je = 22°CIW; OJA = 8SOCIW 
D-14: 0Je = 22°CIW; OJA = 8SoCIW 
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ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option· 

AD532JD O"C to + 70"C Side Brazed DIP D-14 
AD532KD O"C to + 70"C Side Brazed DIP D-14 
AD532JH O"Cto +70"C Header H-lOA 
AD532KH O"C to + 70"C Header H-IOA 
AD532JChip O"C to + 70"C Chip 
AD532KChip O"C to + 7O"C Chip 
AD532SD -55"Cto + 125"C Side Brazed DIP D-14 
AD532SD/883B -55"Cto + 125"C Side Brazed DIP D-14 
JM38510113903BCA - 55"C to + 125"C Side Brazed DIP D-14 
AD532SE - 5S"C to + 125"C LCC E-20A 
AD532SEl883B - 55"C to + 125"C LCC E-20A 
AD532SH - 5S"C to + 125"C Header H-IOA 
AD532SH/883B - 5S"C to + 125"C Header H-IOA 
JM38510/13903BIA - 5S"C to + 125"C Header H-I0A 
AD532SChip -55"Cto + 125"C Chip 

*For outline information see Package Information section. 

FUNCTIONAL DESCRIPTION 
The functional block diagram for the AD532 is shown in 
Figure 1, and the complete schematic in Figure 2. In the 
multiplying and squaring modes, Z is connected to the output 
to close the feedback around the output op amp. (In the 
divide mode, it is used as an input terminal.) 

The X and V inputs are fed to high impedance differential 
amplifiers fearuring low distortion and good common mode 
rejection. The amplifier voltage offsets are actively laser 
trimmed to zero during production. The product of the two 
inputs is resolved in the multiplier cell using Gilbert's 
linearized transconductance technique. The cell is laser 
trimmed "to obtain Vout = (Xl-X2)(V I-V 2)110 volts. 
The built-in op amp is used to obtain low output impedance 
and make possible self-contained operation. The residual 
output voltage offset can be zeroed at Vas in critical applica
tions ... otherwise the Vas pin should be grounded. 

X20---------, 

AD532 

CHIP DIMENSIONS AND BONDING DIAGRAM 
Contact factory for !at .. t dimensions. 

Vx 1 x, 
X2 

Vv 1 v, 
V2 

Dimensions shown in inches and (mm). 

IX, -X21{Y, -Y21 
Your - 10V 

(WITH Z TIED TO OUTPUT) 

Figure 1. Functional Block Diagram 

r---~~-~--~---~---~----.----'--~'~ 

0', 
R34 

R" v, o-l--'--t--t-+---{ 
030 

x'o-r--_-; 
02. 

COM"O-<~--I--+-...---+---t-+' L......-+-+--oOUTPUT 

R2. 

R'. L...... ..... - ..... --...... --o+--4 ....... '+--..... - ...... --...... ----4-...... --<>-ys. CAN 

y2o--J~-----------~ 

Figure 2. AD532 Schematic Diagram 
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AD532 
ADS32 PERFORMANCE CHARACTERISTICS 
Multiplication accuracy is defined in terms of total error at 
+2SoC with the rated power supply. The value specified is in 
percent of full scale and includes Xin and Yin nonlinearities, 
feedback and scale factor error. To this must be added such 
application-dependent error terms as power supply rejection, 
common mode rejection and temperature coefficients 
(although worst case error over temperature is specified for 
the; ADS 32S). :rota!, expected error is the rms sum of the 
individual components, since they are uncorrelated. 

Accuracy in the divide mode is only a little more complex. To 
achieve division, the multiplier cell must be connected in the 
feedback of the output op amp as shown in Figure 13. In this 
configuration, the multiplier cell varies the closed loop gain of 
the op amp in an inverse relationship to the denominator 
voltage. Thus, as the denominator is reduced, output offset, 
bandwidth and other multiplier cell errors are adversely af
fected. The divide error and drift are then Em • 10VIXl-X2) 
where Em represents multiplier full scale error and drift, and 
(Xl-X2) is the absolute value of the denominator. 

NONLINEARITY 
Nonlinearity is easily measured in percent harmonic distortion. 
The curves of Figures 3 and 4 characterize output distortion as 
a function of input signal level and frequency respectively, 
with one input.held at plus or minus 10V de. In Figure 4 the 
sine wave amplitude is 20V(p-p). 

0 

! 

t 
I 

1 

0.01 

/~ 
x ........ V V/ 

V - V Vin 

1234087891011121314 
PEAK SIGNAL AMPLn"UDE " Vote. 

Figure 3. Percent Distortion vs. Input Signal 

100 

I- 20V p.p SIGNAL 

1 0. 10 100 

x .. 

• 10k 
FREQUENCY· Hz 

V 
~in 

'/ 
'J 

lOOk 

Figure 4. Percent Distortion VB. Frequency 
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1M 

AC FEEDTHROUGH 
AC Feedthrough is a measure of the multiplier's zero 
suppression. With one input at zero, the multiplier output 
should be zero regardless of the signal applied to the other 
input. Feedthrough as a function of frequency for the 
ADS32 is shown in Figure S. It is measured for the condition 
Vx = 0, Vy = 20V(p-p) and Vy = 0, Vx = 20V(p-p) over the 
given frequency range. It consists primarily of the second 
harmonic and is measured in millivolts peak-to-peak. 

1000 

Y FEEDTHRU 

./ 

l-
X FEEDTMRU 

1 
100 ,. 10k lOOk 1M 10M 

FREQUENCY. HIP: 

Figure 5. Feedthrough VB. Frequency 

COMMON MODE REJECTION 
The ADS32 features differential X and Y inputs to enhance 
its flexibility as a computational multiplierldivider. Common 
mode rejection for both inputs as a function of frequency is 
shown in Figure 6. It is measured with Xl = X2 = 20V(p-p); 
(Y l-Y2)= ±10V de and Yl = Y2 = 20V(p-p), (Xl-X2) = 
±10V dc. 

,/ 
,...... .. 

.. 

20 

10 

10 
, 

r--... 

10 
, 

......... 1,1 

~ ~t~dJ11 
11\1: ~ x COMMON MODE REJ 

(Y1'"Vzl= +1OY 

10 10 
FREOUENCY • Hz 

. 

~t-. 

10 

Figure 6. CMRR VB. Frequency 

DYNAMIC CHARACTERISTICS 

. 

The closed loop frequency response of the ADS32 in the 
multiplier mode typically exhibits a 3dB bandwidth Of 
IMHz and rolls off at 6dBloctave thereafter. Response 
through all inputs is essentially the same as shown in 
Figure 7. In the divide mode, the closed loop frequency 
response is a function of the absolute value of the 
denominator voltage as shown in Fi~ure 8. 

10 

Stable operation is maintained with capacitive loads to 
1000pF in all modes, except the square root for which 
SOpF is a safe upper limit. Higher capacitive loads can be 
driven if a 1000 resistor is connected in series with the 
output for isolation. 

, 
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'Ok 

10 
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O • • • Ok 

I 
V R~2kn CL =1OOOpF 

RL"'Zkn CL"'OpF i\ 
\' 

'OOk .. 
FREQUENCY - HI: 

Figure 1. Frequency Response, Multiplying 

VZ"O.l X Vx SIN lilT 

'" Yx·1OY ---

" f', '\ 

~ \\ 

" ~X=5V 
I\. .... .M 

FREQUENCY - HI! 

Figure 8. Frequency Response, Dividing 

POWER SUPPLY CONSIDERATIONS 

.OM 

10M 

Although the ADS32 is tested and specified with ±lSV dc 
supplies, it may be operated at any supply voltage from 
±10V to ±18V for the J and K versions and ±10V to ±22V 
for the S version. The input and output signals must be 
reduced proportionately to prevent saturation, however, 
with supply voltages below ±1 SV, as shown in Figure 9. 
Since power supply sensitivity is not dependent on external 
null networks as in the ADS 30 and other conventionally 
nulled multipliers, the power supply rejection ratios are 
improved from 3 to 40 times in the ADS32. 

SAw.L~ / SWING 

" 

L ~O'YIN"" FOR,", LINEARITY 

~ 
• 

• •• •• II •• .0 •• 
POWER SUPPLY VOLTAGE - Volta 

Figure 9. Signal Swing vs. Supply 
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Applying the AD532 
NOISE CHARACTERISTICS 
All AD S 3 2s are screened on a sampling basis to assure that 
output noise will ha.ve no appreciable effect on accuracy. 
Typical spot noise vs. frequency is shown in Figure 10. 

· 
· 
3 ......... , 

• 

· 
10 100 1k 

fREQUENCY - Hz 

Figure 10. Spot Noise vs. Frequency 

APPLICATIONS CONSIDERATIONS 

i 

lOOk 

The performance and ease of use of the ADS 32 is achieved 
through the laser trimming of thin film resistors deposited 
directly on the monolithic chip. This trimming-on-the-chip 
technique provides a number of significant advantages in 
terms of cost, reliability and flexibility over conventional 
in-package trimming of off-the-chip resistors mounted or 
deposited on a hybrid substrate. 

First and foremost, trimming on the chip eliminates the 
need for a hybrid substrate and the additional bonding wires 
that are required between the resistors and the multiplier 
chip. By trimming more appropriate resistors on the ADS32 
chip itself, the second input terminals that were once 
committed to external trimming networks (e.g., ADS30) have 
been freed to allow fully differential operation at both the X 
and Y inputs. Further, the requirement for an input 
attenuator to adjust the gain at the Y input has been 
eliminated, letting the user take full advantage of the high 
input impedance properties of the input differential amplifiers. 
Thus, the ADS 32 offers greater flexibility for both algebraic 
computation and transducer instrumentation applications. 

Finally, provision for fine trimming the output voltage offset 
has been included. This connection is optional. however, as 
the ADS32 has been factory-trimmed for total performance 
as described in the listed specifications. 

REPLACING OTHER IC MULTIPLIERS 
Existing designs using IC multipliers that require external 
trimming networks (such as the ADS 30) can be simplified 
using the pin-for-pin replaceability of the ADS 32 by merely 
grounding the X2. Y2 and Vos terminals. (The Vos terminal 
should always be grounded when unused.) 

For operation as a multiplier, the ADS32 should be connected 
as shown in Figure 11. The inputs can be fed differentially to 
the X and Y inputs, or single-ended by simply grounding the 
unused input. Connect the inputs according to the desired 
polariry in the output. The Z terminal is tied to the output 
to close the feedback loop around the op amp (see Figure 1). 
The offset adjust Vos is optional and is adjusted when both 
inputs are zero volts to obtain zero out, or to buck out other 
system offsets. 
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AD532 
APPLICATIONS 

MULTIPLICATION 

x, + 
X2 

V, 

V2 

+ 

(OPTIONAL) 

AD532 Your 

v _ (X, - X2) tV, - V21 
OUT - 10V 

+Vs -Vs 

Figure 11. Multiplier Connection 

The squaring circuit in Figure 12 is a simple variation of the 
multiplier. The differential input capability of the AD532 can 
be used, however, to obtain a positive or negative output 
response to the input .... a useful feature for control 
applications, as it might eliminate the need for an additional 
inverter somewhere else. 

SQUARE 

+Vs -Vs 

Figure 12. Squarer Connection 

The AD5 32 can be configured as a two-quadrant divider by 
connecting the multiplier cell in the feedback loop of the 
op amp and using the Z terminal as a signal input, as shown 
in Figure 13. It should be noted, however, that the output 
error is given approximately by IOVem/(XI-X2), where em 
is the total error specification for the multiply mode; and 
bandwidth by fm • (XI-X2)/lOV, where fm is the band
width of the multiplier. Further, to avoid positive feedback, 
the X input is restricted to negative values. Thus for single
ended negative inputs (OV to -lOY), connect the input to X 
and the offset null to X2; for single-ended positive inputs 
(OV to +lOV), connect the input to X2 and the offset null 
tG" X 1. For optimum performance, gain (S.F.) and offset (Xo) 
adjustments are recommended as shown and explained in 
Table I. 

DIVISION 

r------~ VOUT'" ''":c.z 

2.2k 

Figure 13. Divider Connection 
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For practical reasons, the useful range in denominator input 
is approximately 50OmV":: 1 (X1-X2) I":: lOY. The voltage 
offset adjust (Vo.), if used, is trimmed with Z at zero and 
(X1-X2) at fulJ scale. 

TABLE I 

ADJUST PROCEDURE (Divider or Square Rooter) 

DIVIDER 

With: Adjust for: 

SQUARE ROOTER 

With: Adjust for: 

Adjust X Z 
Scale Factor -lOY +lOV 
Xo (Offset) -IV +O.lV 

Repeat if required. 

Vout 
-lOY 
-IV 

Z 
+lOV 
+O.lV 

The connections for square root mode are shown in 

Vout 
-lOY 
-IV 

Figure 14. Similar to the divide mode, the multiplier cell is 
connected in the feedback of the op amp by connecting the 
output back to both the X and Y inputs. The diode D I is 
connected as shown to prevent latch-up as Zin approaches 
o volts. In this case, the Vos adjustment is made with 
Zin = +0.1 V dc, adjusting Vo• to obtain -l.OV dc in the 
output, Vout = -..; 10VZ. For optimum performance, gain 
(S.F.) and offset (Xo) adjustments are recommended as 
shown and explained in Table I. 

SQUARE ROOT 

x, 

471< 
2.2k 

AD632 

20k 
(Xo) 

+Vs -Vs 

VOUT =-v'WYZ 

VOUT HI4-.--o VOUT 

10k 

Figure 14. Square Rooter Connection 

The differential input capability of the AD532 allows for the 
algebraic solution of several interesting functions, such as 
the difference of squares, X2_y2/l0V. As shown in Figure 15, 
the AD532 is configured in the square mode, with a simple 
unity gain inverter connected between one of the signal 
inputs (Y) and one of the inverting input terminals (-Yin) 
of the multiplier. The inverter should use precision (0.1%) 
resistors or be otherwise trimmed for unity gain for best 
accuracy. 

DIFFERENCE' OF SQUARES 

x.Q-----+-----

VOUT 

+v, -v, 

Figure 15. Differential of Squares Connection 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Pretrimmed to ±O.25% max 4·Quadrant Error IAD534L) 
All Inputs IX, Yand Z) Differential, High Impedance for 

[(X, -X2 lIV, - Y 2 )/10V) +Z2 Transfer Function 
Scale·Factor Adjustable to Provide up to X100 Gain 
Low Noise Design: 90J.lV rms, 10Hz-10kHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

APPLICATIONS 
High Quality Analog Signal Processing 
Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Wideband, High·Crest rms·to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 
Available in Chip Form 

PRODUCT DESCRIPTION 
The AD534 is a monolithic laser trimmed four-quadrant multi
plier divider having accuracy specifications previously found 
only in expensive hybrid or modular products. A maximum 
multiplication error of ±O.25% is guaranteed for the AD5 34L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on·chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditions of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in
puts, including the Z·input, a feature which greatly increases 
its flexibility and ease of use. The scale factor is pretrimmed 
to the standard value of IO.OOV; by means of an external resis
tor, this can be reduced to values as low as 3V. 

The wide spectrum of applications and the availability of sev· 
eral grades commend this multiplier as the first choice for all 
new designs. The AD534J (±l% max error), AD5 34K (±0.5% 
max) and AD534L (±O.25% max) are specified for operation 
over the 0 to +70°C temperature range. The AD534S (±l% max) 
and ADS 34T (±O.S% max) are specified over the extended 
temperature range, -55"C to +12SoC. All grades are available 
in hermetically sealed TO·lOO metal cans and TO-116 ceramic 
DIP packages. AD5 34J, K, Sand T chips are also available. 

PROVIDES GAIN WITH LOW NOISE 
The AD534 is the first general purpose multiplier capable of 
providing gains up to XIOO, frequently eliminating the need 
for separate instrumentation amplifiers to precondition the 
inputs. The ADS34 can be very effectively employed as a 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and 
will be found to simplify the implementation of many function
fitting algorithms such as those used to generate sine and tan-
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Internally Trimmed 
Precision Ie Multiplier 

AD534 I 
PIN CONFIGURATIONS 

TO-lOO (H-lOA) 
Package 

TO-116 (D-14) 
Package 

Xl 

-Vs 

LCC (E-20A) 
Package 

~ X u :f u z z 
3 2 1 20 1. 

, , 
NC 4 U 
NC 5 

AD534 
SF • TOP VIEW 

NC 7 
(Not to Scale) 

NC 8 

9 10 11 12 13 

;: ~ ~ ~ ~ 
Ne = NO CONNECT 

• 

AD534 
TOP VIEW 

(Not to Scale) 

Ne = NO CONNECT 

18 OUT 

17 NC 

16 Z1 

15 NC 

14 Z2 

+Vs 

NC 

OUT 

Z1 

Z2 

gent. The utility of this feature is enhanced by the inherent low 
noise of the AD534: 90/lV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers. Drift 
and feedthrough are also substantially reduced over earlier 
designs. 

UNPRECEDENTED FLEXIBILITY 
The precise calibration and differential Z-input provide a 
degree of flexibility found in no other currently available mul
tiplier. Standard MDSSR functions (multiplication, division, 
squaring, square-rooting) are easily implemented while the 
restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in
to the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesis have been made possible, usually requiring only ex
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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AD534-SPECIFICATIONS (TA = +25°C, ±Vs = 15V, R~2kn) 
Model AD534J 

MiD Typ Mu 

MULTIPLIER PERFORMANCE 

Transfer Function 
(X,-X,)(Y,-Y,) 

10V +Z, 

TotalError'( -lOV:sX, Y:5+ lOY) :1.0 
TA = min to max ±l.S 
Total Error vs Temperature :to.022 
Scale Factor Error 

(SF ~ 1O.000VNominal)' ",0.25 
Temperature-Coefflcient of 

Scaling Vollage "'0.02 
SupplyRejection(± 15V ± IV) ±O.OI 
Nonlinearity,X(X~20Vpk·pk, Y~ IOV) "'0.4 
Nonlinearity, Y (Y = 20V pk~pk. X = lOY) ±O.2 
Feedthrough3, X (Y Nulled, 

X ~ 20V pk·pk 50Hz) ±O.3 
Feedthrough3• Y (X Nulled, 

Y ~ 20V pk·pk 50Hz) :to.OI 
Output Offset Voltage ±5 ±30 
Output Offset Voltage Drift 200 

DYNAMICS 
Small Signal BW. (V OUT = 0.1 rIDs) I 
l%AmplitudeError(CLOAD = lOOOpF) 50 
Slew Rate (V OUT 20 pk·pk) 20 
Settling Time {to 1%,aVoUT=20V) 2 

NOISE 
Noise Spectral-Density SF= lOY 0.8 

SF~3V4 0.4 
Wideband Noise f= lOHztoSMHz I 

f= 10Hz to 10kHz 90 

OUTPUT 
Output Voltage Swing ±II 
Output Impedance (f:5lkHz) 0.1 
Output Shon Circuit Current 

(Rr. '" 0, TA '" min to max) 30 
Amplifier Open Loop Gain (f ~ 50Hz) 70 

INPUT AMPLIFIERS (X, Y and Z)' 
Signal Voltage Range (Diff. orCM ±10 

OperatingDiff.) ±12 
Offset Voltage X, Y ",5 ±20 
Offset Voltage Drift X, Y 100 
Offset VoitageZ ±5 %30 
Offset Voltage Drift Z 200 
CMRR 60 80 
Bias Current 0.8 2.0 
Offset Current 0.1 
Differential Resistance 10 

DIVIDER PERFORMANCE 

Transfer Function (X] > X2) 
(Z,-Z,) 

IOV (X,-X,)+Y, 

Total Error l (X '" 10V, - 10V:sZ:s + 10V) ±0.75 
(X -IV, -IVsZs + IV) ±2.0 
(O.IV:sX:SIOV, -lOV:s 

ZslOV) ±2.S 

SQUARE PERFORMANCE 

Transfer Function 
(X,-X,)' 
----wv-+zz 

Total Error ( - IOVsXsIOV) ±0.6 

SQUARE-ROOTER PERFORMANCE 
Transfer Function (Z]sZz) v'IOV(Z,-Z,)+X, 
Total Error! (IVsZ:sIOV) ±1.0 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated Performance ±15 
Operating ",8 %18 

Supply Current 
Quiescent 4 6 

NOTES 
IFigures given are percent of full scale, ± 10V (i.e., 0.01% == ImV). 
2May be reduced down to 3V using external resistor between - Vs and SF. 
3Irreducib1e component due to nonlinearity: excludes effect of offsets. 
4Using external resistor adjusted to give SF = 3V. 
SSee functional block diagram for definition of sections. 

Specifications subject to change without notice. 
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AD534K AD534L 
MiD Typ Mu MiD Typ Mu Uaits 

(X,-X,)(Y,-Y,) 
IOV +Z, 

(X,-X,)(Y,-Y,) 
10V +Z, 

%0.5 d.25 % 
±1.0 ±O.S % 
",0.015 ",o.008 %/"C 

",0.1 ±O.l % 

"'0.01 "'0.005 %/"C 
",0.01 ±O.O1 % 
±O.2 %0.3 "'0.10 ±O.12 % 
"'0.1 ±0.1 ±O.OO5 ",U % 

±0.15 %0.3 ",0.05 d.12 % 

"'0.01 %0.1 ±O.OO3 %0.1 % 
±2 %15 ",2 ±IO mV 
100 100 "vrc 

I I MHz 
SO 50 kHz 
20 20 VI".. 
2 2 ". 
0.8 0.8 "VNHz 
0.4 0.4 "vNHz 
I I mV/nns 
90 90 ,...V/rms 

±II %11 V 
0.1 0.1 II 

30 30 rnA 
70 70 dB 

±IO ±10 V 
±12 '" 12 V 
",2 "'10 ",2 ±IO mV 
50 50 "vrc 
±2 "'IS ±2 %10 mV 
100 100 ~vrc 

70 90 70 90 dB 
0.8 2.0 0.8 2.0 ~A 
0.1 0.05 0.2 .,.A 
1O 10 Mil 

(Z,-Z,) 
10V(X,_X,)+Y, 

(Z,-Z,) 
IOV(X,_X,)+Y, 

",0.35 "'0.2 % 
±1.0 ±O.S % 

±1.0 ±O.S % 

(X,-X,)' 
----wv-+ Z, 

(X,-X,)' 
-wv-+Z, 

±0.3 "'0.2 % 

VIOV(Z, - Z,) + X, VIOV(Z, - Z,) + X, 
",0.5 "'0.25 % 

±IS ",IS V 
",8 ",18 ±8 %18 V 

4 6 4 6 rnA 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those teslS are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, althouch only tbose 
shown in boldface are tested on all production units. 
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Model ADS34S ADS34T 
Min Typ M.u Mi. Typ M.u UDits 

MULTIPLIER PERFORMANCE 

Transfer Function 
(X,-Xzl(Y,- Y,) 

IOV +Z2 
(X,-X,)(Y,- Y,) 

IOV +Z, 

TotalErrorl(-IOVsX, Y:s:+ IOV) ±1.0 ±O.S % 
TA=mintomax ±2.0 ±1.0 % 
Total Error vs Temperature ±0.02 ±0.01 %I"C 
Scale Factor Error 
(SF~ 1O.000VNominal)' ±0.25 ±O.I % 

Temperature-Coefficientof 
Scaling Voltage ±0.02 ±O.OOS %I"C 

Supply Rejection ( ± 15V ± IV) ±O.OI ±0.01 % 
Nonlinearity, X (X = 20Vpk-pk, Y = lOY) ±0.4 ±O.2 ±0.3 % 
Nonlinearity, Y (Y = 20V pk-pk, X = lOY) ±0.2 ±O.l ±O.l % 
Feedthrough3,X(YNulled, 

X ~ 20V pk-pk 50Hz) ±0.3 ±O.IS ±0.3 % 
Feedthrough3, Y (X Nulled, 

Y ~ 20V pk-pk 50Hz) ±0.01 ±0.01 ±O.l % 
Output Offset Voltage ±S ±30 ±2 ±IS mV 
Output Offset Voltage Drift 500 300 "VI"C 

DYNAMICS 
Small Signal BW, (VOUT =0.1 rms) I I MHz 
l%AmplitudeError(CLOAD = lOOOpF) 50 50 kHz 
Slew Rate (V OUT 20 pk-pk) 20 20 V/~s 
SetdingTime(to 1%, ,&VOUT = 20V) 2 2 ". 

NOISE 
Noise Spectral-Density SF = lOY O.S O.S "V/vHz 

SF~3y4 0.4 0.4 "V/\t'HZ 
Wideband Noise f = 10Hz to SMHz 1.0 1.0 mV/rms 

f=lOHztolOkHz 90 90 ""V/nns 
OUTPUT 

Output Voltage Swing ±ll ±ll V 
Output Impedance (f:s; 1kHz) 0.1 0.1 0 
Output Short Circuit Current 

(RI . = 0, T A = min to max) 30 30 mA 
Amplifier Open Loop Gain (f = 50Hz) 70 70 dB 

INPUT AMPLIFIERS (X, Y and Z)' 
Signal Voltage Range (Diff. or eM ±IO ±IO V 

Operating Diff.) :t 12 :tI2 V 
Offset Voltage X, Y ±S ±20 ±2 ±10 mV 
Offset Voltage Drift X, Y 100 150 "VI"C 
Offset Voltage Z ±5 ±30 ±2 ±IS mV 
Offset Voltage Drift Z 500 300 "vrc 
CMRR 60 SO 70 90 dB 
Bias Current O.S 2.0 O.S 2.0 .,.A 
Offset Current 0.1 0.1 .,.A 
Differential Resistance 10 10 MO 

DIVIDER PERFORMANCE 

Transfer Function (XI> Xl) 
(Z,-Z,) 

10V(X,_X,)+Y, 
(Z,-Z,) 

IOV(X,_X,/Y, 

TotalErrorl(X= lOY, ~ lOVsZs+ IOV) ±0.7S 
(X~lV. -IV"Z,,+lV) ±2.0 
(O.lVsXsIOV, ~ IOVs 

Z-<IOV) ±2.5 

SQUARE PERFORMANCE 

Transfer Function 
(X,-X,)' 
--wv-+ Z, 

TotaiError(-lOVsX:SIOV) ±0.6 

SQUARE-ROOTER PERFORMANCE 
Transfer Function (Zl :s;Z2) VIOV(Z, - Z,) + X, 
Total Error' (lV"Z"IOV) ±1.0 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated. Performance :tIS 
Operating ±S 

Supply Current 
Quiescent 4 

NOTES 
IPiguresgivenarepercentoffullscale. ± lOV(i.e.,O.OI% = ImV). 
2May be reduced down to 3Vusingextemal resistor between - V s and SF. 
3IrreducibJe component due to nonlinearity: excludes effect of offsets. 
"Using external resistor adjusted to give SF = lV. 
SSee functional block diagram for definition of sections. 
Specifications subject to change without notice. 

±22 

6 

±O.3S % 
::!:l.O % 

±1.0 % 

(X,-X,)' 
--wv-+ Z, 

±0.3 % 

VIOV(Z, - Z,) + X, 
±O.S % 

±lS V 
±S ±22 V 

4 6 rnA 

Specifications shown in boldface are tested on all production unitaatfinaI electri~ 
cal test. Results from those tests are used. to calculate ourgoing quality levels. AU 
min and IIlU speciftcations are auuanteed, although only those shown in 
boldface are tested on all production units. 

AD534 
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AD534 
CHIP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 
ABSOLUTE MAXIMUM RATINGS 

Contact factory for latest dimensions. ADS34J, K, L ADS34S, T 

x, 

SF 

v, 

THE AD534IS AVAILABLE IN LASER·TRIMMED CHIP FORM 

Thermal Characteristics. 
Thermal ResistanceOJC = 25°CIW for H-lOA 

OJA = l50°CIW for H-lOA 
0JC = 25°CIW for D-14 or E-20A 
OJA = 95°CIW for D-14 or E-20A 

Model 

AD534JD 
AD534KD 
A0534LD 
AD534JH 
AD534KH 
AD534LH 
A0534JChip 
AD534KChip 
AD534SD 
AD534SD/883B 
A0534TD 
AD534TD/883B 
JM385l0113902BCA 
JM385l011390lBCA 
AD534SE 
AD534SE/883B 
A0534TE 
AD534TE/883B 
'l\0534SH 
AD534SHl883B 
A0534TH 
AD534THl883B 
JM385l0113902BIA 
JM385l011390lBIA 
A0534SChip 
AD534TChip 

Supply Voltage ±18V ±22V 
Internal Power Dissipation SOOmW 
Output Short-Circuit to Ground Indefinite 
Input Voltages,XI X2 VI V2 Zl Z2 ±Vs 
Rated Operating Temperature Range 0 to +70° C 

Storage Temperature Range 
Lead Temperature, 60s soldering 

-65°C to +lSOoC • 
+300oC 

·Same as ADS34J specs. 

OPTIONAL TRIMMING CONFIGURATION 

+Vs 

ORDERING GUIDE 

Temperature Package 
Range Description 

O°Cto + 70°C Side Brazed DIP 
O°Cto + 70°C Side Brazed DIP 
O°Cto + 70°C Side Brazed DIP 
O°Cto + 70°C Header 
O°Cto + 70°C Header 
O°Cto + 70°C Header 
O°Cto + 70°C Chip 
O°Cto + 70°C Chip 
- 55°C to + 125°C Side Brazed DIP 
- 55°C to + 125°C Side Brazed DIP 
- 55°C to + 125°C Side Brazed DIP 
- 55°C to + 125°C Side Brazed DIP 
- 55°C to + l25°e Side Brazed DIP 
- 55°e to + 125°C Side Brazed DIP 
- 55°C to + l25°e Lee 
- 55°C to + 125°C LCC 
- 55°e to + l25°e Lee 
- 55°e to + l25°e Lee 
- 55°C to + l25°e Header 
- 55°C to + l25°e Header 
- 55°C to + l25°e Header 
- 55°C to + 125°C Header 
-55°Cto + 125°C Header 
- 55°e to + l25°e Header 
- 55°C to + 125°C Chip 
- 55°C to + 125°C Chip 

lk 

Package 
Option· 

D-14 
D-14 
D-14 
H-lOA 
H-IOA 
H-lOA 

D-14 
D-14 
D-14 
D-14 
D-14 
D-14 
E-2OA 
E-2OA 
E-20A 
E-20A 
H-lOA 
H-lOA 
H-IOA 
H-lOA 
H-lOA 
H-IOA 

TO APPROPRIATE 
INPUT TERMINAL 

*For outline information see Package Information section. 
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FUNCTIONAL DESCRIPTION 

Figure 1 is a functional block diagram of the AD534. Inputs 
are converted to differential currents by three identical voltage· 
to-current converters, each trimmed for zero offset. The prod
uct of the X and Y currents is generated by a multiplier cell 
using Gilbert's translinear technique. An on-chip "Buried 
Zener" provides a highly stable reference, which is laser trim
med to provide an overall scale factor of lOY. The differ-
ence between XV/SF and Z is then applied to the high gain 
output amplifier. This permits various closed loop configura
tions and dramatically reduces nonlinearities due to the inpu t 
amplifiers, a dominant source of distortion in earlier designs. 
The effectiveness of the new scheme can be judged from the 
fact that under typical conditions as a multiplier the nonlinear
ity on the Y input, with X at full scale (±IOV), is ±0.005% of 
F.S.; even at its worst point, which occurs when X = ±6.4V, 
it is typically only ±0.05% of F.S. Nonlinearity for signals 
applied ro the X input, on the other hand, is determined al
most entirely by the multiplier element and is parabolic in 
form. This error is a major factor in determining the overall 
accuracy of the unit and hence is closely related to the 
device grade. 

r-;;:~;-1--------o +v, 
,,0------1 

L.:~~J-----o -v, 
TRANSFER FUNCTION 

x, 

X2 
Vo -A [6(1 -X2~~Yl -Y2) -(Z, -Z21] 

v, 

V2 OUT 

z, 

Z2 

Figure 7. AD534 Functional Block Diagram 

The generalized transfer function for the AD534 is given by: 
V _i(X1- X2)(Y1- Y2) \ 

OUT- '\ SF -(Z1- Z2)/ 

where A = open loop gain of output amplifier, typically 
70dB at de 

X, Y, Z = input voltages (full scale = ±SF, peak= 
±1.25SF) 

SF = scale factor, pretrimmed to 10.00V but 
adjustable by the user down to 3V. 

In most cases the open loop gain can be regarded as infinite, 
and SF will be lOY. The operation performed by the ADS34, 
can then be described in terms of equation: 

(X1-X2)(Y1-Y2)= IOV(Z1- Z2) 

The user may adjust SF for values between 10.00V and 3V by 
connecting an external resistor in series with a potentiometer 
between SF and -Vs. The approximate value of the total resist
ance for a given value of SF is given by the relationship: 

REV. A 

SF 
RSF = S.4K ---

10 - SF 

AD534 
Due to device tolerances, allowance should be made to vary 
RSF by ±2S% using the potentiometer. Considerable reduction 
in bias currents, noise and drift can be achieved by decreasing 
SF. This has the overall effect of increasing signal gain with
out the customary increase in noise. Note that the peak input 
signal is always limited to 1.2SSF (i.e., ±SV for SF = 4V) so the 
overall transfer function will show a maximum gain of 1.2S. 
The performance with small input signals, however, is improved. 
by using a lower SF since the dynamic range of the inputs is 
now fully utilized. Bandwidth is unaffected by the use of this 
option. 

Supply voltages of ±15V are generally assumed. However, satis
factory operation is possible down to ±8V (see curve I). Since 
all inputs maintain a constant peak input capability of ±1.2SSF 
some feedback attenuation will be necessary to achieve output 
voltage swings in excess of ±12V when using higher supply 
voltages. 

OPERATION AS A MULTIPLIER 
Figure 2 shows the basic connection for multiplication. Note 
that the circuit will meet all speCifications without trimming. 

X INPUT 
t10V f8 
t12VPK 

V INPUT 
t10V FS 
t12V PK 

X, +v, 

X2 

+15V 

OUTPUT, :t12V PK 
1--..... --- .{Xl-X2~~'-Yzl +Z2 

-1BV 

Figure 2. Basic Multiplier Connection 

In some cases the user may wish to reduce ac feed through to 
a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (±3OmV range required) to the X or Y 
input (see Optional Trimming Configuration, page 3). Curve 4 
shows the typical ac feedthrough with this adjustment mode. 
Note that the Y input is a factor of 10 lower than the X input and 
should be used in applications where null suppression is critical. 

The high impedance Z2 terminal of the ADS 34 may be used to 
sum an additional signal into the output. In this mode the output 
amplifier behaves as a voltage follower with a 1MHz small signal 
bandwidth and a 20V/lls slew rate. This terminal should 
always be referenced to the ground point of the driven system, 
particularly if this is remote. Likewise the differential inputs 
should be referenced to their respective ground potentials to 
realize the full accuracy of the ADS34. 

A much lower scaling voltage can be achieved without any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 3. In this example, the scale is such that 
V OUT = XY, so that the circuit can exhibit a maximum gain of 
10. This connection results in a reduction of bandwidth to 
about 80kHz without the peaking capacitor CF = 20OpF. In 
addition, the output offset voltage is increased by a factor of 
10 making external adjustments necessary in some applications. 
Adjustment is made by connecting a 4.7MO resistor between 
Z1 and the slider of a pot connected across the supplies to 
provide ±30OmV of trim range at the output. 
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AD534. 
Feedback attenuation also retains the capability for adding a 
signal to the output. Signals may be applied to the high imped-

X INPUT 
±10V FS 
':12VPK 

Y INPUT 
±1OV FS 
±12V PK 

x, +v, +15V 

X, 

OUTPUT, ±12V PK 
OUT ·(X1-~)(Y1-Y2) 

AD534 
(SCALE -lV) 

SF z, 

Z, 
OPTIONAL 
PEAkiNG 

Y, CAPACITOR 
CF = 200pF 

Y, Ns 

Figure 3. Connections for Scale-Factor of Unity 

ance Z2 terminal where they are amplified by + 10 or to the 
common ground connection where they are amplified by + 1. 
Input signals may also be applied to the lower end of the 10kU 
resistor, giving a gain of -9. Other values of feedback ratio, up 
to X100, can be used to combine multiplication with gain. 

Occasionally it may be desirable to convert the output to a 
current, into a load of unspecified impedance or dc level. For 
example, the function of multiplication is sometimes followed 
by integration; if the output is in .the form of a current, a simple 
capacitor will provide the integration function. Figure 4 shows 
how this can be achieved. This method can also be applied in 
squaring, dividing and square rooting modes by appropriate 
choice of terminals. This technique is used in the voltage-con
trolled low-pass filter and the differential-input voltage-to
frequency convener shown in the Applications Section. 

X INPUT x, +v, 
:l:1OVF.5. 
:t12YPK X, 

CURRENT -SENSING 

OUT 
RESISTOR, Rs. 2kn MIN 

ADti34 I z, ---1 
lOUT- I 

Z, (X, -Xa)lV, -Yz) .-1. I 
10V RS I 

I 
Y INPUT Y, _.L_ 
±1OVF.s. INTEGRATOR ... T'" 

±12VPK Y, ·v, fS'E"ti~lc'W ~,~ 

Figure 4. Conversion of Output to Current 

OPERATION ASA SQUARER 
Operation as a squarer is achieved in the same fashion as the 
multiplier except that theX and Y inputs are used in parallel. 
The differential inputs can be used to determine the output 
polarity (positive fprXl = Y 1 and X2 = Y 2, negative if either 
one of the inputs is reversed). Accuracy in the squaring mode 
is typically a factor of 2 better than in the multiplying mode, 
the largest errors occurring with small values of output for 
input below 1V. 

If the application depends on accurate operation for inputs 
that are always less than ±3V, the use of a reduced value of 
SF is recommended as described in the FUNCTIONAL 

·See the ADS3S Data Sheet for more details. 

2-20 ANALOG MUL TIPLIERSIDIVIDERS 

DESCRIPTION section (previous page). Alternatively, a feed
back attenuator may be used to raise the output level. This is 
put to use in the difference-of-squares application to compen
sate for the factor of 2 loss involved in generating the sum 
term (see Figure 7). 

The difference-of-squares function is also used as the basis for 
a novel rms-to-dc converter shown in Figure 14.The averaging 
filter is a nue integrator. and the loop seeks to iero its input. 
For this to occur, (VIN)2 - (VOUT)2 = 0 (for signals whose 
period is well below the averaging time-constant). Hence VOUT 
is forced to equal the rms value of VIN. The absolute accuracy 
of this technique is very high; at medium frequencies, and for 
signals near full scale, it is determined almost entirely by the 
ratio of the resistors in the inverting amplifier. The multiplier 
scaling voltage affects only open loop gain. The data shown is 
typical of performance that can be achieved with an ADS 34K, 
but even using an ADS34J. this technique can readily provide 
better than 1% accuracy over a wide frequency range, even for 
crest-factors in excess of 10. 

OPERATION AS A DIVIDER 
The ADS3S. a pin for pin functional equivalent to the ADS34. 
has guaranteed performance in the divider and square-rooter 
configurations and is recommended for such applications. 
Figure S shows the connection required for division. Unlike 
earlier products. the ADS 34 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Y 1. As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in curve 8. 

Without additional trimming, the accuracy of the ADS 34K and 
L is sufficient to maintain a 1 % error over a 10V to 1 V denomi
nator range. This range may be extended to 100: 1 by simply 
reducing the X offset with an externally generated trim voltage 
(range required is ±3.SmV max) applied to the unused X input 
(see Optional Trimming Configuration). To trim, apply a 
ramp of +l00mV to +V at 100Hz to both Xl and Zl (if X2 
is used for offset adjustment, otherwise reverse the signal po
larity) and adjust the trim voltage to minimize the variation in 
the output.· 

X-INPUT 
(DENOMINATOR) 

+'ov FS 
+12V PK 

OPTIONAL 
SUMMING INPUT 

:t,OV PK 

I 
I 

V 

+ 
x, -v. 
x, 

OUT 

AD534 

" Z, 

z, 

Y, 

Y, ·v, 

+15V 

OUTPUT, :t12V PK 
_ ,OV(Zz-Z,1 +y 
- (X, -X21 ' 

Z·INPUT 
(NUMERATOR) 

:!:1OV FS. ±12V PK 

-16V 

Figure 5. Basic Divider Connection 
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AD534 
Since the output will be near +10V, it should be ac-coupled for Typical Performance Curves 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 (typical at +25°C, with Vs = ±15V dc unless otherwise stated.) 
to 1. 

As with the multiplier connection, overall gain can be intro
duced by inserting a simple attenuator berween the output and 
y 2 terminal. This option, and the differential-ratio capability 
of the ADS34 are utilized in the percentage-computer applica
tion shown in Figure 11. This configuration generates an out
put proportional to the percentage deviation of one variable 
(A) with respect to a reference variable (B), with a scale of one 
volt per percent. 

OPERATION AS A SQUARE ROOTER 
The operation of the ADS 34 in the square root mode is shown 
in Figure 6. The diode prevents a latching condition which 
could occur if the input momentarily changes polarity. As 
shown, the output is always positive; it may be changed to a 
negative output by reversing the diode direction and inter
changing the X inputs. Since the signal input is differential, all 
combinations of input and output polarities can be realized, 
but operation is restricted to the one quadrant associated with 
each combination of inputs. 

X, +v, 

X, 

OPTIONAL 
SUMMING OUT 
INPUT,X. 

AD534 :tlOVPK 
SF Z, 

I 
I 

V Z, 

Y, 

Y, -v, 

+15V 

OUTPUT. i12V PK 
=J 10V(Z2 -Z,)+Xz 

I 
I 
I 
I 

REVERSE I 
THIS AND X ~ RL INPUTS FOR (MUST BE 
NEGATIVE PROVIDED) 
OUTPUTS I 

I 

V 

- Z·INPUT 
10V FS 

+ 12VPK 

-15V 

Figure 6. Square-Rooter Connection 

In contrast to earlier devices, which were intolerant of capaci
tive loads in the square root modes, the ADS 34 is stable with 
all loads up to at least 1000pF. For critical applications, a small 
adjustment to the Z input offset (see Optional Trimming Con
figuration) will improve accuracy for inputs below IV. 

The versatility of the ADS 34 allows the creative designer to 
implement a variety of circuits such as wattmeters, frequency 
doublers and automatic gain controls to name but a few. 
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L 
// V 

OUTPUT. '< /:: ~'N""TS. SF' ,ov 

/ / 
~ 

POSITIVE OR NEGATIVE SUPPLY _ Volts 

Curve 1. Input/Output Signal Range vs. Supply Voltages 

...... , 
........ 

.............. ~NGVOLTAGE"lOV 

--...... r--r-
""--...... .......... SCALING VOLTAGE" 3V 

-
TEMPERATURE - QC 

Curve 2. Bias Current vs. Temperature (X, Y or Z Inputs) 

.. ...... 
so 

70 
I'-., 

TYPICAL/ 
FOR ALL 

"'-INPUTS 

'\ 
1\ 

, .. 
FREOUENCY - HI 

Curve 3. Common-Mode Rejection Ratio vs. Frequency 
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AD534 
'000 

J,HlL ...... 
'\ V 

....., 
"\. 

~ ~FEEDTHROUGH 
.... 

// 

....... ~ 

, .. 'OM 

fREQUENCY - Hz 

Curve 4. AC Feedthrough vs. Frequency 

-- I--- SCALING VOLTAGE" lOV 

JNG1JJl 
0.5 

fREQUENCY _ Hz 

Curve 5. Noise Spectral Density vs. Frequency 

CONDITIONS: V 10Hz - 10kHz BANDWIDTH 

/ 

~ 
~ 70 

~ 
S 
~ 
il 

/V 
Y 

/' 

V .. 
SCALING VOLTAGE, SF - Volb 

Curve 6. Wideband Noise vs. Scaling Voltages 
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~ I~B+++I~n 
'j\ ~ c!.{f ~'·'-1 ,\dl~l~F 

CfCi200pF 

CL<l000pF \ W~HX10 ,\MAL CF-O FEEDBACK CONNECTION 

\TnN\OR 

'OM 
FREQUENCY _ Hz 

Curve 7. Frequency Response as a Multiplier 

-, 
~"l00rnVdc Yz·1OmVrm. 

Vx .. lVdc: 

1\ 'V 
Vz .. l00mVrmt 

r-. 
\ 

0 
r\ 

\l:~f 
-20'k 10. , ... 

Curve 8. Frequency Response vs. Divider Denominator 
Input Voltage 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 

VOUT = Vy (~:) m Transfer Function 

Wide Dynamic Range (Denominator) -1000:1 
Simultaneous Multiplication and Division 
Resistor-Programmable Powers & Roots 
No External Trims Required 
Low Input Offsets <100 ,..V 
Low Error ±0.250/0 of Reading (100:1 Range) 
+2 V and +10 V On-Chip References 
Monolithic Construction 

APPLICATIONS 
One- or Two-Quadrant Mult/Div 
Log Ratio Computation 
Squaring/Square Rooting 
Trigonometric Function Approximations 
Linearization Via Curve Fitting 
Precision AGC 
Power Functions 

PRODUCT DESCRIPTION 
The AD538 is a monolithic real-time computational circuit 
which provides precision analog multiplication, division and 
exponentiation. The combination of low input and output offset 
voltages and excellent linearity results in accurate computation 
over an unusually wide input dynamic range. Laser wafer trim
ming makes multiplication and division with errors as low as 
0.25% of reading possible, while typical output offsets of 
100 fJ. V or less add to the overall off-the-shelf performance level. 
Real-time analog signal processing is further enhanced by the 
device's 400 kHz bandwidth. 

The ADS38's overall transfer function is Vo = Vv (VzNx)m. 
Programming a particular function is via pin strapping. No 
external components are required for one-quadrant (positive 
input) multiplication and division. Two-quadrant (bipolar 
numerator) division is possible with the use of external level 
shifting and scaling resistors. The desired scale factor for both 
multiplication and division can be set using the on-chip + 2 V or 
+ 10 V references, or controlled externally to provide simulta
neous multiplication and division. Exponentiation with an m 
value from 0.2 to 5 can be implemented with the addition of one 
or two external resistors. 

Direct log ratio computation is possible by utilizing only the log 
ratio and output sections of the chip. Access to the multiple 
summing junctions adds further to the AD538's flexibility. 
Finally, a wide power supply range of ±4.5 V to ±18 V allows 
operation from standard ±5 V, ±12 V and ±IS V supplies. 

This is an abridged version of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 
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Real-Time Analog 
Computational Unit (ACU) 

AD538 I 
FUNCTIONAL BLOCK DIAGRAM 

The AD538 is available in two accuracy grades (A and B) over 
the industrial (-25°C to + 85°C) temperature range and one 
grade (S) over the military (- 55°C to + 125°C) temperature 
range. The device is packaged in an 18-pin TO-ll8 hermetic 
side-brazed ceramic DIP. A-grade chips are also available. 

PRODUCT HIGHLIGHTS 
1. Real-time analog multiplication, division and exponentiation. 

2. High accuracy analog division with a wide input dynamic 
range. 

3. On-chip +2 V or + 10 V scaling reference voltages. 

4. Both voltage and current (summing) input modes. 

S. Monolithic construction with lower cost and higher reliability 
than hybrid and modular circuits. 

PIN CONFIGURATION 

I, 

V, 

SIGNALGND 

PWRGND 

Iy 

Vy 

• 
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AD538 - SPECIFICATIONS (Vs = ±15 v, TA = +25°C unless othelWise specified) 

ADS38AD ADS38BD ADS38SD 

Parameters Conditions Min Typ Max Min Typ Max Min Typ Max Units 

MULTIPLIER/DIVIDER 
PERFORMANCE 

Nominal Transfer 
Function 

lOV;::::Vx,Vy,Vz 2:!O (Vzf Va~Vy Vx (Vzf Va~Vy Vx (Vzf Va~Vy Vx 

400 jJA ~ Ix, Iy, Iz ~ 0 Va~25k!lXIY(~r (Izf Va ~ 25 k!l x Iy I;, (Izr Va~25k!lxIy I;, 

Total Error Terms lOOmVoS Vx oS 10V ±0.5 ±1 ±0.25 :to.S ±0.5 ±l % of Reading + 
100:1 Input Rangel l00mV oS Vy oS IOV ±200 :tSOO ±100 :t2S0 ±200 :tSOO fLY 

lOOmVsVzs IOV 
Vz s 10 Vx , m = 1.0 

TA = Tmin to Tmax ±I :t2 ±0.5 :tl ±1.25 +2.5 % of Reading + 
±450 :t7S0 ±350 ±SOO ±750 ±1000 fLY 

Wide Dynamic Range2 IOmVsVxoS IOV ±I :t2 ±0.5 :tl ±I :t2 % of Reading + 
ImVSVyoS 10V ±200 :tSOO ±IOO :t2S0 ±200 :tSOO fLV+ 
OmVsVzs lOV ±IOO :t2S0 ±750 :tlS0 ±200 :t2S0 fLY x 01y + Vz)/Vx 

V'j. :s; 10 Vx , m = 1.0 

TA = TOlin to Tmn: ±I :t3 ±I :t2 ±2 :t4 % of Reading + 

±450 :t7SO ±350 ±SOO ±750 :tl000 fLV+ 
±450 ±750 ±350 :tSOU ±750 :tl000 fLY x 01y + Vz)/Vx 

Exponent (m) Range TA = Tmin to Tmax 0.2 5 0.2 5 0.2 5 

OUTPUT 
CHARACfERISTICS 

Offset Voltage Vy ~ 0, Vc ~ -600mV ±200 :tSOO ±IOO :t2S0 ±200 ±SOD fLY 
TA = Tmin to TDlI!Jl ±450 ±7S0 ±350 ±SOO ±750 ±1000 fLY 

Output Voltage Swing RL ~ 2k!l -11 ±11 -11 +11 -11 +11 V 
Output Current 5 10 5 10 5 10 mA 

FREQUENCY RESPONSE 
Slew Rate 1.4 1.4 1.4 VlfLS 

Small Signal Bandwidth 100 mV :s: 10 Vy, Vz, 400 400 400 kHz 
Vxs 10V 

VOLTAGE REFERENCE 
Accuracy VREF ~ 10 V or 2 V ±25 ±SO ±15 ±25 ±25 ±SO mV 

Additional Error TA = Tmin or Tmax ±20 ±30 ±20 ±30 ±30 ±SO mV 

Output Current VREF ~ 10 V to 2 V 1 2.5 1 2.5 1 2.5 mA 
Power Supply Rejection 

+2V ~ VREF ±4.S V s; Vs::::; ±18 V 300 600 300 600 300 600 fLVN 
+10 V = VREF ±13VsVs s ±18V 200 SOU 200 500 200 500 fLVN 

POWER SUPPLY 

Rated RL ~ 2k!l ±15 ±15 ±15 V 
Operating Range' :t4.S :t18 :t4.S :t18 :t4.S :t18 V 
PSRR ±4.5V<Vs< ±18V 0.5 0.1 0.05 0.1 0.5 0.1 %N 

Vx ~ Vy ~ Vz ~ I V 

VOUT ~ I V 
Quiescent Current 4.5 7 4.5 7 4.5 7 mA 

TEMPERATURE RANGE 
Rated -25 +85 -25 +85 -55 +125 "C 
Storage -65 +150 -65 +150 -65 +150 "C 

PACKAGE OPTIONS' 

Cerantic (D·18) AD538AD AD538BD AD538SD 
AD538SD/883B 

Chips AD538A Chips 

NOTES 
lOver the 100 mV to 10 V operating range total error is the sum of a percent of reading term and an output offset. With this input dynamic range the input 
offset contribution to total error is negligible compared to the percent of reading error. Thus, it is specified indirectly as a part of the percent of reading error. 

2The most accurate representation of total error with low level inputs is the summation of a percent of reading term, an output offset and an input offset 
multiplied by the incremental gain (Vy + Vz)/Vx. 

3When using supplies below ±13 V the 10 V reference pin must be connected to the 2 V pin in order for the ADS38 to operate correctly. 
4For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
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RE-EXAMINATION OF MUL TIPLIERIDIVIDER 
ACCURACY 
Traditionally, the "accuracy" of (actually the errors of) analog 
multipliers and dividers have been specified in terms of percent 
of full scale. Thus specified, a 1 % multiplier error with a 10 V 
full-scale output would mean a worst ~ase error of + 100 mV at 
"any" level within its designated output range. While this type 

of error specification is easy to test, evaluate, and interpret, it 
can leave the user guessing as to how useful the multiplier actu
ally is at low output levels, those approaching the specified error 
limit (in this case) 100 mY. 

The AD538's error sources do not follow the percent of full
scale approach to specification, thus it more optimally fits the 
needs of the very wide dynamic range applications for which it 
is best suited. Rather than as a percent of full scale, the 
AD538's error as a multiplier or divider for a 100:1 (100 mV to 
10 V) input range is specified as the sum of two error compo
nents: a percent of reading (ideal output) term plus a fixed out
put offset. Following this format the AD538AD, operating as a 

AD538 

multiplier or divider with inputs down to 100 mY, has a maxi
mum error of ± 1 % of reading ± 500 11 V. Some sample total er
ror calculations for both grades over the 100:1 input range are 
illustrated in the chart below. This error specification format is 
a familiar one to designers and users of digital voltmeters where 
error is specified as a percent of reading ± a certain number of 
digits on the meter readout. 

For operation as a multiplier or divider over a wider dynamic 
range (> 100:1), the AD538 has a more detailed error specifica
tion which is the sum of three. components: a percent of reading 
term, an output offset term and an input offset term for the 
V y/V x log ratio section. A sample application of this specifica
tion, taken from the chart below, for the AD538AD with Vy = 
1 V, Vz = 100 mV and Vx = 10 mV would yield a maximum 
error of ±2.0% of reading ±500 I1V ±(l V + 100 mV)/I0 mV 
x 2S0 I1Vor ±2.0% of reading ±SOO I1V ± 27.S mY. This ex
ample illustrates that with very low level inputs the ADS38's 
incremental gain (Vy + Vz)/Vx has increased to make the input 
offset contribution to error substantial. 

AD538 SAMPLE ERROR CALCULATION CHART (Worst Case) 

Vy Vz Vx Ideal Total Offset % of Reading 
Input Input Input Output Error Term Error Term 
(in V) (in V) (in V) (in V) (inmV) (in mY) 

100:1 10 10 10 10 0.5 (AO) 100 (AO) 
INPUT 0.25 (BO) 50 (BO) 

RANGE 
Total Error = 10 0.1 0.1 10 0.5 (AO) 100 (AO) 

±% rdg 0.25 (BO) 50 (BO) 
±Output Vos 

I I I I 0.5 (AO) 10 (AO) 
0.25 (BO) 5 (BO) 

0.1 0.1 0.1 0.1 0.5 (AO) I (AO) 
0.25 (BO) 0.5 (BO) 

WIDE I 0.10 0.01 10 28 (AO) 200 (AO) 
OYNAMIC 16.75 (BO) 100 (BO) 

RANGE 
T Olal Error = 10 0.05 2 0.25 1.76 (AO) 5 (AO) 

±% rdg I (BO) 2.5 (BO) 
±Output Vas 

±Input Vas X 5 0.01 0.01 5 125.75 (AO) 100 (AO) 
(Vy+Vz)Nx 75.4 (BO) 50 (BO) 

10 0.01 0.1 I 25.53 (AO) 20 (AO) 
15.27 (BO) 10 (BO) 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation .................. 2S0 m W 
Output Short Circuit-to-Ground .............. Indefinite Model 
Input Voltages Vx , Vy, Vz ........... (+Vs -I V), -I V 
Input Currents lx, Iy , Iz, 10 .................. I rnA 
Operating Temperature Range ........... -25°C to +8SoC 
Storage Temperature Range ........... -6SoC to + ISO°C 
Lead Temperature, Storage ............. 60 sec, + 300°C 
Thermal Resistance 

AD538AD 
AD538BD 
AD538A Chips 
AD538SD 
AD538SD/883B 

Total Error Total Error Summation 
Summation as a % of the Ideal 

(inmV) Output 

100.5 (AO) 1.0 (AO) 
50.25 (BO) 0.5 (BO) 

100.5 (AO) 1.0 (AO) 
50.25 (BO) 0.5 (BO) 

10.5 (AO) 1.05 (AO) 
5.25 (BO) 0.5 (BO) 

1.5 (AO) 1.5 (AO) 
0.75 (BO) 0.75 (BO) 

228 (AO) 2.28 (AO) 
116.75 (BO) 1.17 (BO) 

6.76 (AO) 2.7 (AO) 
3.5 (BO) 1.4 (BO) 

225.75 (AO) 4.52 (AO) 
125.4 (BO) 2.51 (BO) 

45.53 (AO) 4.55 (AO) 
25.27 (BO) 2.53 (BO) 

ORDERING GUIDE 

Temperature 
Range 

- 25°C to + 8SoC 
- 2SOC to + 85°C 
-25°C to +85°C 
-5SOC to + 12SOC 
- 5SOC to + 12SOC 

Package 
Description * 
Side-Brazed Ceramic DIP 
Side-Brazed Ceramic DIP 
Chips 
Side-Brazed Ceramic DIP 
Side-Brazed Ceramic DIP 

aJe •••••••••••••••••••••.•••••.•••• .3SoC/W 
aJA ••••••••••.••••••••••••••••••••• 120<CfW 

*For outline information see Package Information section. 
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AD538 - Typical Characteristics 
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~ANALOG 
WDEVICES 

FEATURES 
Two Quadrant Multiplication/Division 
Two Independent Signal Channels 
Signel Bandwidth of 60MHz (louT) 
Un .. r Control Channel Bandwidth of 5MHz 
Low Distortion (to 0.01%) 
Fully-c.llbrated. Monolithic Circuit 

APPLICAnONS 
PrecIse High Bandwidth AGC and VCA Systems 
Voltege-Controlled Filters 
Vlcleo-Slgnal Processing 
High-Speed Analog Division 
Automatic Signal-Leveling 
Square-Law GalnlLoss Control 

PRODUCT DESCRIPTION 
The AD539 is a low-distonion analog multiplier having two 
identical signal channels (yl and Y2), with a common X-input 
providing linear control of gain. Excellent ac characteristics up 
to video frequencies and a 3dB bandwidth of over 60MHz are 
provided. Although intended primarily for applications where 
speed is important the circuit exhibits good static accuracy in 
"computational" applications. Sc:aling is ac:c:urately determined 
by a band-gap voltage reference and all critical parameters are 
laser-trimmed duriog manufacture. 

The full bandwidth can be rea1ized over most of the gain range 
usiog the AD539 with simple resistive loads of up to lOOO. 
Output voltage is restricted to a few hundred millivolts under 
these conditions. Using external op amps such as the AD5539 in 
conjunction with the on-chip scaliog resistors, ac:c:urate multipli
cation can be achieved, with bandwidths typically as high as 
SOMHz. 

The two channels provide flexibility. In siogle-channel applications 
they may be used in parallel, to double the output current, or in 
series, to achieve a square-law gain function with a control 
range of over lOOdB, or differentially, to reduce distonion. 
Alternatively, they may be used independently, as in audio 
stereo applications, with low crosstalk between channels. Voltage
conuolled filters and oscillators using the "state-variable" approach 
are easily designed, takiog advantage of the dual channels and 
common control. The ADS39 can also be conftgured as a divider 
with signal bandwidths up to 15MHz. 

Power consumption is only 135mW using the recommended 
± 5V supplies. The AD539 is available in three versions: the 
"J" and "K" grades are specified for 0 to + 7O"C operation and 
"S" grade is guaranteed over the extended range of - 55°C to 
+ 12SOC. The J and K grades are available in either a hermetic 
c:eramic: DIP (D) or a low cost plastic DIP (N), while the S 
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Wideband Dual-Channel 
Linear Multiplier/Divider 

AD539 I 
PIN CONFIGURATION 
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VyzlCHAN Z IMIUTI 8 H:;X)---..... --l11J11 g~~ 

::'MON 7 

~8 

grade is available in ceramic DIP (D) or LCC (E). J-grade chips 
are also available. The S grade is now available in MlL-STD-883 
and Standard Military Drawing (DESC) Number 5962-
898090IEA versions. 

DUAL SIGNAL CHANNELS 
The signal voltage inputs, VYI and VY2, have nominal full-scale 
(FS) values of ± 2V with a peak range to ± 4.2V (usiog a negative 
supply of7 .SV or greater). For video applications where differential 
phase is critical a reduced input range of ± I volt is recommended, 
resulting in a phase variation of typically ±0.2° at 3.579MHz 
for full gain. The input impedance is typically 4OOkO shunted 
by 3pF. Signal channel distonion is typically well under 0.1 % at 
10kHz and can be reduced to 0.01% by usiog the channels 
differentially. 

COMMON CONTROL CHANNEL 
The control channel ac:c:epts positive inputs, V x, from 0 to + 3V 
FS, ± 3.3V peak. The input resistance is 5000. An external, 
grounded capacitor determines the smaIl-signal bandwidth and 
recovery time of the control amplifier; the minimum value of 
3nF allows a bandwidth at mid-gain of about 5MHz. Larger 
compensation capacitors slow the c:onuol channel but improve 
the high-frequency performance of the signal channels. 

FLEXIBLE SCALING 
Usiog either one or two external op amps in conjunction with 
the on-chip 6kO scaling resistors, the output currents (nominally 
± IrnA FS, ±2.25rnA peak) can be converted to voltages with 
accurate uansfer functions of Vw = - VxVy/2, Vw = - VxVy 
or Vw = -2VxVy (where inputs Vx and Vyand output Vw 
are expressed in volts), with corresponding full-sc:ale outputs of 
± 3V, ± 6V and ± l2V. Alternatively, low-impedance grounded 
loads can be used to achieve the full signal bandwidth of 6OMHz, 
in which mode the sc:a1ing is less accurate. 
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AD539-SPECIFICATIONS (@TA = 25°C, Vs = ±5V, unless otherwise noted} 

ADS39J AD539K -. .Coaditioao Mia Tn> - Mia Tn> -SIGNAL-CHANNEL DYNAMIcS 
Minimal Confiauration RefereDce F;"" 6a 

Bandwidth, - 3dB RL ~ 5on, Cc ~ O.Ol"F 30 60 30 60 
Maximum Output +O.lV<Vx<+ 3V, Vyae= IVrms -10 -10 
FecdtIirourh;f<IMHz Vx=o, Vyac= l.SVrms -75 -75 

f~20MHz -55 -55 
Differential Pbue Linearity 

-IV<Vydc< +IV f=3.58MHz,Vx= +3V, ±O.2 ±O.2 
-2V<Vy<k:<+2V Vyac~IOOmV ±O.S ±O.S 

GroupDclay Vx~ +3V, V,ac~IVnns,f~IMHz 4 4 
Standard Dual-Clwmd Multiplier Ref=nce F;""2 

Muimum Output Vx= +3V, Vyac=l.SVrms 4.5 4.5 
Feedthrouah, f<IOOkHz Vx=o, Vyac=l.SVrms I I 
Croastalk(CHlroCH2) VYI = lYnna, VY2 =O 

Vx = +3V,f<100kHz -40 -40 
RTONoise, 10Hzro IMHz Vx= +1.SV, Vy =O.Figurc:2 200 200 
THO + Noise, Vx= + IV, f= 10kHz, Vyac= IV nos 0.02 0.02 

Vy = +3V f= 10kHz, Vyac= IVrms 0.04 0.04 
Wide Band Two-CIwmel Multiplier F;""2 

Bandwidth, - 3dB (l.H0032) +O.lV<Vx<+3V, Vyac= IVrms 25 25 
Maximum Output Vx ~ +3V Vyac=1.5Vrms,f=3MHz 4.5 4.5 
Feedthrougb Vx ~ OV Vyac= 1.0Vrms,f=3MHz 14 14 

Wide Band Single Channel VCA 
(AD5539) Reference FlgUre 8 

Bandwidth, - 3dB +O.lV<Vx<+3V, Vyac= IVnns SO 50 
Mazimum. Output 750 Load ±I ±I 
Feedthrougb Vx~ -0.0IV,f~5MHz -54 -54 

CONTROL CHANNEL DYNAMICS 
Bandwidth, - 3dB Cc~3OOOpF, Vxdc~ + 1.5V, 

Vxac=lOOmVrms 5 5 

SIGNAL INPUTS, Vy , & VY2 

Nominal Full-5cale Input ±2 ±2 
Operational Ranae, IJesradcd Performance -Vss.7V :4.2 "'4.2 
Input Resistance 400 400 
Bias Current 10 30 10 .20 
Offset Voltage Vx = +3V,Vy =O 5 20 5 10 

(T .... toT...,.) 10 5 
Power Supply Sensitivity Vx= +3V,Vy=O 2 2 

CONTROL INPUT, Vx 
Nominal Full-Sca1elnput +3.0 +3.0 
Operational Ranae, DegradcdPerformanc:e +3.1 +3.2 
Input Resistance1 500 500 
Offset Vol_ I 4 I 2 

(T ... roT...,.) 3 2 
Power Supply Sensitivity 30 30 
Gain (F;""2) 

AbsoluteGain Error Vx = +O.lVto +3.0Vand 0.2 0.4 0.1 0.2 
(T ... 10 T...,.) Vy=±ZV 0.3 0.15 

CURRENT OUTPUT' 
Full·SadcOutputCurrent Vx= +3V,Vy= ±ZV ±I ±I 
Peak Output Current Vx= +3.3V, Vy = ±SV, Vs= ±7.SV ±2 ±Z.& ±2 ±2.8 
Output Offset Current Vx=O,Vy=O 0.2 I.S 0.2 I.S 
Output OffsetVoltage2 FigureZ, Vx=O, Vy=O 3 10 3 10 
Output Resistance' 1.2 1.2 
Scaling Resistors 

CHI Zl,WltoCHl 6 6 
CH2 Z2, W2toCH2 6 6 

VOLTAGEOUTPUTS,V..,,&V..,,' (Figure 2) 
Multiplier Transfer Function, 

EitberChannel VV/= - VX'VyNU V..,~ -Vx·VvNu 
Multiplier Scaling Vol_, Vu 0.98 1.0 1.02 0.99 1.0 1.01 

Aa:urocy 0.5 2 0.5 I 
('r .... roT...,.) I 0.5 

Power Supply Sensitivity 0.04 0.04 
Total MultipUc:ation Error' Vx<= +3V, -ZV<Vy<ZV I 2.5 0.6 I.S 

TUitoT_ 2 I 
Control Feedthrouah Vx=Oto +3V, Vy=O 25 60 15 30 

TmiatoTma 30 IS 

TEMPERATURE RANGE 
Rated Performance 0 +70 0 +70 

POWER SU~L1ES 
Operational Ranae ±4.S ±lS ±4.5 :t ~S 
Current Consumption 

+Vs " 8.5 10.2 8.5 10.2 
-V, 18.5 22.2 18.5 22.2 

NOTES 
lReaiiltaDCe value and abaoIu!e current outputs subject to 200/0 to1cram:e. 
2Specusumes tbeatcma10p ampis trimmed forDCJligiblc iDputoffset. 
)lndudcsallemm. 

Specifations subject to dwIge without aoticc. 

Specifications shown in boJdfac:c are !el1ed. on aU production units at f'mal electri· 
cal test. Results from those tests are used to calcula!e owgoing quality levels. AU 
min and mas: specifications are guanntccd, althouP only thoec: shown in 
boldface are tested on aU production units. 
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AD539S 
Mia Tn> - u ... 

30 60 MHz 
-10 dBm 
-75 dUm 
-55 dUm 

±O.2 Depoes 
±o.s Depoes 
4 os 

4.5 V 
I mVrms 

-40 dB 
200 nViv'iiZ 
0.02 % 
0.04 % 

25 MHz 
4.5 Vms 
14 mVnns 

50 MHz 
±I V 
-54 dB 

5 MHz 

±2 V 
"'4.2 V 

400 kll 
10 30 !'A 
5 20 mV 
IS 35 mV 
2 mVN 

+3.0 V 
+3.2 V 

SOO 0 
I 4 mV 

·2 5 mV 
30 "VN 

0.2 0.4 dB 
0.25 0.5 dB 

±I IDA 
±2 ±Z.& IDA 

0.2 1.5 !'A 
3 10 mV 
1.2 kll 

6 kll 
6 kll 

V9I= - Vx'Vy/Vu 
0.98 1.0 1.02 V 

0.5 2 % 
1.0 3 % 
0.04 .%N 
I 2.5 %FSR 
2 4 % 
15 60 mV 
60 120 mV 

-55 +125 "C 

±4.5 ±15 V 

8.5 10.2 IDA 
18.5 22.2 IDA 
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ORDERING GUIDE 

Temperature Package Package 
Model Range Description Optionl 

AD539JN OOCto +70"C Plastic DIP N-16 
AD539KN O'Cto +700c Plastic DIP N-16 
AD539JO OOCto +700c Side Brazed DIP 0-16 
AD539KO O'Cto +700c Side Brazed DIP 0-16 
AD539JChip O'Cto +700c Chip 
AD539SD - 55'C to + 125'C Side Brazed DIP D-16 
AD539SD/883B -55'Cto + 125'C Side Brazed DIP D-16 
5962-898090IEA2 - 55'C to + 125'C Side Brazed DIP D-16 
AD539SE/883B -55'Cto + 125'C LCC E-20A 

NOTES 
IPoroudine information see Package Information section. 
'The standard military drawing version of the AD539 (5962-398090IEA) i. now available. 

Zl Wl 

Vy , VW1 = 
-VX·VY1 

V. 

VY2 
VW2 = 
-VX·VY2 

Z2 W2 

AD539 Functional Block Diagram 

CIRCUIT DESCRIPTION 
Figure I is a simplified schematic of the ADS39. QI-Q6 are 
large-geometry transistors designed for low distortion and low 
noise. Emitter-area scaling further reduces distortion: Q I is 3 
times larger than Q2; 04, QS are each 3 times larger than Q3, 
Q6, and these transistors are twice as large as QI, Q2. A stable 
reference current IREF = 1.375mA is produced by a band-gap 
reference circuit and applied to the common emitter node of a 
controlled-cascode formed by QI and Q2. When Vx = 0, all of 
IREF flows in QI, due to the action of the high-gain control 
amplifier which lowers the voltage on the base of Q2. As Vx is 
raised the fraction of IREF flowing in Q2 is forced to balance the 
control current, V x/2.5k. At the full-scale value of Vx (+ 3V) 
this fraelion is 0.873. Since the bases of Q I, Q4 and Q5 are at 
ground potential and the bases of Q2, Q3 and Q6 are commoned, 
all three controlled-cascodes divide the current applied to their 
emitter nodes in the same proportion. The control loop is stabilized 
by the external capacitor, Ce. 

CO~~~i[i,}-_..,. ______ ~ ____ --., 

Figure 1. Simplified Schematic of AD539 Multiplier 
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AD539 
The signal voltages V VI and V Y2 (generically referred to as V y) 
are first converted to currents by voltage-to-current converters 
with a gm of 57SlJ.mhos; thus, the. full-scale input of ± 2V becomes 
a current of ± 1.15mA, which is superimposed on a bias of 
2.7SmA, and applied to the common emitter node of controlled 
cascode Q3-Q4 or QS-Q6. As just explained, the proportion of 
this current steered to the output node is linearly dependent on 
Vx . Thus for full-scale Vx and Vy inputs, a signal of ± ImA • 
(0.873 x ± 1. I SmA) and a bias component of 2.4mA (0.873 x 
2.75mA) appear at the output. The bias component absorbed by 
the 1.25k resistors also connected to V x, and the resulting signal 
current can be applied to an external load resistor (in which case 
scaling is not accurate) or can be forced into either or both of 
the 61d1 feedback resistors (to the Z and W nodes) by an external 
op amp. In the latter case, scaling accuracy is guaranteed. 

GENERAL RECOMMENDATIONS 
The ADS 39 is a high speed circuit and requires considerable 
care to achieve its full performance potential. A high-quality 
ground plane should be used with the device either soldered 
directly into the board or mounted in a low-profile socket. In 
the figures used here an open triangle denotes a direct, short 
connection to this ground plane; pins 12 and 13 are especially 
prone to unwanted signal pick-up. Power supply decoupling 
capacitors of O.IIJ.F to I",F should be connected from pins 4 
and S to the ground plane. In applications using external high-speed 
op amps, separate supply decoupJing should be used. It is good 
practice to insert small (l on) resistors between the primary 
supply and the decoupling capacitor. 

The control amplifier compensation capacitor, Ce, should likewise 
have short leads to ground and a minimum value of 3nF. Unless 
maximum control bandwidth is esssential it is advisable to use a 
larger value of 0.0 1 ",F to O.IIJ.F to improve the signal channel 
phase response, high-frequency cross~ and high-frequency 
distortion. The control bandwidth is inversely proportional to 
this capacitance, typically 2MHz for Ce = O.OIIJ.F, Vx = 1.7V. 
The bandwidth and pulse response of the control channel can 
be improved by using a feedforward capacitor of S% to 20% the 
value of Ce between pins I and 2. Optimum transient response 
will result when the rise/fall time of Vx are commensurate with 
the control-channel response time. 

Vx should not exceed the specified range of 0 to + 3V. The ac 
gain is zero for V.<O but there remains a feedforward path (see 
Figure I) causing control feedthrough. Recovery time from 
negative values of V x can be improved by adding a small-signal 
Schottky diode with its cathode connected to pin 2 and its anode 
grounded. This constrains the voltage swing on Ce. Above Vx 
= +3.2V, the ac gain limits at its maximum value, but any 
overdrive appears as control feedthrough at the output. 

The power supplies to the ADS39 can be as low as ±4.SV and 
as high as ± 16.SV. The maximum allowable range of the signal 
inputs, Vy , is approximately O.SV above + Vs; the minimum 
value is 2.SV above - V s. To accommodate the peak specified 
inputs of ± 4.2V the supplies should be nominally + SV and 
-7.SV. While there is no performance advantage in raising 
supplies above these values, it may often be convenient to use 
the same supplies as for the op amps. The AD539 can tolerate 
the excess voltage with only a slight effect on dc accuracy but 
dissipation at ± 16.SV can be as high as S3SmW and some form 
of heat-sink is essential in the interests of reliability. 
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TRANSFER FUNCTION 
In using any analog multiplier or divider careful attention must 
be paid to the matter of scaling, particularly in computational 
applications .. To be d~ly consistent a scaling voltage must 
appear in the transfer function, which, for each channel of the 
ADS39 in the standard multiplier configuration (Figure 2) is 

Vw = -VxVyNu 

where the inputs Vx and Vy, the output Vw and the· scaling 
voltage Vu are expressed in a consistent unit, usually volts. In 
this case, Vu is fllted by the design to be I V and it is often 
acceptable in the interest of simplification to use the less rigorous 
expression 

Vw = -VxVy 

where it is understood that all signals llllist be expressed in volts, 
that is, they are rendered dimensionless by division by (IV). 

The accuracy specifications for V u allow the use of either of the 
two feedback resistors supplied with each channel, since these 
are very closely matched, or they may be used in parallel to 
halve the gain (double the effective scaling voltage), when 

Vw = - VxVy/2. 

When an external load resistor, RL, is used the scaling is no 
longer exact since the internal thin-film resistors, while trimmed 
to high ratiometric accuracy, have an absolute tolerance of 20%. 
However, the nominal transfer function is 

Vw = - VxVyNu ' 

where the effective scaling voltage, Vu' can be calculated for 
each channel using the formula Vu' = Vu (SRL + 6.2S)IRL, 
where RL is expressed in kilohms. For example, when RL = 
lOOn, Vu' = 67.5V. Table II provides more detailed data for 
the case where both channels are used in parallel. The ADS39 
can also be used with no external load (output pin 11 or 14 
open-circuit), when Vu' is quite accurately SV. 

BASIC MULTIPLIER CONNECTIONS 
Figure 2 shows the connections for the standard two-channel 
multiplier, using op amps to provide useful output power and 
the ADS39 feedback resistors to achieve accurate scaling. The 
transfer function for each channel is 

Vw = -VxVy 

where inputs and outputs are expressed in volts (see TRANSFER 
FUNCTION). At the nominal full-scale inputs of Vx = + 3V, 
Vy = ±2V the full-scale outputs are ±6V. Depending on the 
choice of op amp, their supply voltages usually need to be about 
2V more than the peak output. Thus, supplies of at least ± 8V 
are required; the ADS39 can share these supplies. Higher outputs 
are possible if V x and· Vy are driven to their peak values of 

V .. ~ __ '.l >---.... vll2 = 
-V.V·u 

NOTE: 
ALL DECOUPLING CAPACITORS ARE O.47 .. F CERAMIC. 

Figure 2. Standard Dual-Channel Multiplier 

2-30 ANALOG MUL TIPLIERSIDIVIDERS 

+3.2Vand ±4.2Vrespectively, when the peak output is ± 13.4V. 
This requires operating the op amps at supplies of ± ISV. Under 
these conditions it is advisable to reduce the supplies to the 
ADS39 to ±7.5V to limit its power dissipation; however, with 
some form of heat sinking it is permissible to operate the ADS39 
directly from ± ISV supplies. 

Viewed as a voltage-controlled amplifier, the decibel gain is 
simply 

G = 20 log Vx 

where Vx is expressed in volts. This results in a gain of IOdB at 
Vx = +3.162V,OdBatVx =+IV, -2OdBatVx = +O.IV, 
and so on. In many ac applications the output offset voltage (for 
Vx = 0 or Vy = 0) will not be of major concern; however, it 
can be eliminated using the offset nulling method recommended 
for the particular op amp, with Vx = Vy = O. 

At small values of V x the offset voltage of the control channel 
will degrade the gainlloss accuracy. For example, a ± ImV 
offset uncertainty will cause the nominal 40dB attenuation at V x 
= +O.OIV to range from 39.2dB to 4O.9dB. Figure 3a shows 
the maximum gain error boundaries based on the guaranteed 
control-channel offset voltages of ±2mV for the ADS39K and 
±4mV for the ADS39J. These curves include all scaling errors 
and apply to all configurations using the internal feedback resistors 
(WI and W2; alternatively, ZI and Z2). 

3~ 

\ 

,"-
AD639J, S 
SPECS 

'r-- ...... 
SPECS 

, 
/ 

/ 
2 

, T 
+0.01 +0.' +' 

CONTROL VOlTAGE - VI(. 

Figure 38. Maximum AC Gain Error Boundaries 

Distortion is a function of the signal input level (Y y) and the 
control input (Yx). It is also a function of frequency, although 
in practice the op amp will generate most of the distortion at 
frequencies above 100kHz. Figure 3b shows typical results at 
f = 10kHz as a function ofVx with Vy = 0.5 and l.SV rms. 

•. 2 ...... ----,----....... -----. 

# 

'",10kHz f" 
•. ,~-~r_---1f__---___t-----l 

I 
~ 0.05~~~-~f__-__7c...___t---~...I 

.. L--------~'~------~2--------~ 
CONTROL VOLTAGE - V 

Figure 3b. Total Harmonic Distortion vs. Control Voltage 
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In some cases it may be desirable to alter the scaling. This can 
be achieved in several ways. One option is to use both the Z 
and W feedback resistors (see Figure I) in para11el, in which 
case V.." = - VxVy 12. This may be preferable where the output 
swing must be held at ± 3V FS (± 6. 75V pk), for example, to 
allow the use of reduced supply voltages for the op amps. Alter
natively, the gain can be doubled by connecting both channels 
in parallel and using only a single feedback resistor, in which 
case V.." = -2VxYy and the full-scale output is ± 12V. Another 
option is to insert a resistor in series with the control-channel 
input, permitting the use of a 1arge (for example, 0 to + IOV) 
control voltage. A disadvantage of this scheme is the need to 
adjust this resistor to accommodate the tolerance of the nominal 
soon input resistance at pin 1. The signal channel inputs can 
also be resistively attenuated to permit operation at higher values 
ofVv, in which case it may often be possible to partially compensate 
for the response roll-off of the op amp by adding a capacitor 
across the upper arm of this attenuator. 

Signa1-Channel ac and Transient Response 
The HF response is dependent almost entirely on the op amp. 
Note that the "noise gain" for the op amp in Figure 2 is determined 
by the value of the feedback resistor (6kn) and the 1.25kn 
control-bias resistors (Figure 1). Op amps with provision for 
external frequency compensation (such as the AD301 and ADSI8) 
should be compensated for a closed-loop gain of 6. 

The layout of the circuit components is very important if low 
feedthrough and flat response at low values of V x is to be main
tained (see GENERAL RECOMMENDATIONS). 

For wide-bandwidth applications requiring an output voltage 
swing greater than ± IV, the LH0032 hybrid op-amp is recom
mended. Figure 4a shows the HF response of the circuit of 

Vx=1.00V 

_101-_~+-H-+-Hfo!+--.,;v.:.x·=r·;;.·31+fN+H-Itt<t-""'1~Mf+ttttl 

FREQUENCY _ Hz 

Figure 4a. Multiplier HF Response Using LH0032 Op 
Amps 

AD539 
Figure 2 using this amplifier with Vy = IV rms and other 
conditions as shown in Table I. Cp was adjusted for IdB peaking 
.at Vx = + IV; the - 3dB bafldwidth exceeds 2SMHz. The 
effect of signal feedthrough on the response becomes apparent 
at Vx = +O.OIV. The minimum feedthrough results when Vx 
is taken slightly negative to ensure that the residual control-channe1 
offset is exceeded and the dc gain is reliably zero. Measurements 
show that the feedthrough can be held to - 90dB relative to full 
output at low frequencies and to -6OdB up to 20MHz with 
careful board layout. The corresponding pulse response is shown 
in Figure 4b for a signal input of Vy of ± IV and two values of 
Vx (+3Vand +O.IV). 

Vx = +3V Vx= +O.IV 

Figure 4b. Multiplier Pulse Response Using LH0032 Op 
Amps 

AD711' AD553,z LHoon' 

OpAmpSupplyVoltages ±ISV ±9V ±IOV 
Op Amp Compensation Capacitor None None I-SpF 
Feedback Capacitor, Cp None 0.2S-1.SpF 1-4pF 
-3dBBandwidth, Vx - + IV 900kHz 50MHz 2SMHz 
Load Capacitance <lnF <IOpF <IOOpF 
HF Feedthrough, 

Vx - -O.OlV,f- SMHz N/A -S4dB -70dB 
rms Output Noise, 

Vx - + IV,BW 10Hz-10kHz SOILV 40ILV lOILV 
Vx - + IV,BWIOHz-SMHz 120ILV 620ILV SOOILV 

In all cases, 0.47f.LF ceramic supply-decoupling capacitors were used at each Ie 
pin, the ADS39 supplies were ± SV and the control-compensation capacitor Cc 
was 30F. 

NOTES 
IFor tbe circuit of Figure 2. 
lFor tbe circuit of Figure 8. 

Table I. Summary of Operating Conditions and Perform
ance for the AD539 When Used with Various External 
Op-Amp Output Amplifiers 

Minimal Wide-Band ConfIgUrations 
The maximum bandwidth can be achieved using the AD539 
with simple resistive loads to convert the output currents to 
voltages. These currents (nominally ± lmA FS, ±2.2SmA pk, 

Table II. Summary of Performance for Minimal Configuration 

Load Resistance 500 750 1000 1500 6000. Ole 
FS Oulput Voltage ±92.6mV ±\34mV ±172mV ±242mV ±612mV ±IV 

6S.SmVrms 94.7mVrms 122mVrms 171mVrms 433mVrms · FSOutput- O.086mW 0.12mW O.ISmW 0.19SmW 0.312mW -
Power in Load -1O.SdBm -9.2dBm -8.3dBm -7.1dBm -S.OSdBm -

PkOu\putVoltage ±21OmV ±300mV ±388mV fs~~;!'s ±lV ±lV 
148mVrms 212mVrms 274mVrms . · PkOutput- O.44mW O.6mW 0.7SmW ImW ±lV ±lV 

Power in Load -7dBm -4.4dBm -2.SdBm OdBm . · Effective Scaling 67.SV 46.7V 36.3V 2S.8V IO.2V SV 
Voltage, Vu' 

.. 
*Peak negabve voltage SWIQ.g limited. by output compliance. 
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into short-circuit loads) are shunted by their source resistance of 
1.25kfl (each channel). Calculations of load power and effective 
scaling-voltage must allow for this shunting effect when using 
resistive loa~. The output power.is quite low in this mode, and 
the device behaves more like a voltage-controlled attenuator 
than a classical multiplier. The matching of gain and phase 
between the two channels is exce1lent. From dc to IOMHz the 
gains are typically within ± O.025dB (measured using precision 
500 load resistors) and the phase difference within ±O.lo. 

For a given load resistance the outpUt power can be quadrupled 
by using both channels in parallel, as shown in Figure Sa. The 
small-signal silicon diode 0 connected between ground and pins 
12 and 13 provides extra voltage compliance at the output nodes 
in the negative direction (to -IV at 25°C); it is not required 
if the output swing does .not exceed - 300m V. Table II 
compares perfonnance for vari()us load resistances, using this 
configuration. 

Y, 

WZ • N.C. 

*AEQUIfIED IF LOAD 
RESfSTANCf >300.11 

Figure 5a. Minimal Single-Channel Multiplier 

Figure 5b shows the HF response for Figure Sa with the AD539 
in a carefu1ly-shielded 500 test-environment; the test system 
response was first characterized and this background removed 
by digital signal processing to show the inherent circuit response. 

V.e+3.tezV 

V._+1V 

V. _ +0.318V 

Y.=+O.1V 

v. - +o.OJIII 

V._+O.G1V 

FR£QUENCY- HI 

Figure 5b. HF Response in Minimal Configuration 

In many applications phase linearily over frequency is important. 
Figure 5c shows the deviation from an idea1linear-phase response 
for a typical AD539 over the frequency range dc to IOMHz, for 
V x =. + 3V; the peak deviation is slightly more than 1°. Differential 
phase linearity (the stability of phase over the signal window at a 
fixed frequency) is shown in Figure 5d for f = 3.579MHz and 
various values of Vx . The most rapid variation occurs for Vy 

above + I V; in applications where this characteristic is critical, 
it is recommended that a ground-referenced, negative-going 
signal be used. 
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Figure 5c. Phase Linearity Error in Minimal Configuration 
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Figure 5d. Differential Phase Linearity in Minimal 
Configuration for a Typical Device 

Differential Configurations 
When only one signal channel must be handled it is often ad
vantageous to use the channels differentially. By subtracting the 
CHI and CH2 outputs any residual transient control feedthrough 
is vinually eliminated. Figure 6a shows a minimal confJgU1"ation 
where it is assumed that the host system uses differential signals 
and a 500 environment throughout. This figure also shows a 
recommended control-feedforward network to improve iarge-signal 

Figure 6a. High-Speed Differential Configuration 

response time. The control feedthrough glitch is shown in Figure 
6b, where the input was applied to CHI and only the output of 
CHI was displayed on the oscilloscope. The improvement obtained 
when CHI and CH2 outputs are viewed differentially is clear in 
Figure 6c. The envelope rise-time is of the order of 4Ons. 

Lower distortion results when CHI and CH2 are driven by 
complementary inputs and the outpUts are utilized differentially, 
using a circuit such as Figure 7a. Resistors Rl and R2 should 
have a value in the range 100 to 10000. 
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Figure 6b. Control Feed
through One Channel of 
Figure 6a 

0."'1 1 I_Ill 

I : I ' 

I I 
,I l~" I 

1- "~ 

Figure 6e. Control Feed
through Differential Mode, 
Figure 6a 

They minimize a secondary distortion mechanism caused by a 
collector-modulation effect in the controlled cascodes (see CIR
CUIT DESCRIPTION) by keeping the voltage-swing at the 
outputs to an acceptable level. Figure 7b shows the improvement 
in distortion over the standard configuration (compare Figure 
3b). Note that the Z nodes (pins 10 and IS) are returned to the 
control input; this prevents the early onset of output-transistor 
saturation. 

v,o--..... -I 

v"o--'---I 

v",O----i 

Figure 7a. Low-Distortion Differential Configuration 
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Figure 7b. Distortion in Differential Mode Using 
LH0032 Op Amp 

Even lower distortion (0.01%, or - 80dB) has been measured 
using two output op amps in a configuration similar to Figure 2 
connected as virtual-ground current-summers (to prevent the 
modulation effect). Note that to generate the difference output 
it is merely necessary to connect the output of the CHI op amp 
to the Z node of CH2. In this way, the net input to the CH2 op 
amp is the difference signal, and the low-distortion resultant 
appears as its output. 
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AD539 
A SOMHz VOLTAGE-CONTROLLED AMPLIFIER 
Figure 8 is a circuit for a SOMHz voltage-controlled amplifier 
(VCA) suitable for use in high-quality-video-speed applications. 
The outputs from the two-signal channels of the ADS39 are 
applied to the op-amp in a subtracting configuration. This con
nection has two main advantages: first, it results in better rejection 
of the control voltage, particularly when over-driven (V x<O or 
Vx >3.3V). Secondly, it provides a choice of either non-inverting • 
or inverting responses, using either inputs VYI or VY2 respectively. 
In this circuit, the output of the op-amp will equal: 

V - Vx (VYI - VY2) for V >0 
oUT - 2V x 

Hence, the gain is unity at Vx = +2V. Since Vx can over-range 
to +3.3V, the maximum gain in this configuration is about 
4.3dB. (Note: If pin 9 of the ADS39 is grounded, rather than 
connected to the output of the SS39N, the maximum gain becomes 
IOdB.) 

01: THOMPSON·CSF BAR·l00RSIMILARSCHOTTKY DIODE '¢' SHORT. DIRECTCONNECOON TOGAOUNOPlANE. 
-.v 

Figure 8. A Wide Bandwidth Voltage-Controlled Amplifier 

The - 3dB bandwidth of this circuit is over SOMHz at full gain, 
and is not substantially affected at lower gains. Of course, when 
Vx is zero (or slightly negative, to override the residual input 
offset) there is still a small amount of capacitive feedthrough at 
high frequencies; therefore, extreme care is needed in laying out 
the PC board to minimize this effect. Also, for small values of 
Vx , the combination of this feedthrough with the multiplier 
output can cause a dip in the response where they are out of 
phase. Figure 9a shows the ac response from the noninverting 

v _ +lV 

Vx=+O.01V ......-:~ 

-50 v,L •• ,. V 1--"""'" V 
-60 ~, ----''--....... ~....J.....J.-;,;;-o ----''---....... ---'---'"7.'00 

FREQUENCY _ MHl 

Figure 9a. AC Response of the VCA at Different Gains 
Vy=O.5VRMS 
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input, with the response from the inverting input, V n, essentially 
identical. Test conditions: VY1 =O.5V rms for values of Vx from 
+ IOmV to +3.16V; this is with a 7511 load on the output. The 
feedthrough at Vx = -IOmV is also shown. 

The transient response of the signal channel at Vx = +2V, 
Vy = Vour= ± IV is shown in Figure 9b; with the VCA driving 
a 7511 load. The rise and fall times are approximately 70s. 

Figure 9b. Transient Response of the-Voltage-Controlled 
Amplifier Vx = +2 Volts Vy=:!: 1 Volt -

A more detailed description of this circuit, including differential 
gain and phase characteristics, is given in the application note 
"Low Cost, Two Chip Voltage-Controlled Amplifier and Video 
Switch" available from Analog Devices. 

BASIC DIVIDER CONNECTIONS 
Standard Scaling 
The ADS39 provides excellent operation as a two-quadrant 
analog divider in wide-band wide gain-range applications, with 
the advantage of dual-channel operation. Figure lOa shows the 
simplest connections for division with a transfer function of 

Vy = - VuVwlVx 

Recalling that the nominal value of Vu is I V, this can be 
simplified to 

Vy -= -VwlVx 

where all signals are expressed in volts. The circuit thus exhibits 
unity gain for Vx = + IV and a gain of 40dB when Vx = 
+O.OIV. 

The output swing is limited to ± 2V nominal full-scale and 
± 4.2V peak (using a - V s supply of at least 7.SV for the ADS39). 
Since the maximum loss is IOdB (at Vx = 3.l62V), it follows 
that the maximum input to Vw should be ±6.3V (4.4V rms) 
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Figure lOa. Two-Channel Divider with lV Scaling 

V.=IV 

Figure lOb. HF Response of Figure lOa Divider 

for low distortion applications, and no more than ± B.4V (9.5V 
rms) to avoid clipping. Note that offset adjustment will be needed 
for the op amps to maintain accurate de levels at the output in 
high gain applications: the "noise gain" is 6V IV x, or 600 at V x 
= +O.OIV. 

The gain-magnitude response for this configuration using the 
LHOO32 op amps with nominally 12pF compensation (pins 2 to 
3) and CF = 7pF is shown in Figure lOb; of course, other 
amplifiers may also be used. Since there is some manufacturing 
variation in the HF response of the op amps, and load conditions 
will also affect the response, these capacitors should be adjustable: 
S-ISpF is recommended for both positions. The bandwidth in 
this configuration is nominally 17MHz at Vx = +3.l62V, 
4.SMHzatVx = +IV,3S0kHzatVx = +O.IVand3SkHz-at 
Vx = +O.OIV. The general recommendations regarding the use 
of a good ground plane and power-supply decoupling should be 
carefully observed. Other suitable high speed op amps include: 
AD844, AD827 and AD811. Consult these data sheets for suitable 
applications circuits. 
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FEATURES 
Recovers Signal from + 100dB Noise 
2MHz Channel Bandwidth 
45V/jLS Slew Rate 
-120dB Crosstalk @ 1kHz 
Pin Programmable Closed Loop Gains of ± 1 and ± 2 
0.05% Closed Loop Gain Accuracy and Match 
100 .... V Channel Offset Voltage (AD630BD) 
350kHz Full Power Bandwidth 
Chips Available 

PRODUCT DESCRIPTION 
The AD630 is a high precision balanced modulator which combines 
a flexible commutating architecture with the accuracy and tem
perature stability afforded by laser wafer trimmed thin ftlm 
resistors. Its signal processing applications include balanced 
modulation and demodulation, synchronous detection, phase 
detection, quadrature detection, phase sensitive detection, lock-in 
amplification and square wave multiplication. A network of on
board applications resistors provides precision closed loop gains 
of ± I and ± 2 with 0.05% accuracy (AD630B). These resistors 
may also be used to accurately confIgure multiplexer gains of 
+1, +2, +3 or +4. Alternatively, external feedback may be 
employed allowing the designer to implement his own high gain 
or complex switched feedbaCk topologies. 

The AD630 may be thought of as a precision op amp with two 
independent differential input stages and a precision comparator 
which is used to select the active front end. The rapid response 
time of this comparator coupled with the high slew rate and fast 
settling of the linear amplifIers minimize switching distortion. 
In addition, the AD630 has extremely low crosstalk between 
channels of -IOOdB @ 10kHz. 

The AD630 is intended for use in precision signal processing 
and instrumentation applications requiring wide dynamic range. 
When used as a synchronous demodulator in a lock-in amplifIer 
confIguration, it can recover a small sigual from 100dB of inter
fering noise (see lock-in amplifIer application). Although optimized 
for operation up to 1kHz, the circuit is useful at frequencies up 
to several hundred kilohertz. 

Other features of the AD630 include pin programmable frequency 
compensation, optional input bias current compensation resistors, 
common mode and differential offset voltage adjustment, and a 
channel status output which indicates which of the two differ
ential inputs is active. This device is now available to Standard 
Military Drawing (DESC) numbers 5962-8980701RAand 
5962-89807012A. 
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Balanced Modulator/Demodulator 
AD630 I 

FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 
I. The confIguration of the AD630 makes it ideal for signal 

processing applications such as: balanced modulation and 
demodulation, lock-in amplifIcation, phase detection, and 
square wave multiplication. 

2. The application flexibility of the AD630 makes it the best 
choice for many applications requiring precisely fIxed gain, 
switched gain, multiplexing, integrating-switching functions, 
and high-speed precision amplifIcation. 

3. The 100dB dynamic range of the AD630 exceeds that of any 
hybrid or IC balanced modulatorldemodulator and is com
parable to that of costly signal processing instruments. 

4. The op-amp format of the AD630 ensures easy implementation 
of high gain or complex switched feedback functions. The 
application resistors facilitate the implementation of most 
common applications with no additional parts. 

5. The AD630 can be used as a two channel multiplexer with 
gains of + I, +2, +3 or +4. The channel separation of 
100dB @ 10kHz approaches the limit which is achievable 
with an empty IC paCkage. 

6. The AD630 has pin-strappable frequency compensation (no 
external capacitor required) for stable operation at unity gain 
without sacrifIcing dynamic performance at higher gains. 

7. Laser trimming of comparator and amplifying channel offsets 
eliminates the need for external nulling in most cases. 
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AD630 - SPECIFICATIONS (@ +25"C and ·±Vs = ±15V unless otherwise specified) 

MocIeJ AD630J/A AD630K/B AD630S 

Min Typ Malt Min Typ Mu Min Typ Malt 

GAIN 
Open Loop Gain 90 110 100 120 90 110 
:!: I, :!: 2 Closed Loop Gain Error 0.1 0.05 0.1 
Closed Loop Gain Match 0.1 0.05 0.1 
Closed Loop Gain Drift 2 2 2 

CHANNEL INPUTS 
VIN Operational Limit' (-Vs +4V)1O(+Vs -IV) (-Vs +4V)to(+Vs -IV) (-Vs HV)to(+Vs -IV), 
Input Offset Voltage 500 100 SOD 
Input OffsetVoltage 

Tminto Tmax2 800 160 1000 
Input Bias Current 100 300 100 300 100 300 
Input Offset Current 10 SO 10 SO 10 SO 
Channel Separation@ 10kHz 100 100 100 

COMPARATOR 
VIN OperationaiLimit' (- Vs +3V)to( + Vs - J.5V) (-Vs +3V)to(+Vs -!.5V) (-Vs +3V)to(+Vs -J.3V) 
Switching Window :!:1.5 :t:l.5 :!:1.5 
Switching Window 

Tminto Tmax 2 :!:2.0 :1:2.0 :1:2.5 

Input Bias Current 100 300 100 300 100 300 
Response Time ( -5mVto +5mVstep) 200 200 200 
Channel Status 

ISINK@VOL = - Vs + 0.4V' 1.6 1.6 1.6 
Pull-Up Voltage (-Vs+33V) (-Vs +33V) (-Vs+33V) 

DYNAMIC PERFORMANCE 
Unity Gain Bandwidth 2 2 2 
Slew Rate' 45 45 45 
Setding Time to 0.1% (20V step) 3 3 3 

OPERATING CHARACTERISTICS 
Common-Mode Rejection 85 105 90 110 90 110 
Power Supply Rejection 90 110 90 110 90 110 
Supply Voltage Range ±5 ±16.5 :!:5 ±16.5 :1:5 ±16.5 
Supply Curren, 4 5 4 5 4 5 

OUTPUTVOLTAGE,(U RL = 2kll 

TmintoTmax 
2 ±10 :1:10 :!:IO 

Output Shon Circuit Current 25 25 25 

TEMPERATURE RANGES 
Rated Performance-N Package 0 +70 0 +70 NIA 

DPackage -25 +85 -25 +85 -55 +125 

NOTES 
Ilf one terminal of each differential channel or comparator input is kept within these limits the other terminal may be taken to the positive supply. 
2These parameters are guaranteed but not tested for J and K grades. For A, B and S grades they are tested. 
3IsiNK <4 VOL = (-Vs + 1)voitisrypically4mA. 
'Pin 12 Open. Slew rate with Pins 12 & 13 &honed is typically 35VI ..... 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri
cal,test. Results from those testS are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........ . 
Internal Power Dissipation ••.... 
Output Short Circuit to Ground 
Storage Temperature, Ceramic Package 
Storage Temperature, Plastic Package . 
Lead Temperature, 10 sec. Soldering . 
Max Junction Temperature ..•... 

THERMAL CHARACTERISTICS 

0Je 

20-Pin Plastic DIP (N) 24°CIW 
20-Pin Ceramic DIP (D) 3SoCIW 
20-Pin Leadless Chip 

Carrier (E) 35°CIW 
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. • ±18V 

. 600mW 
Indefinite 

- 65°C to + ISO"C 
- 55°C to + 12S"C 

+300"C 
. . . .. + 15O"C 

0JA 

61°CIW 
120"CIW 

120°CIW 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD630JN O"C to + 70"C Plastic DIP 
AD630KN O"C to + 7O"C PIasticDIP 
AD630AD -25°Cto +8S"C Side Brazed DIP 
AD630BD - 25"C to + 85"C Side Brazed DIP 
AD630SD - 5S"C to + 125"C Side Brazed DIP 
AD630SD/883B - 55"C to + 12S"C Side Brazed DIP 
S962-8980701RA - 5S"C to + 125"C Side Brazed DIP 
AD630SE. - SS"C to + 12S"C LCC 
AD630SEl883B - 5SoC to + 125°C LCC 
5962-89807012A - 5S"C to + 125"C LCC 
AD630JChip O"Cto +7O"C Chip 
AD630SChip - 5S"C to + 125"C Chip 

·For outline information see Package Information section. 

Units 

dB 
% 
% 
ppm'C 

Volts 

."V 

."V 
nA 
nA 
dB 

Volts 
mV 

mV 
nA 
ns 

rnA 
Volts 

MHz 

VI."s 

."s 

dB 
dB 
Volts 
rnA 

Volts 
rnA 

'C 
'C 

Package 
Option· 

N-20 
N-20 
0-20 
0-20 
0-20 
0-20 
0-20 
E·20A 
E-20A 
E-20A 
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Figure 3. Output Voltage Swing 
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AD630 
CHIP METALIZATION AND PINOUT 

Dimensions shown in inches and (mm). 
Contact factory for latest dimensions 

CHIP AVAH..ABILITY 
The AD630 is available in laser trimmed, passivated chip form. 
The flgure shows the AD630 metalization pattern, bonding pads 
and. dimensions. AD630 chips are available; consult factory for 
details. 

TWO WAYS TO LOOK AT THE AD630 
Figure 10 is a functional block diagram of the AD630 which 
also shows the pin connections of the internal functions. An 
alternative architectural diagram is shown in Figure 11. In this 
diagram, the individnal A and B channel pre-amps, the switch, 
and the integrator-output ampliller are combined in a single op 
amp. This ampliller has two differential input channels, only 
one of which is active at a time. 

~ O! c 

~ It: 
0 

i!i i!i 
~~ ~~ 
! ! 

3 

AD630 

COMP 

.. 
r-------------{7Dc~NNa 

-VB 

S~TUS 
BlA 

Figure 10. Functional Block Diagram 

2-38 ANALDG MUL TIPLIERSIDIVIDERS 

-V. 

Figure ". Architectural Block Diagram 

HOW THE AD630 WORKS 
The basic mode of operation of the AD630 may be more easy to 
recognize as two fixed gain stages which may be inserted into 
the signal path under the control of a sensitive voltage comparator. 
When the circuit is switched between inverting and noninverting 
gain, it provides the basic modulation/demodulation function. 
The AD630 is uuique in that it includes laser wafer trimmed 
thin film feedback resistors on the monolithic chip. The config
uration shown below yields a gain of ± 2 and can be easily 
changed to ± I by shifting RB from its ground connection to the 
output. 

16 15 
V; O-..... -'II'>I'v-..... ------------, 

I 
I 
I 

~ 
~ 

Figure 12. AD630 Symmetric Gain (±2) 
The comparator selects one of the two input stages to. complete 
Hnoperational feedback connection around the AD630·. The de
selected input is off and has negligible effect on the operation. 

When channel B is selected, the resistors RA anli RF are connected 
for .inverting feedback as shown in the inverting gain configuration 
diagram in Figure 13. The amplifler has sufficient loop gain to 
minimize the loading effect of RB at the virtual ground produced 
by the feedback connection. When the sign of the comparator 
input is reversed, input B will be de-selected and A will be 

REV. A 



selected. The new equivalent circuit will be the noninverting 
gain configuration shown below. In this case RA will appear 
across the op-amp input terminals, but since the amplifier drives 
this difference voltage to zero the closed loop gain is unaffected. 

The two closed loop gain magnitudes will be equal when 
RplRA = I + RplRB, which will result from making RA equal to 
RFRalCRF + RB) the parallel equivalent resistance of RF and RB• 

The Sk and the two 10k resistors on the AD630 chip can be 
used to make a gain of two as shown here. By paralleling the 
10k resistors to make RF equal Sk and omitting RB the circuit 
can be programmed for a gain of ± 1 (as shown in Figure 19a). 
These and other configurations using the on chip resistors present 
the inverting inputs with a 2.Sk source impedance. The more 
complete AD630 diagrams show 2.Sk resistors available at the 
noninverting inputs which can be conveniently used to minimize 
errors resulting from input bias currents. 

Figure 13. Inverting Gain Configuration 

v,o---..... -I 
R. 

15k) 

R. 
(10k) 

RF (10k) 

Figure 14. Noninverting Gain Configuration 

CIRCUIT DESCRIPTION 
The simplified schematic of the AD630 is shown in Figure IS. 
It has been subdivided into three major sections, the comparator, 
the two input stages and the output integrator. The comparator 
consists of a front end made up of QS2 and QS3, a flip-flop load 
formed by Q3 and 04, and two current steering switching cells 
Q28, Q29 and Q30, Q3I. This structure is designed so that a 
differential input voltage greater than l.SmV in magnitude 

Figure 15. AD630 Simplified Schematic 
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AD630 
applied to the comparator inputs will completely select one of 
the switching cells. The sign of this input voltage determines 
which of the two switching cells is selected. 

The collectors of each switching cell connect to an input trans
conductance stage. The selected cell conveys bias currents in 
and i23 to the input stage it controls causing it to become active. 
The deselected cell blocks the bias to its input stage which, as a 
consequence, remains off. 

The structure of the transconductance stages is such that they 
present a high impedance at their input terminals and draw no 
bias current when deselected. The deselected input does not 
interfere with the operation of the selected input insuring maximum 
channel separation. 

Another feature of the input structure is that it enhances the
slew rate of the circuit. The current output of the active stage 
follows a quasi-hyperbolic-sine relationship to the differential 
input voltage. This means that the greater the input voltage, the 
harder this stage will drive the output integrator, and hence, the 
faster the output signal will move. This feature helps insure 
rapid, symmetric settling when switching between inverting and 
noninverting closed loop confJgU1'ations. 

The output section of the AD630 includes a current mirror-load 
(Q24 and Q2S), an integrator-voltage gain stage (Q32), and a 
complementary output buffer (Q44and Q74). The outputs of 
both transconductance stages are connected in parallel to the 
current mirror. Since the deselected input stage produces no 
output current and presents a high impedance at its outputs, 
there is no conflict. The current mirror translates the differential 
output current from the active input transconductance ampliller 
into single ended form for the output integrator. The com
plementary output driver then buffers the integrator output to 
produce a low impedance output. 

OTHER GAIN CONFIGURATIONS 
Many applications require switched gains other than the ± 1 
and ± 2 which the self-contained applications resistors provide. 
The AD630 can be readily programmed with 3 external resistors 
over a wide range of positive and negative gain by selecting RB 
and RF to give the noninverting gain 1 + RplRB and subsequently 
RA to give the desired inverting gain. Note that When the inverting 
magnitude eqnals the noninverting magnitude, the value of RA 
is found to be RB RpfCRB + RF). That is, RA should equal the 
parallel combination of RB and RF to match positive and negative 
gain. 

The feedback synthesis of the AD630 may Jdso include reactive 
impedance. The gain magnitudes will match at all frequencies if 
the A impedance is made to equal the parallel combination of 
the B and F impedances. Essentially the same considerations 
apply to the AD630 as to conventional op-amp feedback circuits. 
Virtually any function which can be realized with simple non-in
verting "L network" feedback can be used with the AD630. A 
common arrangement is shown in Figure 16. The low frequency 
gain of this circuit is 10. The response will have a pole (- 3dB) 
at a frequencY f = 1I(21rl00knC) and a zero (3dB from the high 
frequency asymptote) at about 10 times this frequency. The 2k 
resistor in series with each capacitor mitigates the loading effect 
on circuitry driving this circuit, eliminates stability problems, 
and has a minor effect on the pole-zero locations. 

As a result of the reactive feedback, the high frequency components 
of the switched input signal will be transmitted at unity gain 
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Figure 16. AD630 with External Feedback 
while the.low frequency components will be amplified. This 
arrangement is useful in demodulators and lock-in amplifiers. It 
increases the circuit dynamic range when the modulation or 
interference is substantially larger than the desired Signal 
amplitude. The output Signal will contain the desired signal 
multiplied by the low frequency gain (which may be several 
hundred for large feedback ratios) with the switching signal and 
interference superimposed at unity gain. 

SWITCHED INPUT IMPEDANCE 
The noIiinvertm8 'mode of operation is a high input impedance 
configuration while the inverting mode is a low input impedance 
configuration. This means that the input impedance of the 
circuit undergoes an' abrupt change as the gain is switched under 
control of the comparator. If gain is switched when the input 
signal is not zero, as it is in many practical cases, a transient 
will be delivered to the circuitry driving the AD630. In most 
applications, this will require the AD630 circuit to be driven by 
a low impedance source which remains "stiff" at high frequencies. 
Generally this will be a wideband buffer amplifier. 

FREQUENCY COMPENSATION 
The AD630 combines the corivenience of internal frequency 
compensation with the flexibility of external compensation by 
means of an optional self-contained compensation capacitor. 

In gain of ± 2 applications the noise gain which must be addressed 
for stability purposes is actually 4. In this circumstance, the 
phase margin of the loop will be on the order of 60° without the 
optional compensation. This condition provides the maximum 
bandwidth and slew-rate for closed-loop gains of 121 and above. 

When the AD630 is used as a multiplexer, or in other configurations 
where one or both inputs are connected for unity gain feedback, 
the phase margin will be reduced to less than 200. This may be 
acceptable in applications w~re fast slewing is a first priority, 
but the transient response will not be optimum. For these appli
cations, the self-contained compensation capacitor may be added 
by connecting pin 12 to pin 13. This connection reduces the 
closed loop bandwidth somewhat, and improves the phase 
margin. . 

For intermediate conditions, such as gain of ± 1 where loop 
attenuation is 2, use of the compensation should be determined 
by whether bandwidth or settling response must be optimized •. 
The optional compensation should also be used when the AD630 
is driving capacitive loads or whenever conservative frequency 
compensation is desired. 
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OFFSET VOLTAGE NULLING 
The offset voltages of both input stages and the comparator 
have been pre-trimmed so that external trimming will only be 
required in the most demanding applications. The offset adjust
ment of the two input channels is accomplished by means of a 
differential and common mode scheme. This .facilitates fine 
adjustment of system errors in 'switched gain applications. With 
system input tied to OV, and a switching or carrier waveform 
applied to the comparator, a low level square wave will appear 
at the output. The differential offset adjustment pot can be used 
to null the amplitude of this square wave (pins 3 and 4). The 
common mode offset adjustment can be used to zero the residual 
dc output voltage (pins 5 and 6). These functions should be 
implemented using 10k trim pots with wipers connected directly 
to pin 8 as shown in Figures 19a and 19b. 

CHANNEL STATUS OUTPUT 
The channel status output, pin 7, is an open collector output 
referenced to - V s which can be used to indicate which of the 
two input channels is active. The output will be active (pulled 
low) when channel A is selected. This output can also be used 
to supply positive feedback around the comparator. This produces 
hysteresis which serves to increase . noise immunity. Figure 17 
shows an example of how hysteresis may be implemented. Note 
that the feedback signal is applied to the inverting ( - ) terminal 
of the comparator to achieve positive feedback. This is because 
the open collector channel status output inverts the output sense 
of the internal comparator. 

+5V 

lOOk 

Figure 17. Comparator Hysteresis 

The channel status output may be iriterfaced with TTL inputs 
as shown in Figure 18. This circuit provides appropriate level 
shifting from the open-collector AD630 channel status output to 
TTL inputs. 

-1SV 

+5V 

I TTL INPUT 

I 
I 
I 

Figure 18. Channel Status - TTL Interface 

APPLICATIONS: 
BALANCED MODULATOR 
Perhaps the most commonly used configuration of the AD630 is 
the balanced modulator. The application resistors provide precise 
symmetric gains of ± 1 and ± 2. The ± 1 arrangement is shown 
in Figure 19a and the ±2 arrangement is shown in Figure 19b. 
These cases differ only in the connection of the 10k feedback 
resistor (pin 14) and the compensation capacitor (pin 12). Note 
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the use of the 2.Sldl bias current compensation resistors in 
these examples. These resistors perform the identical function in 
the ± 1 gain case. Figure 20 demonstrates the performance of 
the AD630 when used to modulate a 100kHz square wave carrier 
with a 10kHz sinusoid. The result is the double sideband sup
pressed carrier waveform. 

These balanced modulator topologies accept two inputs, a signal 
(or modulation) input applied to the amplifying channels, and a 
reference (or carrier) input applied to the comparator. 

.v. 
--.."" """'" >J..-~H++-O""" 

Figure 19a. AD630 Configured as a Gain-of-One Balanced 
Modulator 

...... 
w." 

.v. ....... "" 
>'4-~-±++.:o=' 

Figure 19b. AD630 Configured as a Gain-of-Two Balanced 
Modulator 

MODULATION 
INPUT 

CARRIER 
INPUT 

OUTPUT 
SIGNAL 

Figure 20. Gain-of-Two Balanced Modulator Sample 
Waveforms 
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BALANCED DEMODULATOR 
The balanced modulator topology described above will also act 
as a balanced demodulator if a double sideband suppressed 
carrier waveform is applied to the signal input and the carrier 
signal is applied to the reference input. The output under these 
circumstances will be the baseband modulation signal. Higher 
order carrier components will also be present which can be 
removed with a low-pass fUter. Other names for this function 
are synchronous demodulation and phase-sensitive detection. 

PRECISION PHASE COMPARATOR 
The balanced modulator topologies of Figures 19a and 19b can 
also be used as precision phase comparators. In this case, an ac 
waveform of a particular frequency is applied to the signal input 
and a waveform of the same frequency is applied to the reference 
input. The dc level of the output (obtained by low pass fUtering) 
will be proportional to the signal amplitude and phase difference 
between the input signals. If the signal amplitude is held constant, 
then the output can be used as a direct indication of the phase. 
When these input signals are 90· out of phase, they are said to 
be in quadrature and the AD630 dc output will be zero. 

PRECISION RECTIFIER·ABSOLUTE VALUE 
If the input signal is used as its own reference in the balanced 
modulator topologies, the AD630 will act as a precision rectUier. 
The high frequency performance will be superior to that which 
can be achieved with diode feedback and op amps. There are no 
diode drops which the op amp must "leap over" with the com· 
mutating amplifier. 

LVDT SIGNAL CONDmONER 
Many transducers function by modulating an ac carrier. A Linear 
Variable Differential Transformer (LVDT) is a transducer of 
this type. The amplitude of the output signal corresponds to 
core displacement. Figure 21 shows an accurate synchronous 
demodulation system which can be used to produce a de voltage . 
which corresponds to the LVDT core position. The inherent 
preciaion and temperature stability of the AD630 reduce demod-
ulator drift to a second order effect. . 

2.5kHz 
2Ypk..pk 

SINUSOIDAL 
eXCITATION 

AD'" 
FOu.oWER 

Figure 21. L VDT Signal Conditioner 

ACBRIDGE 
Bridge circuits which use dc excitation are often plagued by 
errors caused by thermocouple effects, Ilf noise, de drifts in the 
electronics, and line noise pick-up. One way to get around these 
problems is to excite the bridge with an ac waveform, amplify 
the bridge output with an ac amplifier, and synchronously de
modulate the resulting Signal. The ac phase and amplitude in
formation from the bridge is recovered as a dc signal at the 
output of the synchronous demodulator. The low frequency 
system noise, dc drifts, and demodulator noise all get mixed to 
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AD630 
the carrier frequency and can be removed by means of a low 
pass filter. Dynamic response of the bridge must be traded off 
against the amount of attenuation required to adequately suppress 
these residual carrier compone~ts in the selection of the filter. 

Figure 22 is an example of an ac bridge system with the AD630 
used as a synchronous demodulator. The oscilloscope photograph 
shows the results of a 0.05% bridge imbalance caused by the 
IMeg resistor in parallel with one leg of the bridge. The top 
trace represents the bridge excitation, the upper-middle trace is 
the amplified bridge output, the lower-middle trace is the output 
of the synchronous demodulator and the bottom trace is the 
filtered dc system output. 

This system can easily resolve a 0.5ppm change in bridge im
pedance. Such a change will produce a 3.2mV change in the low 
pass filtered dc output, well above the RTO drifts and noise. 

1kHz 
BRIDGE 

EXCITATION 

I 

ov __ 

ov __ 

ov __ 

Figure 22. AC Bridge System 

BRIDGE EXCITATION 
(20V/div) (AI 

AMPLIFIED BRIDGE 
OUTPUT 15V/divJ (B) 

DEMODULATED BRIDGE 
OUTPUT (5V/div) lei 
FILTER OUTPUT (2V1divIID) 

Figure 23. AC Bridge Waveforms 

LOCK-IN AMPLIFIER APPLICATIONS 
Lock-in amplification is a technique which is used to separate a 
small, narrow band signal from interfering noise. The lock-in 
amplifier acts as a detector and narrow band filter combined. 
Very small signals can be detected in the presence of large amounts 
of uncorrelated noise when the frequency and phase of the desired 
signal are known. 

The lock-in amplifier is basically a synchronous demodulator 
followed by a low pass filter. An important measure of performance 
in a lock-in amplifier is the dynamic range of its demodulator. 
The schematic diagram of a demonstration circuit which exhibits 
the dynamic range of an AD630 as it might be used in a lock-in 
amplifier is shown in Figure 24. Figure 25 is an oscilloscope 
photo showing the recovery of a signal modulated at 400Hz 
from a noise signal approximately 100,000 times larger; a dynamic 
range of 100dB. 
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Figure 24. Lock-In Amplifier 

MODULATED SIGNAL (AI 
(UNATIENUATEDI 

ATTENUATED SIGNAL 
PLUS NOISE (BI 

OUTPUT 

Figure 25. Lock-In Amplifier Waveforms 

The test signal is produced by modulating a 400Hz carrier with 
a O.IHz sine wave. The signals produced, for example, by chopped 
radiation (IR, optical, etc.) detectors may have similar low fre
quency components. A sinusoidal modulation is used for clarity 
of illustration. This signal is produced by a circuit similar to 
Figure 19b and is shown in the upper trace of Figure 25. It is 
attenuated 100,000 times normalized to the output, B, of the 
summing amplifier. A noise signal which might represent, for 
example, background and detector noise in the chopped radiation 
case, is added to the modulated signal by the summing amplifier. 
This signal is simply band limited clipped white noise. Figure 
25 shows the sum of attenuated signal plus noise in the center 
trace. This combined signal is demodulated synchronously using 
phase information derived from the modulator, and the result is 
low pass filtered using a 2-pole simple filter which also provides 
a gain of 100 to the output. This recovered signal is the lower 
trace of Figure 25. 

The combined modulated signal and interfering noise used for 
this illustration is similar to the signals often requiring a lock-in 
amplifier for detection. The precision input performance of the 
AD630 provides more than lOOdB of signal range and its dynamic 
response permits it to be used with carrier frequencies more 
than two orders of magnitude higher than in this example. A 
more sophisticated low pass output filter will aid in rejecting 
wider bandwidth interference. 
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WDEVICES 

FEATURES 
Pretrimmed to ±O.5% Max 4.Quadrant Error 
All Inputs IX, V and Z) Differential, High Impedance for 

[IX1 -X2 I1Y1-Y2 1110j +Z2 Transfer Function 
Scale·Factor Adjustabla to Provide up to X10 Gain 
Low Noise Dasign: 9OI'V rms, 10Hz·10kHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

APPLICATIONS 
High Quality Analog Signal Processing 
Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Accurate Voltage Controlled Oscillators and Filters 

PRODUCT DESCRIPTION 
The AD632 is an internally-trimmed monolithic four-quadrant 
multiplier/divider. The AD632B has a maximum multiplying 
error of ±O.S% without external trims. 

Excellent supply rejection, low temperature coefficients and 
long term stability of the on·chip thin film resistors and buried 
zener reference preserve accuracy even under adverse condi
tions. The simplicity and flexibility of use provide an attrac
tive alternative approach to the solution of complex control 
functions. 

The AD632 is pin for pin compatible with the industty stand
ard ADS32 with improved specifications and a fully differen
tial high impedance Z-input. The AD632 is capable of providing 
gains of up to XlO, frequendy eliminating the need for sepa
rate instrumentation amplifiers to precondition the inputs. 
The AD632 can be effectively employed as a variable gain 
differential input amplifier with high common mode rejection. 
The effectiveness of the variable gain capability is enhanced by 
the inherent low noise of the AD632: 90l'V rms. 
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Internally Trimmed 
Precision I C Multiplier 

AD632 I 
PIN CONFIGURATIONS 

H-Package TO-IOO D-Package TO-1l6 

Y2 

+Vs Y1 Y2 Vas Z2 X2 NC 

14 13 12 11 10 

8 

2.1 OUT -VI NC NC NC X1 

-VS 

TOP VIEW TOP VIEW 

PRODUCT HIGHLIGHTS 
Guaranteed Performance Over Temperature: The AD632A and 
AD632B are specified for maximum multiplying errors of 
±1.0% and ±O.S% of full scale, respectively at +25° C and are 
rated for operation from -25°C to +8SoC. Maximum multi
plying errors of ±2.0% (AD632S) and ±1.0% (AD632T) are 
guaranteed over the extended temperature range of -5 5°C to 
+12SoC. 

High Reliability: The AD632S and AD632T series are also 
available with MIL-STD-883 Level B screening and all devices 
are available in either the hermetically-sealed TO-lOO metal can 
or TO-116 ceramic DIP package. 
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AD632 -SPECIFICATIONS (@ +25°C. Vs = ±15V. R ~ 2kfl unless otherwise noted) - AD632A 
Mia TJP Mu 

MULTIPUERPERFORMANCE 

Tramfer Function 
(X,-X,)(Y,-Y,) 

10V +Z, 

Total Errorl ( - IOVsoX, Y:s + IOV) "'1.0 
TA""miDtomIX "'1.5 
TotalErrorvsTcmpera~ ,,0.022 
Scale Factor Error 

(SF = 10.OOOVNominol)' ,,0.25 
Temperature-CoefticieDt of 

Scalins·Voltage :O.OZ 
SupplyRejection(± ISV ± IV) :to.OJ 
Non1inearity,X(X= 2OVpk·pk, Y= 10V) ±0.4 
Non1inearity, Y (y = 20V pk.pk, X = 10V) ,,0.2 
Fecdtbrough3 IX (Y Nulled, 

X = 20V pk.pk SOHz) "0.3 
Feedlhrougb', Y (X NuUed, 

Y = 20V pk-pk SOHz) ±0.01 
OutputOffitetVoitage ±5 ",30 
OuIpU, OtTset Voltage Drif, 200 

DYNAMICS 
Small Signal BW,(VouT=O.lrms) I 
I%AmpiitudeError(CLOAD = lOOOpF) 50 
Slew Rate(VOUT 20 pk-pk) 20 
Setding Time (to 1%, ~ VOVT = 20y) 2 

NOISE 
Noise Spectral-Density SF = IOV O.S 

SF=3v' 0.4 
WidebandNoiseA= 10Hz to SMHz 1.0 

P= 10Hzto 10kHz 90 

OUTPUT 
Output Voltage Swing "'11 
Output Impedanee (CslkHz) 0.1 
Output Short Circuit Current 

(RL=O. TA = min tomu) 30 
AmpJifierOpen LoopGain(C = SOHz) 70 

INPUT AMPUFIERS (X, Y and Z)' 
Signal Voltage RatIge (Diff. otCM ±IO 

Operating Diff.) ::!:: 12 
Offset Voltage X. Y ±5 ",20 
Offset Voltage Drift X, Y 100 
OtTsetVoitageZ ±5 ±30 
otT ... Voltage Drift Z ZOO 
CMRR 60 so 
BiasCurrent 0.8 2.0 
Offset Current 0.1 
Differendal Resistance 10 

DIVIDER PERFORMANCE 

TransfcrFunction(XI>X2) 
(Z,-Z,) 

IOV (X,-x,tY, 

Total Error' 
(X = IOV, -IOVsZ" + lOY) ±O.7S 
(X=lV, -lVsZs+IV) ±2.0 
(O.lV::s;X::s;lOV, -lOV::s;Z::s;10V) ±2.5 

SQUARER PERFORMANCE 

Transfer Function 
(X,-X,)' ---wv- +Z2 

Total Error ( -lOV:sXSIOV) ±0.6 

SQUAR&ROOTERPERFORMANCE 
Transfer Function, (ZI sZ2) v'1OV(Z,-Z,) +X, 
Total Error' (lVsZsIOV) ±1.0 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

RatodPerfotllllUtOl: ±15 
Operating ±s ",18 

Supply Current 
Quieoeent 4 6 

PACKAGE OPTIONS 
TO-lOO(H-IOA) AD632AH 
TO-116(D-14) AD63ZAD 

NOTES 
IFiguresgivcnarepcrcentoffuU-sca1e, ± IOV(i.e.,O.OI%::;: ImV). 
2May be reduced down to 3V usiogcxtema1 resistol' between - Vsand SF. 
Jlrrcducible component due to nonlinearity: excludescffect of offsets. 
"UliDgcxcernalmiatoradjusted.togivcSF = lV. 
'Sec functional block diIsnm for defmitioD of scc:tions. 
Specifications sub;cct to change wilhout notice. 
All min and max specifICations are guaranteed. 

AD632II AD632S 
Mia TJp Mu Mia TJp Mu 

(l{,-Xzl(Y,-Yzl 
IOV +Zz 

(X,-Xzl(Y,-Y,) 
lOY +Zz 

",0.5 ::1:1.0 
:1.0 :%.0 
±O.OtS :0.02 

:to.l ±0.2S 

:0.01 "'0.2 
:to.OI ±0.01 
±0.2 ±0.3 ±0.4 
±O.l ±O.I ±0.2 

±O.IS ±0.3 ±0.3 

:to.Ot :to.l ±O.Ot 
±Z "'15 ±5 "'30 
100 500 

I I 
50 50 
20 20 
2 2 

O.S O.S 
0.4 0.4 
1.0 1.0 
90 90 

±11 ±11 
0.1 0.1 

30 30 
70 70 

:tIO ±10 
±12 ±12 
±2 ",10 ±5 ",20 
50 100 
±Z ±15 ±5 ",30 
100 500 

70 90 60 so 
O.S 2.0 O.S 2.0 
0.1 0.1 
10 1O 

(Z,-Z,) 
IOV (X,-X,)+Y, 

(Z,-Z,) 
IOV (X,-Xzl+Y' 

,,0.35 ±0.75 
±1.0 ±2.0 
±l.O ±2.S 

(X,-X,>, ---wv- +Z2 
(X,-X,>, ---wv- +Z2 

±0.3 ±0.6 

v'IOV(Z,-Z,) +X, VIOV(Z, - Z,) + X, 
±O.s ±l.O 

±15 ±15 
±s zlS ±S "'22 

4 6 4 6 

AD63ZBH AD63ZSH 
AD632BD AD632SD 

SpecUlCatioas shown ill boldface are tested OD all production units at final dectrica1 test. Results from thole tests are used to c:akulatc outgOingquaJity levels. 
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AD63ZT 
Mia TJp Mu 

(X,-Xzl(y,-Y,) 
IOV +Zz 

:1:1.5 
:1.0 
:1.01 

::to.1 

:0.005 
,,0.01 
"0.2 "0.3 
±O.I ±O.I 

±0.15 ±0.3 

:to.Ot ±O.l 
±2 "'15 

300 

I 
50 
20 
2 

O.S 
0.4 
1.0 
90 

",II 
0.1 

30 
70 

±IO 
± 12 
±Z "'10 
15O 
"Z ±15 

300 
70 90 

O.S 2.0 
0.1 
10 

(Z,-Z,) 
10V (X,-x,tY, 

±0.35 
±l.O 
±1.0 

(X,-X,Jl ---wv- +Z2 

±O.3 

VIOV(Z,- Z,) + X, 
,,0.5 

±lS 
±S ±22 

4 6 

AD63ZTH 
AD632TD 

UoIIs 

" " '!VC 

" 
'l\I'C 

" " " 
" 
" mV 
... vrc 

MHz 
kHz 
VI .... 
.... 

... vrv'iiZ 

... V/VHz 
m.Vrms 
"..V/rms 

V 
n 

mA 
dB 

V 
V 
mV 
... vrc 
mV 
... vrc 
dB 
,.A 
... A 
MO 

" " % 

% 

% 

V 
V 

mA 
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AD632 

Typical Performance Curves (typical at +25OCwith ±Ys = 15Y) 

11100 

JEEH~GH r-1\ 
1I r---

I\.~ 

~ ~.FEEDTHROUGH 
~ 

10 

/V 

-~ 

... .. '00 ... . ... .OM 
FREOUENCY - Hz 

Figure 1. AC Feedthrough vs. Frequency 

_f- OdB.d1VRls ~ .'2110 V" i I" 

r-...r\ 

~ .J.~]) ~C"'-i ~:" CL" l000pF 
CFC200pF 

·2. 

CL" l000pF \ ~Xl0 

~-"' .. FEEDBACK CONNECTION 

\m~ro. 

.. .OM 
FREQUENCY - Hz 

Figure 2. Frequency Response as a Multiplier 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD632AD -2S·C to +8See Side Brazed Ceramic DIP 
AD632BD -2S·C to +8See Side Brazed Ceramic DIP 
AD632AH -2See to +8See Header 
AD632BH -2S·C to +8See Header 
AD632SD -SS·C to + 12See Side Brazed Ceramic DIP 
AD632SD/833B -ssee to + l2See Side Brazed Ceramic DIP 
AD632TD -SS·C to + 12S·C Side Brazed Ceramic DIP 
AD632TD/883B -ssee to + 12See Side Brazed Ceramic DIP 
AD632SH -ssee to + 12S·C Header 
AD632SHl883B -SS·C to + 12S·C Header 
AD632TH -SS·C to + 12S·C Header 
AD632THl883B -SsoC to + 12SoC Header 

"For outline information see Package Information section. 
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r-

"" 
... 

Nx ...... v .. Yz-1ChVmII 

Vx ·1Vde 

i\ ,II 
Vz ,. 1GGInVmu 

f\ I I \ 1\ OdB-WRMS,AL-an . 
~!-. 
~i Wi 

-20 

" FREQUENCY _ Hz 

Figure 3. Frequency Response VB. Divider Denominator 
Input Voltage 

OUT 

Package 
Option· 

D-14 
D-14 
H-IOA 
H-IOA 
D-14 
D-14 
D-14 
D-14 
H-IOA 
H-IOA 
H-IOA 
H-IOA 

CHIP DIMENSIONS & PAD LAYOUT 
Dimensions shown in inches and (mm). 
(Contact factory for latest dimensions.) 

For further information, consult factory 

Thermal Characteristics 

Thermal Resistance IIlC = 2SOCIW for H-IOA 
lilA = ISOOCIWforH-IOA 
IIIC = 2SOCIWforD-14 
lilA = 9SOCIWforD-14 
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AD632 

x, 

x, 

Y, 

Y, 

Vos 
25k 

1-------0 +Vs 

~~---o-vs 

TRANSLINEAR 
MULTIPLIER 

ELEMENT 

TRANSFER FUNCTION 

Vo =A [IX, -X2~~Y1 -V21 -(Z,-Z21] 

OUT 

Figure 4. AD632 Functional Block Diagram 

OPERATION AS A MULTIPLIER 
Figure 5 shows the basic connection for multiplication. Note 
that the circuit will meet all specifications without trimming. 

X·INPUT 
fl0V FS 
:t12V PK 

V-INPUT 
flOV FS 
:t12VPK 

x, 

X, 

Vos 

Y, 

Y, 

+Vs 

OUT 

Z, 

Z, 

-Vs 

+15V 

OUTPUT, ±"i2V Pi( 

= (X, - X2~~' - Y2) + Z2 

OPTIONAL SUMMING 
INPUT, Z, ±10V PK; 

I Vas TERMINAL I NOT USED 

V 
-15V 

Figure 5. Basic Multiplier Connection 

In some cases the user may wish to reduce ac feed through to 
a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (±3OmV range required) to the X or Y 
input. Curve 1 shows the typical ac feedthrough with this 
adjustment mode. Note that the feedthrough of the Y input 
is a factor of 10 lower than that of the X input and should be 
used in applications where null suppression is critical. 

The Z2 terminal of the AD632 may be used to sum an addi
tional signal into the output. In this mode the output amplifier 
behaves as a voltage follower with a 1MHz small signal band
width and a 20V lJl.s slew rate. This terminal should always be 
referenced to the ground point of the driven system, particu
larly if this is remote. Likewise the differential inputs should 
be referenced to their respective signal common potentials to 
realize the full accuracy of the AD632. 

A much lower scaling voltage can be achieved without any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 6. In this example, the scale is such that 
VOUT = XV, sO that the circuit can exhibit a maximum gain of 
10. This connection results in a reduction of bandwidth to 
about 80kHz without the peaking capacitor CF. In addition, 
the output offset voltage is increased by a factor of 10 making 
external adjustments necessaty in some applications. 

Feedback attenuation also retains the capability for adding 
a signal to the output. Signals may be applied to the Zl 
terminal where they are amplified by -10 or to the com-
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mon ground connection where they are amplified by -1. In
put signals may also be applied to the lower end of the 2.7kQ 
resistor, giving a gain of +9. 

X INPUT 
HOV FS 
±12VPK 

V-INPUT 
±10V FS 
±12VPK 

x, 

X, 

Y, 

Y, 

+Vs 

OUT 

Z, 

Z, 

Vos 

-Vs 

+15V 

OUTPUT. ±12V PK 
= (X, - X2)(Y' - Y2) 
(SCALE = 1) 

-15V 

Figure 6. Connections for Scale-Factor of Unity 

OPERATION AS A DIVIDER 
Figure 7 shows the connection required for division. Unlike 
earlier products, the AD6 3 2 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Y l' As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in Figure 3. 

X INPUT X, +Vs +15V 
(DENOMINATOR) 

+10V FS OUTPUT, ±12V PK 
+12VPK X, = 10(Z2 - Z,I + Yl 

(X,-X2) 

+15V +Vs OUT 

20kll 
Vos TO Z, 

Z INPUT 
200kll (NUMERATOR) 

OPTIONAL -15V -Vs Z, 
±10V FS. ±12V PK 

SUMMING INPUT 
tl0V PK 

Y, 
I 
I 

V Y, -Vs -15V 

Figure 7. Basic Divider Connection 

Without additional trimming, the accuracy of the AD632B 
is sufficient to maintain a 1 % error over a 10V to 1 V denom
inator range (The AD535 is functionally equivalent to the 
AD632 and has guaranteed performance in the divider and 
square-rooter configurations and is recommended for such 
applications) . 

This range may be extended to 100:1 by simply reducing the 
X offset with an externally generated trim voltage (range re
quired is ±3.5mV max) applied to the unused X input. To 
trim, apply a ramp of +100mV to +Vat 100Hz to both Xl 
and Zl (if X2 is used for offset adjustment, otherwise reverse 
the signal polarity) and adjust the trinT voltage to minimize 
the variation in the output. • 

Since the output will be near +10V, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 
to 1. 

'See the AD535 Data Sheet for more details. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Four-Quadrant Multiplication 
Low Cost 8-Pin Package 
Complete - No External Components Required 
Laser-Trimmed Accuracy and Stability 
Total Error Within 2% of FS 
Differential High Impedance X and V Inputs 
High Impedance Unity-Gain Summing Input 
Laser-Trimmed 10 V Scaling Reference 

APPLICATIONS 
Multiplication. Division. Squaring 
Modulation/Demodulation. Phase Detection 
Voltage-Controlled Amplifiers/ Attenuators/Filters 

PRODUCT DESCRIPTION 
The AD633 is a functionally complete, four-quadrant, analog 
multiplier. It includes high impedance, differential X and Y 
inputs and a high impedance summing input (Z). The low 
impedance output voltage is a nominal 10 V full scale provided 
by a buried Zener. The AD633 is the first product to offer 
these features in modestly priced 8-pin plastic DIP and sOle 
packages. 

The AD633 is laser calibrated to a guaranteed total accuracy of 
2% of full scale. Nonlinearity for the V-input is typically less 
than 0.1% and noise referred to the output is typically less than 
100 JLV rms in a 10 Hz to 10 kHz bandwidth. A I MHz band
width, 20 V/JLs slew rate, and the ability to drive capacitive 
loads make the AD633 useful in a wide variety of applications 
where simplicity and cost are key concerns. 

The AD633's versatility is not compromised by its simplicity. 
The Z-input provides access to the output buffer amplifier, en
abling the user to sum the outputs of two or more multipliers, 
increase the multiplier gain, convert the output voltage to a cur
rent, and configure a variety of applications. 

The AD633 is available in an 8-pin plastic mini-DIP package 
(N) and 8-pin sOle (R) and is specified to operate over the ooe 
to + 700e commercial temperature range. 

REV. 0 

Low Cost 
Analog Multiplier 

AD633 I 
CONNECTION DIAGRAMS 

8-Pin Plastic DIP (N) Package 

Xl +Vs 

X2 W 

Yl z 

Y2 -Vs 

8·Pin Plastic SOIC (R) Package 

PRODUCT HIGHLIGHTS 
I. The AD633 is a complete four-quadrant multiplier offered in 

low cost 8-pin plastic packages. The result is a product that 
is cost effective and easy to apply. 

2. No external components or expensive user calibration are 
required to apply the AD633. 

3. Monolithic construction and laser calibration make the device 
stable and reliable. 

4. High (10 MI1) input resistances make signal source loading 
negligible. 

5. Power supply voltages can range from :t8 V to :tIS V. The 
internal scaling voltage is generated by a stable Zener diode; 
multiplier accuracy is essentially supply insensitive. 
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AD633 -SPECIFICATIONS ITA = +25°C, Vs = ±15 V, RL 2: 2 kn) 

Model AD633J 

TRANSFER FUNCTION W = 
(X1-Xzl (YI-Yzi 

+Z 
IOV 

Parameter Conditions Min Typ Max Unit 

MULTIPLIER PERFORMANCE 
Total Error -10 V :5 X, Y :5 + 10 V ±l ±2 % Full Scale 

Tmin to Tmax ±3 % Full Scale 
Scale Voltage Error SF = 10.00 V Nominal ±0.25% % Full Scale 
Supply Rejection Vs =±14Vto±16V ±0.01 % Full Scale 
Nonlinearity, X X=±lOV,Y=+lOV ±0.4 ±l % Full Scale 
Nonlinearity, Y Y = ±lOV,X = +lOV ±O.l ±O.4 % Full Scale 
X Feedthrough Y Nulled, X = ±IO V ±0.3 ±l % Full Scale 
Y Feedthrough X Nulled, Y = ±10 V ±O.l ±O.4 % Full Scale 
Output Offset Voltage ±5 ±SO mV 

DYNAMICS 
Small Signal BW Vo = 0.1 V rms, 1 MHz 
Slew Rate Vo = 20V p--p 20 V/".s 
Settling Time to 1 % AVo = 20V 2 ".s 

OUTPUT NOISE 
Spectral Density 0.8 ".V/y1:Iz 
Wideband Noise f = 10 Hz to 5 MHz 1 mVrms 

f = 10 Hz to 10 kHz 90 ".Vrms 

OUTPUT 
Output Voltage Swing ±1l V 
Short Circuit Current RL = on 30 40 mA 

INPUT AMPLIFIERS 
Signal Voltage Range Differential ±10 V 

Common Mode ±10 V 
Offset Voltage X, Y ±5 ±30 mV 
CMRRX, Y VCM= ±10V,f= 50Hz 60 80 dB 
Bias Current X, Y, Z 0.8 2.0 ".A 
Differential Resistance 10 Mn 

POWER SUPPLY 
Supply Voltage 

Rated Performance ±lS V 
Operating Range ±S ±lS V 

Supply Current Quiescent 4 6 rnA 

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

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 •••••••••••••••••• 500 mW 
Input Voltages' ........................... ±18 V 
Output Short Circuit Duration . . . . . . . . . . . . . . . Indefinite 
Storage Temperature Range ........... -65°C to + 150°C 
Operating Temperature Range ............. OOC to +70°C 
Lead Temperature Range (Soldering 60 sec) .....•. +300°C 

NOTES 
lStresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

2S_Pin Plastic Package: alA = 1650C1W; S-Pin Small Outline Package: alA = 
1550C1W. 

'For supply voltages less than otiS V, the absolute maximum input voltage is 
eqnal to the supply voltage. 

2-48 ANALOG MUL TlPLlERSIDIVIDERS 

ORDERING GUIDE 

Model 

AD633JN 
AD633JR 
AD633JR-REEL 

Description 

8-Pin Plastic DIP 
8-Pin Plastic SOIC 
8-Pin Plastic SOIC 

Package 
Option* 

N-8 
R-8 
R-8 

°For oudine information see Package Information section. 
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FUNCTIONAL DESCRIPTION 
The AD633 is a low cost multiplier comprising a translinear 
core, a buried Zener reference, and a unity gain connected out
put amplifier with an accessible summing node. Figure 1 shows 
the functional block diagram. The differential X and Y inputs 
are converted to differential currents by voltage-to-current con
verters. The product of these currents is generated by the multi
plying core. A buried Zener reference provides an overall scale 
factor of 10 V. The sum of (X • Y)1l 0 + Z is then applied to 
the output amplifier. The amplifier summing node Z allows the 
user to add two or more multiplier outputs, convert the output 
voltage to a current, and configure various analog computational 
functions. 

Xl +Vs 

X2 W 

Yl Z 

Y2 -Vs 

Figure 1. AD633 Functional Block Diagram (AD633JN 
Pinout Shown) 

. 
Inspection of the block diagram shows the overall transfer func
tion to be: 

(Eq.l) 

ERROR SOURCES 
Multiplier errors consist primarily of input and output offsets, 
scale factor error, and nonlinearity in the mUltiplying core. The 
input and output offsets can be eliminated by using the optional 
trim of Figure 2. This scheme reduces the net error to scale fac
tor errors (gain error) and an irreducible nonlinearity component 
in the multiplying core. The X and Y nonlinearities are typically 
0.4% and 0.1 % of full scale, respectively. Scale factor error is 
typically 0.25% of full scale. The high impedance Z input 
should always be referenced to the ground point of the driven 
system, particularly if this is remote. Likewise, the differential 
X and Y inputs should be referenced to their respective grounds 
to realize the full accuracy of the AD633. 

+Vs 

±SOmV 

SOkf! ~1-"V'v'V-...... --o TO APPROPRIATE 
INPUT TERMINAL 
(E.g., X2 ,X 2,Z) 

lkn 

Figure 2. Optional Offset Trim Configuration 
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AD633 
APPLICATIONS 
The AD633 is well suited for such applications as modulation 
and demodulation, automatic gain control, power measurement, 
voltage controlled amplifiers, and frequency doublers. Note that 
these applications show the pin connections for the AD633JN 
pinout (8-pin DIP), which differs from the AD633JR pinout 
(8-pin SOIC). 

Multiplier Connections 
Figure 3 shows the basic connections for multiplication. The X 
and Y inputs will normally have their negative nodes grounded, 
but they are fully differential, and in many applications the 
grounded inputs may be reversed (to facilitate interfacing with 
signals of a particular polarity, while achieving some desired 
output polarity) or both may be driven. 

(+ 
X 

INPUT 
l..-

(+ 
Y 

INPUT 
l..-

+15V 
O.l~F 

~ 
(Xl-X2)(Yl-Y2) Z 

W= 10V + 

OPTIONAL SUMMING 
INPUT,Z 

Figure 3. Basic Multiplier Connections 

Squaring and Frequency Doubling 
As Figure 4 shows, squaring of an input signal, E, is achieved 
simply by connecting the X and Y inputs in parallel to produce 
an output of E2110 V. The input may have either polarity, but 
the output will be positive. However, the output polarity may 
be reversed by interchanging the X or Y inputs. The Z input 
may be used to add a further signal to the output. 

E.O-..... --1 

+15V 
O.l~F rv 2 

E 
W=~ 

Figure 4. Connections for Squaring 

When the input is a sine wave E sin wt, this squarer behaves as 
a frequency doubler, since 

(E sin wt)2 E2 
10 V = 20 V (I - cos 2 wt) (Eq. 2) 

Equation 2 shows a de term at the output which will vary 
strongly with the amplitude of the input, E. This can be 
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AD633 
avoided using the connections shown in Figure 5, where an RC 
network is used to generate two signals whose product has no dc 
term. It uses the identity: 

. 1. 
cos 6 $In 6 = 2 ($In 2 6) (Eq. 3) 

At "'0 = lICR, the X input leads the input signal by 45° (and 
is attenuated by y'2), and the Y input lags the X input by 45° 
(and is also attenuated by y'2). Since the X and Y inPUtS are 
90° out of phase, the response of the circuit will be (satisfying 
Equation 3.): 

W I E. E 
= (10 V) v2 ($In "'.,t +45°) v2 (sin "'.,t -45°) 

(Eq.4) 

which has no dc component. Resistors R1 and R2 are included 
to restore the output amplitude to 10 V for an input amplitude 
of 10 V. 

R 
101111 

The amplitude of the output is only a weak function of fre
quency: the output amplitude will be 0.5% too low at 

'" = 0.9 "'0 and '" = 1.1 "'0' 

E 

+1SV 
0.11lF 

~ E2 
R1 w= 10 
1k1l 

Figure 5. "Bounceless" Frequency Doubler 

~---------------------OW=vC(10V)E 

Figure 6. Connections for Square Rooting 

Generating Inverse Functions 
Inverse functions of multiplication, suell as division and square 
rooting, can be implemented by placing a multiplier in the feed
back loop of an op amp. Figure 6 shows how to implement a 
square rooter with the transfer function 

Likewise, Figure 7 shows how to implement a divider using 
a multiplier in a feedback loop. The transfer function for the 
divider is 

W = V-(10 VIE 

for the condition E<O. 
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101111 
R 

(Eq. 5) 

E 
W = -(10 V) -

Ex 

'------------_W= -10Vt 
x 

Figure 7. Connections for Division 

(Eq.6) 
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+ 
X 
INPUT 

+ y 
INPUT 

Applications-AD633 

1 len S R1, R2 S 100 len 

R2 

s 

Figure 8. Connections for Variable Scale Factor 

Variable Scale Factor 
In some instances, it may be desirable to use a scaling voltage 
other than I OV. The connections shown in Figure 8 increase the 
gain of the system by the ratio (RI + R2)1R1. This ratio is lim
ited to 100 in practical applications. The summing input, S, 
may be used to add an additional signal to the output or it may 
be grounded. 

Current Output 
The AD633's voltage output can be converted to a current out
put by the addition of a resistor R between the AD633's W and 
Z pins as shown in Figure 9 below. This arrangement forms the 

(+ 
X 

INPUT 
l..-

(+ 
y 

INPUT 
l..-

t--w ..... -o _ .1.J<X,-X2)(Y, -Y2 >] 
10 - R [ 10V 

1kOSRS100kO 

Figure 9. Current Output Connections 

+0-----1 
MODULATION 
INPUT, ±EM 

CARRIER INPUT 
ECsin rot 

basis of voltage controlled integrators and oscillators as will be 
shown later in this Applications section. The transfer function of 
this circuit has the form 

(Eq.7) 

Linear Amplitude Modulator 
The AD633 can be used as a linear amplitude modulator with 
no external components. Figure 10 shows the circuit. The 
carrier and modulation inputs to the AD633 are multiplied to 
produce a double-sideband signal. The carrier signal is fed for
ward to the AD633's Z input where it is summed with the 
double-sideband signal to produce a dOUble-sideband with 
carrier output. 

Voltage Controlled Low Pass and High Pass Filters 
Figure 11 shows a single multiplier used to build a voltage 
controlled low pass filter. The voltage at output A is a result 
of filtering, Es. The break frequency is modulated by Eo the 
control input. The break frequency, f2 , equals 

Ee 
h = (20 V) 1l'RC 

(Eq. 8) 

and the rolloff is 6 dB per octave. This output, which is at a 
high impedance point, may need to be buffered. 

O.'~ 
-15V 

Figure 10. Linear Amplitude Modulator 
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AD633 

+15V 

dB~ 12 f1 
o I 

OUTPUTB 

-6dBlOCTAYE I', 
OUTPUT A ( 

CONTROL 
INPUTtc 

SIGNAL 
INPUTES 

1----""",-0 OUTPUT 8=* 
I---"t"-+-o OUTPUT A = 1.~2 P 

T1= w,=RC 

T2= -W; = E~ORC 

Figure 11. Voltage Controlled Low Pass Filter 

The voltage at output B, the direct output of the AD633, has 
the same response up to frequency f l , the natural breakpoint of 
the RC filter, 

(Eq.9) 

then levels off to a constant attenuation of f.tf2 = Edl0. 

For example, if R = 8 kn and C = 0.002 f1F, then output A 
has a pole at frequencies from 100 Hz to 10kHz for Ec ranging 
from 100 mV to 10 V. Output B has an additional zero at 
10 kHz (and can be loaded because it is the multiplier's low im
pedance output). The circuit can be changed to a high pass filter 
by interchanging the resistor and capacitor as shown in Figure 
12, below. 

( 
CONTROL 
INPUTtc 

SIGNAL 
INPUT Es 

dB~ '1 '2 o I 

'OUTPUTB 
/\ .6dB/OCTAYE 

, OUTPUT A 

1----",,--0 OUTPUT B 

1----t--+--oOUTPUT A 

Figure 12. Voltage Controlled High Pass Filter 

D5 
IN5238 

Voltage Controlled Quadrature Oscillator 
Figure 13 shows two multipliers being used to form integrators 
with controllable time constants in a 2nd order differential equa
tion feedback loop. R2 and R5 provide controlled current out
put operation. The currents are integrated in capacitors Cl and 
C2, and the resulting voltages at high impedance are applied to 
the X inputs of the "next" A0633. The frequency control in
put, Ec, connected to the Y inputs, varies the integrator gains 
with a calibration of 100 HzIV. The accuracy is limited by the 
Y -input offsets. The practical tuning range of this circuit is 
100: I. C2 (proportional to Cl and C3), R3, and R4 provide re
generative feedback to start and maintain oscillation. The diode 
bridge, 01 through 04 (IN914s), and Zener diode 05 provide 
economical temperature stabilization aIId amplitude stabilization 
at ±8.5 V by degenerative damping. The output from the sec
ond integrator (10 V sin wt) has the lowest distortion. 

AGe AMPLIFIERS 
Figure 14 shows an AGe circuit that uses an rms-dc converter 
to measure the amplitude of the output waveform. The A0633 
and AI, 112 of an A0712 dual op amp, form a voltage con
trolled amplifier. The rms dc converter, an A0736, measures 
the rms value of the output signal. Its output drives A2, an inte
grator/comparator, whose output controls the gain of the voltage 
controlled amplifier. The IN4l48 diode prevents the output of 
A2 from going negative. R8, a 50 kO variable resistor, sets the 
circuit's output level. Feedback around the loop forces the volt
ages at the inverting and noninverting inputs of A2 to be equal, 
thus the AGe. 

>-____ .... _______________ (IOY) cos ... 

1---*-.---_ (lOY) .Inrot 

f=~o'; kHz 

Figure 13. Voltage Controlled Quadrature Oscillator 

2-52 ANALOG MUL TIPLIERSIDIVIDERS REV. 0 



Typical Characteristics-AD633 
R2 R3 R4 

lkQ 10kn 10kn 

+15V 

Eo--+-+-I 

R9 
11ll<n lN4148 

Figure 14. Connections for Use in Automatic Gain Control Circuit 
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Figure 15. Frequency Response 
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Figure 16. Input Bias Current vs. Temperature (X, Y, or Z 
Inputs) 
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Figure 17. Input and Output Signal Ranges vs. Supply 
Voltages 

Figure 18. CMRR vs. Frequency 
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FREQUENCY - Hz 

Figure 19. Noise Spectral Density vs. Frequency 
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Figure 20. AC Feedthrough vs. Frequency 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High Accuracy 

0.1% Typical Error 
High Speed 

10 MHz Full-Power Bandwidth 
450 V I!,-s Slew Rate 
200 ns Settling to 0.1% at Full Power 

Low Distortion 
-80 dBc from Any Input 
Third-Order IMD Typically -75 dBc at 10 MHz 

Low Noise 
94 dB SNR, 10 Hz to 20 kHz 
70 dB SNR, 10 Hz to 10 MHz 

Direct Division Mode 
2 MHz BW at Gain of 100 

APPLICATIONS 
High Performance Replacement for AD534 
Multiply, Divide, Square, Square Root 
Modulator, Demodulator 
Wideband Gain Control, RMS-DC Conversion 
Voltage-Controlled Amplifiers, Oscillators, and Filters 
Demodulator with 40 MHz Input Bandwidth 

PRODUCT DESCRIPTION 
The AD734 is an accurate high speed, four-quadrant analog 
multiplier that is pin-compatible with the industry-standard 
ADS34 and provides the transfer function W = XYIU. The 
AD734 provides a low-impedance voltage output with a full
power (20 V pk-pk) bandwidth of 10 MHz. Total static error 
(scaling, offsets, and nonlinearities combined) is 0.1 % of Full 
Scale. Distortion is typically less than - 80 dBc and guaranteed. 
The low-capacitance X, Y and Z inputs are fully differential. In 
most applications, no external components are required to defme 
the function. 

The internal scaling (denominator) voltage U is 10 V, derived 
from a buried-Zener voltage reference. A new feature provides 
the option of substituting an external denominator voltage, 
allowing the use of the AD734 as a two-quadrant divider with a 
1000: I denominator range and a signal bandwidth that remains 
10 MHz to a gain of 20 dB, 2 MHz at a gain of 40 dB and 
200 kHz at a gain of 60 dB, for a gain-bandwidth product of 
200 MHz. 

The advanced performance of the AD734 is achieved by a com
bination of new circuit techniques, the use of a high speed 
complementary bipolar process and a novel approach to laser
trimming based on ac signals rather than the customary de 
methods. The wide bandwidth (>40 MHz) of the AD734's in
put stages and the 200 MHz gain-bandwidth product of the 
multiplier core allow the AD734 to be used as a low distortion 
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X INPUT 

10 MHz, 4-Quadrant 
MultiplierlDivider 

AD734 I 
CONNECTION DIAGRAM 

14-Pin DIP 
(Q Package) 

[ Xl 

X2 

VP POSITIVE SUPPLY 

DO DENOMINATOR DISABLE 

W -OUTPUT 

[
UO 3 

DENOMINATOR Ul 
INTERFACE Zl ] ZINPUT 

Z2 U2 

9 ER REFERENCE VOLTAGE 

8 VN - NEGATIVE SUPPLY 

demodulator with input frequencies as high as 40 MHz as long 
as the desired output frequency is less than 10 MHz. 

The AD734AQ and AD734BQ are specified for the industrial 
temperature range of -40°C to +8SoC and come in a 14-pin 
ceramic DIP. The AD734SQ/883B, available processed to MIL
STD-883B for the military range of -SsoC to + 12SoC, is avail
able in a 14-pin ceramic DIP. 

PRODUCT HIGHLIGHTS 
The AD734 embodies more than two decades of experience in 
the design and manufacture of analog multipliers, to provide: 
I. A new output amplifier design with more than twenty times 

the slew-rate of the ADS34 (4S0 VlfLs versus 20 V/fLS) for a 
full power (20 V pk-pk) bandwidth of 10 MHz. 

2. Very low distortion, even at full power, through the use of 
circuit and trimming techniques that virtually eliminate all of 
the spurious nonlinearities found in earlier designs. 

3. Direct control of the denominator, resulting in higher multi
plier accuracy and a gain-bandwidth product at small denom
inator values that is typically 200 times greater than that of 
the ADS34 in divider modes. 

4. Very clean transient response, achieved through the use of a 
novel input stage design and wide-band output amplifier, 
which also ensure that distortion remains low even at high 
frequencies. 

S. Superior noise performance by careful choice of device geom
etries and operating conditions, which provide a guaranteed 
88 dB of dynamic range in a 20 kHz bandwidth. 
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AD734-SPECIFICATIONS (fA = +25°C, +VS = VP = +15 V, -VS = VN = -15 V, RL ~ 2 kG) 
TRANSFER FUNCTION 

Parameter Conditions 

MULTIPLIER PERFORMANCE 
Transfer Function 
Total Static Error! -IOV,,;X,Y,,;IOV 

Over TmiD to Tawr. 
vs. Temperature Tmin to TIIl8X 
vs. Either Supply ±Vs = 14 V to 16 V 

Peak Nonlinearity -IOV,,; X,; +10 V, Y = +IOV 
-IOV,;Y,,; +IOV,X= +IOV 

THI)2 X = 7 V rms, Y = +10 V, f,; 5 kHz 
ToUD toTJDIIlr. 
Y = 7 Vrms, X = +10 V, f,; 5 kHz 
Tmin to Tmax 

Feedthrough X = 7Vnns, Y = nulled,f,; 5kHz 
Y = 7 V rms, X = nulled, f,; 5 kHz 

Noise (RTO) X=Y=O 
Spectral Density 100 Hz to I MHz 
Total Output Noise 10 Hz to 20 kHz 

Tmia to Tm• x 

DlVIDER PERFORMANCE (Y = 10 V) 
Transfer Function 
Gain Error Y= IOV,U = lOOmVto IOV 
X Input Clipping Level Y,; IOV 
U Input Scaling Error' 

TOlin to Tmax 
(Output to 1%) U= I VtoIOVStep,X= I V 

INPUT INTERFACES (X, Y, & Z) 
3 dB Bandwidth 
Operating Range Differential or Common Mode 

X Input Offset Voltage 
TmintoTm .. 

Y Input Offset Voltage 
T min to T~x 

Z Input Offset Voltage 
Tmin to Tmax 

Z Input PSRR (Either Supply) f,;lkHz 
T min to Tmox 

CMRR f=5kHz 
Input Bias Current (X, Y, Z Inputs) 

Tmin to Tmax 

Input Resistance Differential 
Input Capacitance Differential 

DENOMINATOR INTERFACES (UO, Ul, & U2) 
Operating Range 
Denominator Range 
Interface Resistor UltoU2 

OUTPUT AMPLIFIER (W) 
Output Voltage Swing Twin to Tmu: 
Open·Loop Voltage Gain X = Y = 0, Input to Z 
Dynamic Response From X or Y Input, CL ,; 20 pF 

3 dB Bandwidth W,; 7Vrms 
Slew Rate 

Setdins Time + 20 V or - 20 V Output Step 
To 1% 
To 0.1% 

Short-Circuit Current Tmin to Tmia 

POWER SUPPLIES, ±Vs 
Operating Supply Range 
Quiescent Current Tmin to Tmax 

NOTES 
!Figures given are percent offulJ scale (e.g., 0.01% = I mY). 
'dBc refers to deciBels relative to the full scale input (carrier) level of 7 V nns. 
'See Figure 10 for test circuit. 

A B 
Min Typ Max Min Typ Max 

W= XY/IO W = XY/lO 
0.1 0.4 0.1 0.25 

1 0.6 
0.004 0.003 
0.01 0.05 0.01 0.05 
0.05 0.05 
0.025 0.025 

-58 -66 
-55 -63 
-60 -80 
-57 -74 

-85 -60 -85 -70 
-85 -66 -85 -76 

1.0 1.0 
-94 -88 -94 -88 

-85 -85 

W= XY/U W= XY/U 
I I 

1.25 x U 1.25 x U 
0.3 0.15 
0.8 0.65 

100 100 

40 40 
±12.5 ±12.5 

15 5 
25 15 
10 5 
12 6 
20 10 
50 50 

54 70 66 70 
SO 56 
70 85 70 85 

50 300 50 ISO 
400 300 

SO 50 
2 2 

VNto VP·3 VNtoVp·3 
1000:1 1000:1 

28 28 

±12 ±12 
72 72 

8 10 8 10 
450 450 

125 125 
200 200 

20 50 80 20 50 80 

±8 ±16.5 ±8 ±16.5 
6 9 12 6 9 12 

AU min and max specifications are guaranteed. Specifications in Boldface are tested on aU production units at fmal electrical test. 

Specifications subject to change without notice. 
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S 
Min Typ Max 

W = XY/IO 
0.1 0.4 

1.25 
0.004 
0.01 0.05 
0.05 
Om5 

-58 
-55 
-60 
-57 

-85 -60 
-85 -66 

1.0 
-94 -88 

-85 

W= XY/U 
I 

1.25 x U 
0.3 
1 

100 

40 
±12.5 

15 
25 
10 
12 
20 
90 

54 70 
50 
70 85 

50 300 
500 

50 
2 

VNtoVp·3 
1000:1 

28 

±12 
72 

8 10 
450 

125 
200 

20 SO 80 

±8 ±16.5 
6 9 12 

Units 

% 
% 
%rC 
%IV 
% 
% 
dBc 
dBc 
dBc 
dBc 
dBc 
dBc 

.,.V/y'Hz 
dBc 
dBc 

% 
V 
% 
% 
ns 

MHz 
V 
mV 
mV 
mV 
mV 
mV 
mV 
dB 
dB 
dB 
nA 
nA 
kn 
pF 

V 

kn 

V 
dB 

MHz 
VI.,.s 

ns 
ns 
mA 

V 
mA 
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AD734 
ABSOLUTE MAXIMUM RATINGS l ORDERING GUIDE 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 

for TJ max = 175°C ..................... 500 mW 

Temperature Package 
Model Range Description 

X, Y and Z Input Voltages ................. VN to VP AD734AN -40°C to +85°C Plastic DIP 
Output Short Circuit Duration ............... Indefmite AD734BN -40°C to +85°C Plastic DIP 
Storage Temperature Range AD734AQ -40°C to + 85°C Cerdip 

Q ........................... -65°C to + 150°C AD734BQ -40°C to +85°C Cerdip 
Operating Temperature Range AD734SQ - 55°C to + 125°C Cerdip 

AD734A, B (Industrial) ............. -40°C to +85°C AD734S Chip - WC to + 125°C Chip 
AD734S (Military) ................ -55°C to + 125°C 

Lead Temperature Range (soldering 60 sec) ........ + 300°C 
*For outline infonnation see Package Information section. 

Transistor Count ............................. 81 

NOTES 
IStresses above those listed lUlder "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

'14·Pin Ceramic DIP: aJA = llO°CIW 

cmp DIMENSIONS & BONDING DIAGRAM 
Dimensions shown in inches and (nun). 
(Contact factory for latest dimensions.) 

X1L-__ !/o------------it 

UO 
U1 U2 

Package 
Option* 

N-14 
N-14 
Q-14 
Q-14 
Q-14 
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AD734 

X1 

X2 

UO 

U1 

U2 

Y1 

Y2 

Figure 1. AD734 Block Diagram 

FUNCTIONAL DESCRIPTION 
Figure I is a simplified block diagram of the AD734. Operation 
is similar to that of the industry-standard AD534 and in many 
applications these parts are pin-compatible. The main functional 
difference is the provision for direct control of the denominator 
voltage, U, explained fully on the following page. Internal sig
nals are actually in the form of currents, but the function of the 
AD734 can be understood using voltages throughout, as shown 
in this figure. Pins are named using upper-case characters (such 
as XI, Z2) while the voltages on these pins are denoted by sub
scripted variables (for example, Xl' Zz). 

The AD734's differential X, Y and Z inputs are handled by 
wideband interfaces that have low offset, low bias current and 
low distortion. The AD734 responds to the difference signals 
X = Xl - X"~ Y = Yl - Yz and Z = Z, - Zz, and rejects 
common-mode voltages on these inputs. The X, Y and Z inter
faces provide a nominal full-scale (FS) voltage of ± 10 V, but, 
due to the special design of the input stages, the linear range of 
the differential input can be as large as ±17 V. Also unlike pre
vious designs, the response on these inputs is not clipped 
abruptly above ± 15 V, but drops to a slope of one half. 

The bipolar input signals X and Yare mUltiplied in a translinear 
core of novel design to generate the product XYIU. The denom
inator voltage, U, is internally set to an accurate, temperature
stable value of 10 V, derived from a buried-Zener reference. An 
uncalibrated fraction of the denominator voltage U appears 
between the voltage reference pin (ER) and the negative supply 
pin (VN), for use in certain applications where a temperature
compensated voltage reference is desirable. The internal denomi
nator, U, can be disabled, by connecting the denominator 
disable Pin 13 (DD) to the positive supply pin (VP); the denom
inator can then be replaced by a fixed or variable external volt
age ranging from 10 mV to more than 10 V. 

The high-gain output op-amp nulls the difference between 
XY IU and an additional signal Z, to generate the final output 
W. The actual transfer function can take on several forms, de
pending on the connections used. The AD734 can perform all of 
the functions supported by the AD534, and new functions using 
the direct-division mode provided by the U-interface. 

Each input pair (XI and X2, YI and Y2, ZI and Z2) has a dif
ferential input resistance of 50 kG; this is formed by "real" re
sistors (not a small-signal approximation) and is subject to a 
tolerance of ±20%. The common-mode input resistance is sev
eral megohms and the parasitic capacitance is about 2 pF. 

The bias currents associated with these inputs are nulled by 
laser-trimming, such that when one input of a pair is optionally 
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ac-coupled and the other is grounded, the residual offset voltage 
is typically less than 5 m V, which corresponds to a bias current 
of only 100 nA. This low bias current ensures that mismatches 
in the sources resistances at a pair of inputs does not cause an 
offset error. These currents remain low over the full tempera
ture range and supply voltages. 

The common-mode range of the X, Y and Z inputs does not 
fully extend to the supply rails. Nevertheless, it is often possible 
to operate the AD734 with one terminal of an input pair con
nected to either the positive or negative supply, unlike previous 
multipliers. The common-mode resistance is several megohms. 

The full-scale output of ± 10 V can be delivered to a load resis
tance of I kG (although the specifications apply to the standard 
multiplier load condition of 2 kG). The output amplifier is 
stable driving capacitive loads of at least 100 pF, when a slight 
increase in bandwidth results from the peaking caused by this 
capacitance. The 450 VlJLs slew rate of the AD734's output am
plifier ensures that the bandwidth of 10 MHz can be maintained 
up to the full output of 20 V pk-pk. Operation at reduced sup
ply voltages is possible, down to ±8 V, with reduced signal 
levels. 

Available Transfer Functions 
The uncommitted (open-loop) transfer function of the AD734 is 

{
(Xl - XZ)(YI - Yz) } 

W = Ao U - (Zl - Zz) , (I) 

where Ao is the open-loop gain of the output op-amp, typically 
72 dB. When a negative feedback path is provided, the circuit 
will force the quantity inside the brackets essentially to zero, 
resulting in the equation 

(2) 

This is the most useful generalized transfer function for the 
AD734; it expresses a balance between the product XY and the 
product UZ. The absence of the output, W, in this equation 
only reflects the fact that we have not yet specified which of the 
inputs is to be connected to the op-amp output. 

Most of the functions of the AD734 (including division, unlike 
the AD534 in this respect) are realized with Z, connected to W. 
So, substituting W in place of Zl in the ahove equation results 
in an output. 

(3) 

The free input Z2 can be used to sum another signal to the out
put; in the absence of a product signal, W simply follows the 
voltage at Z2 with the full 10 MHz bandwidth. When not 
needed for summation, Z2 should be connected to the ground 
associated with the load circuit. We can show the allowable po
larities in the following shorthand form: 

(±X)(±Y) 
( ± W) = (+ U) + ±Z. (4) 

In the recommended direct divider mode, the Y input is set to a 
fixed voltage (typically 10 V) and U is varied directly; it may 
have any value from 10 m V to 10 V. The magnitude of the ratio 
XlU cannot exceed 1.25; for example, the peak X-input for U 
= I V is ±1.25 V. Above this level, clipping occurs at the posi

tive and negative extremities of the X-input. Alternatively, the 
AD734 can be operated using the standard (AD534) divider con
nections (Figure 8), when the negative feedback path is estab
lished via the Y z input. Substituting W for Y z in Equation (2), 
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we get 

(5) 

In this case, note that the variable X is now the denominator, 
and the above restriction (XIU :5 1.25) on the magnitude of the 
X input does not apply. However, X must be positive in order 
for the feedback polarity to be correct. Y I can be used for sum
ming purposes or connected to the load ground if not needed. 
The shorthand form in this case is 

( ± W) = ( + U) ~:i) + ( ± Y). (6) 

In some cases, feedback may be connected to two of the avail
able inputs. This is true for the square-rooting connections (Fig
ure 9), where W is connected to both XI and Y 2' Setting 
XI = Wand Y2 = W in Equation (2); and anticipating the pos
sibility of again providing a summing input, so setting X2 = S 
and Y I = S, we find, in shorthand form 

( ± W) = V ( + U)( + Z) + ( ± S). (7) 

This is seen more generally to be the geometric-mean function, 
since both V and Z can be variable; operation is restricted to 
one quadrant. Feedback may also be taken to the V-interface. 
Full details of the operation in these modes is provided in the 
appropriate section of this data sheet. 

Direct Denominator Control 
A valuable new feature of the AD734 is the provision to replace 
the internal denominator voltage, V, with any value from 
+ 10 mV to + 10 V. This can be used (I) to simply alter the 
multiplier scaling, thus improve accuracy and achieve reduced 
noise levels when operating with small input signals; (2) to im
plement an accurate two-quadrant divider, with a 1000: I gain 
range and an asymptotic gain-bandwidth product of 200 MHz; 
(3) to achieve certain other special functions, such as AGe or 
rms. 

Figure 2 shows the internal circuitry associated with denomina
tor control. Note first that the denominator is actually propor
tional to a current, Iu, having a nominal value of 356 IJ-A for 
V = 10 V, whereas the primary reference is a voltage, generated 
by a buried-Zener circuit and laser-trimmed to have a very low 
temperature coefficient. This voltage is nominally 8 V with a 
tolerance of ± 10%. 

REV,Q 

lu NOMINALLY 
356~A for 
U=10Y 

Figure 2. Denominator Control Circuitry 

LINK TO 
DISABLE 

Understanding the AD734 
Mter temperature-correction (block Te), the reference voltage is 
applied to transistor Qd and trimmed resistor Rd, which gener
ate the required reference current. Transistor Qu and resistor 
Ru are not involved in setting up the internal denominator, and 
their associated control pins VO, VI and V2 will normally be 
grounded. The reference voltage is also made available, via the 
100 kG resistor Rr, at Pin 9 (ER); the purpose of Qr is ex
plained below. 

When the control pin DD (denominator disable) is connected to 
VP, the internal source of Iu is shut off, and the collector cur
rent of Qu must provide the denominator current. The resistor 
Ru is laser-trimmed such that the multiplier denominator is ex
actly equal to the voltage across it (that is, across pins VI and 
V2). Note that this trimming only sets up the correct internal 
ratio; the absolute value of Ru (nominally 28 kG) has a tolerance 
of ±20%. Also, the alpha of Qu, (typically 0.995) which might 
be seen as a source of scaling error, is canceled by the alpha of 
other transistors in the complete circuit. 

In the simplest scheme (Figure 3), an externally-provided 
control voltage, V G' is applied directly to VO and V2 and the 
resulting voltage across Ru is therefore reduced by one V BE' For 
example, when V G = 2 V, the actual value of V will be about 
1.3 V. This error will not be important in some closed-loop ap
plications, such as automatic gain control (AGC), but clearly is 
not acceptable where the denominator value must be well
defmed. When it is required to set up an accurate, fixed value 
of V, the on-chip reference may be used. The transistor Qr is 
provided to cancel the V BE of Qu, and is biased by an external 
resistor, R2, as shown in Figure 4. RI is chosen to set the de
sired value of V and consists of a fixed and adjustable resistor. 

+ 

Figure 3. Low-Accuracy Denominator Control 

.Yo 

R2 

( 
Rl 

l 
-'Is 

Figure 4. Connections for a Fixed Denominator 
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AD734 
Table I shows useful values of the external components for set
ting up nonstandard denominator values. 

Denominator Rl (Fixed) Rl (Variable) R2 

5V 34.8 kG 20 kG 120 kG , 
3V 64.9 kG 20 kG 220 kG 
2V 86.6 kG 50 kn 300kn 
IV 174 kG 100 kG 620 kG 

Table I. Component Values for Setting Up Nonstandard 
Denominator Values 

The denominator can also be current controlled, by grounding 
Pin 3 (VO) and withdrawing a current of Iu from Pin 4 (Ul). 
The nominal scaling relationship is V "" 28 x Iu, where u is 
expressed in volts and Iu is.expressed in milliamps. Note, 
however, that while the linearity of this relationship is very 
good, it is subject to a scale tolerance of ±20%. Note that the 
common mode range on Pins 3 through 5 actually extends from 
4 V to 36 V below VP, so it is not necessary to restrict the 
connection of VO to ground if it should be desirable to use some 
other voltage. 

The output ER may also be buffered, re-scaled and used as a 
general-purpose reference voltage. It is generated with respect to 
the negative supply line Pin 8 (VN), but this is acceptable when 
driving one of the signal interfaces. An example is shown in Fig
ure 12, where a fixed numerator of 10 V is generated for a di
vider application. There, Y z is tied to VN but Y, is 10 V above 
this; therefore the common-mode voltage at this interface is still 
5 V above VN, which satisfies the internal biasing requirements 
(see Specillcations Table). 

OPERATION AS A MULTIPLIER 
All of the connection schemes used in this section are essentially 
identical to those used for the AD534, with which the AD734 is 
pin-compatible. The only precaution to be noted in this regard 
is tbat in the AD534, Pins 3, 5, 9, and 13 are not internally con
nected and Pin 4 has a slightly different purpose. In many cases, 
an AD734 can be directly substituted for an AD534 with imme
diate benefits in static accuracy, distortion, feedthrough, and 
speed. Where Pin 4 was used in an AD534 application to 
achieve a reduced denominator voltage, this function can now be 
much more precisely implemented with the AD734 using alter
native connections (see Direct Denominator Control, page 5). 

Operation from supplies down to ±8 V is possible. The supply 
current is essentially independent of voltage. As is true of all 
high speed circuits, careful power-supply decoupling is impor
tant in maintaining stability under all conditions of use. The 
decoupling capacitors should always be connected to the load 
ground, since the load current circulates in these capacitors at 
high frequencies. Note the use of the special symbol (a triangle 
with the letter 'L' inside it) to denote the load ground. 

Standard Multiplier Connections 
Figure 5 shows the basic connections for multiplication. The X 
and Y inputs are shown as optionally having their negative 
nodes grounded, but they are fully differential, and in many 
applications the grounded inputs may be reversed (to facilitate 
interfacing with signals of a particular polarity, while achieving 
some desired output polarity) or both may be driven. 

The AD734 has an input resistance of 50 kG ± 20% at the X, 
Y, and Z interfaces, which allows ac-coupling to be achieved 
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X-INPUT 
±1OVFS 

V-INPUT 
:t10VFS 

@HH----W= (X'-X:~~'-Y,) +z, 
LOAD 
GROUND 

1iOIf--+.....:.-~ .. z, 
OPT1ONAL 
SUrilMtNG 
INPUT 
±10V FS 

Figure 5. Basic Multiplier Circuit 

with moderately good control of the high-pass (HP) corner fre
quency; a capacitor of 0.1 I1F provides a HP corner frequency 
of 32 Hz. When a tighter control of this frequency is needed, or 
when the HP corner is above about 100 kHz, an external resis
tor should be added across the pair of input nodes. 

At least one of the two inputs of any pair must be provided with 
a de path (usually to ground). The careful selection of ground 
returns is important in realizing the full accuracy of the AD734. 
The Z2 pin wilJ normally be connected to the load ground, 
which may be remote, in some cases. It may also be used as 
an optional summing input (see Equations (3) and (4), above) 
baving a nominal FS input of ± 10 V and the full 10 MHz 
bandwidth. 

In applications where high absolute accuracy is essential, the 
scaling error caused by the finite resistance of the signal 
source(s) may be troublesome; for example, a 50 G source resis
tance at just one input wilJ introduce a gain error of -0.1 %; if 
both the X-and Y -inputs are driven from 50 G sources, the 
scaling error in the product wilJ be -0.2%. Provided the source 
resistance(s) are known, this gain error can be completely com
pensated by including the appropriate resistance (50 G or 
100 G, respectively, in the above cases) between the output W 
(Pin 12) and the Zl feedback input (Pin 11). If Rx is the total 
source resistance associated with the XI and X2 inputs, and Ry 
is the total source resistance associated with the YI and Y2 in
puts, and neither Rx nor Ry exceeds I kG, a resistance of 
Rx+Ry in series with pin ZI wilJ provide the required gain 
restoration. 

Pins 9 (ER) and 13 (DD) should be left unconnected in this ap
plication. The V-inputs (Pins 3, 4 and 5) are shown connected 
to ground; they may alternatively be connected to VN, if de
sired. In applications where Pin 2 (X2) bappens to be driven 
with a high-amplitude, high-frequency signal, the capacitive 
coupling to the denominator control circuitry via an ungrounded 
Pin 3 can cause high-frequency distortion. However, the AD734 
can be operated without modification in an AD534 socket, and 
these three pins left unconnected, with the above caution noted. 

X-INPUT 
:t10VFS 

V-INPUT 
±10VFS 

- (X ,-XZ)(Y'-Y2) [.1. ..!...] 
Iw- 10V R +SOk 

lis S 

:!:10mAMAX FS 

±10V MAXIMUM 
LOAD VOLTAGE 

Figure 6. Conversion of Output to a Current 
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Current Output 
It may occasionally be desirable to convert the output voltage to 
a current. In correlation applications, for example, multiplica
tion is followed by integration; if the output is in the form of a 
current, a simple grounded capacitor can perform this function. 
Figure 6 shows how this can be achieved. The op-amp forces 
the voltage across ZI and Z2, and thus across the resistor Rs, to 
be the product XY/U. Note that the input resistance of the 
Z interface is in shunt with Rs, which must be calculated 
accordingly. 

The smallest FS current is simply ±IO V/50 kO" or ±200 J.1A, 
with a tolerance of about 20%. To guarantee a 1% conversion 
tolerance without adjustment, Rs must be less than 2.5 ko'. The 
maximum full scale output current should be limited to about 
± 10 rnA (thus, Rs = I ko'). This concept can be applied to all 
connection modes, with the approprmte choice of terminals. 

Squaring and Frequency-Doubling 
Squaring of an input signal, E, is achieved simply by connecting 
the X and Y inputs in parallel; the phasing can be chosen to 
produce an output of E2/U or - E2/U as desired. The input may 
have either polarity, but the basic output will either always be 
positive or negative; as for multiplication, the Z2 input may be 
used to add a further signal to the output. 

When the input is a sinewave, a squarer behaves as a frequency
doubler, since 

(EsinwI)2 = E2 (I - cos2wl)/2 (8) 

Equation (8) shows a dc term at the output which will vary 
strongly with the amplitude of the input, E. This dc term can 
be avoided using the connection shown in Figure 7, where an 
RC-network is used to generate two signals whose product has 
no dc term. The output is 

W = 4 {~sin (WI + ~)}{~Sin (WI - ~)}( I~ V)<9) 

for W = IICRI, which is just 

W = E2(cos2wl)/(1O V) (10) 

which has no dc component. To restore the output to ± 10 V 
when E = 10 V, a feedback attenuator with an approximate ra
tio of 4 is used between W and Z I; this technique can be used 
wherever it is desired to achieve a higher overall gain in the 
transfer function. 

In fact, the values of R3 and R4 include additional compensa
tion for the effects of the 50 ko' input resistance of all three in
terfaces; R2 is included for a similar reason. These resistor 
values should not be altered without careful calculation of the 
consequences; with the values shown, the center frequency fo is 
100 kHz for C = I nF. The amplitude of the output is only a 
weak function of frequency: the output amplitude will be 0.5% 
too low at f = 0.9fo and f = l.Ifo. The cross-connection is sim
ply to produce the cosine output with the sign shown in Equa
tion (10); however, the sign in this case will rarely be important. 
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R4 J 4.32k 

L.....+-....,.... 

Figure 7. Frequency Doubler 

OPERATION AS A DIVIDER 
The AD734 supports two methods for performing analog divi
sion. The first is based on the use of a multiplier in a feedback 
loop. This is the standard mode recommended for multipliers 
having a fixed scaling voltage, such as the AD534, and will be 
described in this Section. The second uses the AD734's unique 
capability for externally varying the scaling (denominator) volt
age directly, and will be described in the next section. 

Feedback Divider Connections 
Figure 8 shows the connections for the standard (AD534) di
vider mode. Feedback from the output, W, is now taken to the 
Y2 (inverting) input, which, provided that the X-input is posi
tive, establishes a negative feedback path. Yl should normally 
be connected to the ground associated with the load circuit, but 
may optionally be used to sum a further signal to the output. If 
desired, the polarity of the Y -input connections can be reversed, 
with W connected to Yl and Y2 used as the optional summation 
input. In this case, either the polarity of the X-input connec
tions must be reversed, or the X-input voltage must be negative. 

X INPUT 
+O.IV TO +10V --:-~rn 

Figure 8. Standard (AD534) Divider Connection 

The numerator input, which is differential and can have either 
polarity, is applied to pins ZI and Z2. As with all dividers based 
on feedback, the bandwidth is directly proportional to the de
nominator, being 10 MHz for X = 10 V and reducing to 
100 kHz for X = 100 mY. This reduction in bandwidth, and 
the increase in output noise (which is inversely proportional to 
the denominator voltage) preclude operation much below a de
nominator of 100 mY. Division using direct control of the de
nominator (Figure 10) does not have these shortcomings. 
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S 
OPTIONAL 
SUMMING 

INPUT 
:t:10VFS 

.15V 
O.1I1F 

~ 
D W=~.S 

Figure 9. Connection for Square Rooting 

Connections for Square-Rooting 
The AD734 may be used to generate an output proportional to 
the square-root of an input using the connections shown in 
Figure 9. Feedback is now via both the X and Y inputs, and is 
always negative because of the reversed-polarity between these 
two inputs. The Z input must have the polarity shown, but 
because it is applied to a differential port, either polarity of 
input can be accepted with reversal of Z 1 and Z2, if necessary. 
The diode D, which can be any small-signal type (1N4148 being 
suitable) is included to prevent a latching condition which could 
occur if the input momentarily was of the incorrect polarity of 
the input, the output will be always negative. 

Note that the loading on the output side of the diode will be 
provided by the 25 kG of input resistance at Xl and Y2, and by 
the user's load. In high speed applications it may be beneficial 
to include further loading at the output (to 1 kG minimum) to 
speed up response time. As in previous applications, a further 
signal, shown here as S, may be summed to the output; if this 
option is not used, this node should be connected to the load 
ground. 

DMSION BY DIRECT DENOMINATOR CONTROL 
The AD734 may be used as an analog divider by directly vary
ing the denominator voltage. In addition to providing much 
higher accuracy and bandwidth, this mode also provides greater 
flexibility, because all inputs remain available. Figure 10 shows 
the connections for the general case of a three-input multiplier 
divider, providing the function 

W - (Xl - Xzl(Y1 - Yzi (11) 
- (Ul - Uzi + Zz, 

where the X, Y, and Z signals may all be positive or negative, 
but the difference U = U1 - U2 must be positive and in the 
range + 10 mV to + 10 V. If a negative denominator voltage 
must be used, simply ground the noninverting input of the op 
amp. As previously noted, the X input must have a magnitude 
of less than 1.25U. 

X-INPUT 

(U, 

U-INPUT 

lu, U2 

VI ER 
V-INPUT 

w = (X 1- X2)(Y,- Y2) + Z2 
~ ...... +---.::.,;; U,-U, 

lOAD 
GROUND 

ji--I----z, 
OPnONAL V SUMMING 
INPUT 
:t10YFS 

Figure 10. Three-Variable Multiplier/Divider Using Direct 
Denominator Control 
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This connection scheme may also be viewed as a variable-gain 
element, whose output, in response to a signal at the X input, is 
controllable by both the Y input (for attenuation, using Y less 
than U) and the U input (for amplification, using U less than 
Y). The ac performance is shown in Figure 11; for these results, 
Y was maintained at a constant 10 V. At U = 10 V, the gain is 
unity and the circuit bandwidth is a full 10 MHz. At U = I V, 
the gain is 20 dB and the bandwidth is essentially unaltered. At 
U = 100 mY, the gain is 40 dB and the bandwidth is 2 MHz. 
Finally, at U = 10 mY, the gain is 60 dB and the bandwidth is 
250 kHz, corresponding to a 250 MHz gain-bandwidth product. 
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I 
U.\DOm' 

I 
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I 
uJ .. 
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--I-

.......... 

R~ 

r-

100k 1M 10M 

FREQUENCY - Hz 

Figure 11. Three-Variable Multiplier/Divider Performance 

The 2 MG resistor is included to improve the accuracy of the 
gain for small denominator voltages. At high gains, the X input 
offset voltage can cause a siguificant output offset voltage. To 
eliminate this problem, a low-pass feedback path can be used 
from W to X2; see Figure 13 for details. 

Where a numerator of 10 V is needed, to implement a two
quadrant divider with fixed scaling, the connections shown in 
Figure 12 may be used. The reference voltage output appearing 
between Pin 9 (ER) and Pin 8 (VN) is amplified and buffered 
by the second op amp, to impose 10 V across the YIIY2 input. 
Note that Y2 is connected to the negative supply in this applica
tion. This is pertnissable because the common-mode voltage is 
still high enough to meet the internal requirements. The ttansfer 
function is 

W = lOV ( ~: = ~:) + Zz. (12) 

The ac performance of this circuit remains as shown in 
Figure 11. 

X -INPUT -~--t:[l 

(U, 
U-INPUT 

lu, --"':""'0{[] 

w= (X ,-X2hov +Z2 
~""-I---_ U,-U2 

LOAD 
GROUND 

Iill--t.....:.-~ z, 
OPTIONAL 
SUMMING 
INPUT 
:!:10VFS 

Figure 12. Two-Quadrant Divider with Fixed 10 V Scaling 
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A PRECISION AGe LOOP 
The variable denominator of the AD734 and its high gain
bandwidth product make it an excellent choice for precise auto
matic gain control (AGC) applications. Figure 13 shows a 
suggested method. The input signal, EIN, which may have a 
peak amplitude of from 10 mV to 10 V at any frequency from 
100 Hz to 10 MHz, is applied to the X input, and a fixed posi
tive voltage Ec to the Y input. Op amp A2 and capacitor C2 
form an integrator having a current summing node at its invert
ing input. (The AD712 dual op amp is a suitable is a suitable 
choice for this application.) In the absence of an input, the cur
rent in D2 and R2 causes the integrator output to ramp nega
tive, clamped by diode D3, which is included to reduce the time 
required for the loop to establish a stable, calibrated, output 
level once the circuit has received an input signal. With no in
put to the denominator (UO and U2), the gain of the AD734 is 
very high (about 70 dB), and thus even a small input causes a 
substantial output. 

E~ 

Ec~--'---~-;~~ 
+1VTO 

+10V 

R. 
1MU 

R1 
1MU 

01 
1N914 1 

EOUT 

[ill---t---t-t-J 

OP AMP = AD712 DUAL 

Figure 13. Precision AGC Loop 

Diode DI and CI form a peak detector, which rectifies the out
put and causes the integrator to ramp positive. When the cur
rent in RI balances the current in R2, the integrator output 
holds the denominator output at \I constant value. This occurs 
when there is sufficient gain to raise the amplitude of EIN to 
that required to establish an output amplitude of Ec over the 
range of + I V to + 10 V. The X input of the AD734, which has 
finite offset voltage, could be troublesome at the output at high 
gains. The output offset is reduced to that of the X input (one 
or two millivolts) by the offset loop comprising R3, C3, and 
buffer AI. The low pass corner frequency of 0.16 Hz is trans
formed to a high-pass corner that is multiplied by the gain (for 
example, 160 Hz at a gain of 1000). 

In applications not requiring operation down to low frequencies, 
amplifier Al can be eliminated, but the AD734's input resis
tance of 50 kO between XI and X2 will reduce the time con
stant and increase the input offset. Using a non-polar 20 fJ.F 
tantalum capacitor for CI will result in the same unity-gain 
high-pass corner; in this case, the offset gain increases to 20, 
still very acceptable. 

Figure 14 shows the error in the output for sinusoidal inputs at 
100 Hz, 100 kHz, and I MHz, with Ec set to + 10 V. The out
put error for any frequency between 300 Hz and 300 kHz is 
similar to that for 100 kHz. At low signal frequencies and low 
input amplitudes, the dynamics of the control loop determine 
the gain error and distortion; at high frequencies, the 200 MHz 
gain-bandwidth product of the AD734 limit the available gain. 
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The output amplitude tracks Ec over the range + I V to slightly 
more than + 10 V. 
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Figure 14. AGC Amplifier Output Error vs. Input Voltage 

WIDEBAND RMS-DC CONVERTER 
USING U INTERFACE 
The AD734 is well suited to such applications as implicit RMS
DC conversion, where the AD734 implements the function 

avg [VlN2] 
VRMS = (13) 

VRMS 

using its direct divide mode. Figure 15 shows the circuit. 

VON CHr-------{i] 

Figure 15. A 2-Chip, Wideband RMS-DC Converter 

In this application, the AD734 and an AD708 dual op amp 
serve as a 2-chip RMS-DC converter with a 10 MHz bandwidth. 
Figure 16 shows the circuit's performance for square-, sine-, and 
triangle-wave inputs. The circuit accepts signals as high as 10 V 
p-p with a crest factor of I or I V p-p with a crest factor of 10. 
The circuit's response is flat to 10 MHz with an input of 10 V, 
flat to almost 5 MHz for an input of IV, and to almost I MHz 
for inputs of 100 mY. For accurate measurements of input levels 
below 100 mY, the AD734's output offset (Z interface) voltage, 
which contributes a de error, must be trimmed out. 

In Figure 15's circuit, the AD734 squares the input signal, and 
its output (V IN 2) is averaged by a low-pass fIlter that consists of 
RI and CI and has a corner frequency of I Hz. Because of the 
implicit feedback loop, this value is both the output value, 
VRMS ' and the denominator in Equation (13). U2a and U2b, an 
AD708 dual de precision op amp, serve as unity-gain buffers, 
supplying both the output voltage and driving the U interface. 
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Figure 16. RMS-DC Converter Performance 

LOW DISTORTION MIXER 
The AD734's low noise and distortion make it especially suitable 
for use as a mixer, modulator, or demodulator. Although the 
AD734's - 3 dB bandwidth is typically 10 MHz and is estab
lished by the output amplifier, the bandwidth of its X and Y 
interfaces and the multiplier core are typically in excess of 
40 MHz. Thus, provided that the desired output signal is less 
than 10 MHz, as would typically be the case in demodulation, 
the AD734 can be used with both its X and Y input signals as 
high as 40 MHz. One test of mixer performance is to linearly 
combine two closely spaced, equal-amplitude sinusoidal signals 
and then mix them with a third signal to determine the mixer's 
2-tone Third-Order Intermodulation Products. 

Figure 17. AD734 Mixer Test Circuit 

Figure 17 shows a test circuit for measuring the AD734's perfor
mance in this regard. In this test, two signals, at 10.05 MHz 
and 9.95 MHz are summed and applied to the AD734's X inter
face. A second 9 MHz signal is applied to the AD734's Y inter
face. The voltage at the U interface is set to 2 V to use the full 
dynamic range of the AD734. That is, by connecting the W and 
ZI pins together, grounding the Y2 and X2 pins, and setting 
U = 2 V, the overall transfer function is 

and W can be as high as 20 V p-p when Xl = 2 V p-p and 
YI = 10 V p-p. The 2 V p-p signal level corresponds to 

(14) 

+ 10 dBm into a 50 n input termination resistor connected from 
XI or YI to ground. 
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If the two XI inputs are at frequencies f1 and f2 and the fre
quency at the YI input is fo, then the two-tone third-order in
termodulation products should appear at frequencies 2f1 - f2 ± 
fo and 2f2 - f1 ± fo. Figures 18 and 19 show the output spectra 
of the AD734 with f1 = 9.95 MHz, f2 = 10.05 MHz, and 
fo = 9.00 MHz for a signa/level of f1 & f2 of 6 dBm and 
fo of + 24 dBm in Figure 18 and f1 & f2 of 0 dBm and 
fo of +24 dBm in Figure 19. This performance is without exter
nal trimming of the AD734's X and Y input-offset voltages. 

The possible Two Tone Intermodulation Products are at 2 x 
9.95 MHz - 10.05 MHz ± 9.00 MHz and 2 x 10.05 -
9.95 MHz ±9.00 MHz; of these only the third-order products at 
0.850 MHz and 1.150 MHz are within the 10 MHz bandwidth 
of the AD734; the desired output signals are at 0.950 MHz and 
1.050 MHz. Note that the difference (Figure 18) between the 
.desired outputs and third-order products is approximately 
78 dB, which corresponds to a computed third-order intercept 
point of +46 dBm. 

Figure 18. AD734 Third-Order Intermodulation Performance 
for f, = 9.95 MHz, f2 = 10.05 MHz, and fa = 9.00 MHz and 
for Signal Levels of f, & f2 of 6 dBm and fa of + 24 dBm. 
All Displayed Signal Levels Are Attenuated 20 dB by the 
10X Probe Used to Measure the MiJeer's Output 

Figure 19. AD734 Third-Order Intermodulation Performance 
for f, = 9.95 MHz, f2 = 10.05 MHz, and fa = 9.00 MHz and 
for Signal Levels of f, & f2 of 0 dBm and fa of +24 dBm. 
All Displayed Signal Levels Are Attenuated 20 dB by the 
10X Probe Used to Measure the Mixer's Output 
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Figure 23. CMRR vs. Frequency 

-20 

-40 

-60 

-so 

" 

I II I 
.isT ~~Ji = ~v R~ 
U=2V 

I I III I I I 

OTHEj 'iiI' = 2V DC 

1111 
XINPUT ~ 

YINPUT 

~ -
10k tOOk 1M 10M 

FREQUENCY - Hz 

Figure 26. THO vs. Frequency, 
U=2V 

REV. 0 

Typical Characteristics - AD734 

I 
1 ~ .. .... 

I 
It -.... 
2! 

-0. 1 

-2Y 

t±J .. I 
RLOAD=2kn 
CLQAD=2OpF 

I-.. 
r- ./ -

SIGNAL AMPLITUDE 

Figure 21. Differential Phase at 
3.58 MHz and RL = 2 kfJ 

, .. 
so 

YN 

r--. YP r-.... 

'" 
~ 

20 1-- '" 

2V 

• 1k 10k tOOk 1M 10M 

FREQUENCY - Hz 

Figure 24. PSRR vs. Frequency 

JJl 1 
-20 I II I 

I-
T~~" I I 
INPUT = 7V RMS 

-40 I- OTHER 
INPUT == tOY DC 
RLOAD=22kn 

X INPUT 
I-

~PUT -60 

~ 
V 

-60 

./ 

,. 10k tOOk 1M 

FREQUENCY - Hz 
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Figure 25. Feedthrough VS. Frequency 
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AD734-Typical Characteristics 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
DC to >500MHz Operation 
Differential ±1V Full Scale Inputs 
Differential ±4mA Full Scale Output Current 
Low Distortion (:50.05% for OdBm Input) 
Supply Voltages from ±4V to ±9V 
Low Power (280mW typical at Vs=±5V) 

APPLICATIONS 
High Speed Real Time Computation 
Wideband Modulation and Gain Control 
Signal Correlation and RF Power Measurement 
Voltage Controlled Filters and Oscillators 
Linear Keyers for High Resolution Television 
Wideband True RMS 

PRODUCT DESCRIPTION 
The AD834 is a monolithic laser· trimmed four-quadrant analog 
multiplier intended for use in high frequency applications, 
having a transconductance bandwidth (RL = 500) in excess of 
SOOMHz from either of the differential voltage inputs. In multi
plier modes, the typical total full scale error is 0.5%, dependent 
on the application mode and the external circuitry. Performance 
is relatively insensitive to temperature and supply variations, 
due to the use of stable biasing based on a bandgap reference 
generator and other design features. 

To preserve the full bandwidth potential of the high speed 
bipolar process used to fabricate the AD834, the outputs appear 
as a differential pair of currents at open collectors. To provide a 
single ended ground referenced voltage output, some form of 
external current to voltage conversion is needed. This may take 
the form of a wideband transformer, balun, or active circuitry 
such as an op amp. In some applications (such as power mea
surement) the subsequent signal processing may not need to 
have high bandwidth. 

The transfer function is accurately trimmed such that when 
X=Y=±IV, the differential output is ±4mA. This absolute 
calibration allows the outputs of two or more AD834s to be 
summed with precisely equal weighting, independent of the 
accuracy of the load circuit. 

The AD834J is specified for use over the commercial tempera
ture range of 0 to + 70°C and is available in an 8·pin plastic DIP 
package and an 8-pin plastic SOIC package. AD834A is avail
able in cerdip for operation over the industrial temperature 
range of -40°C to + 85°C. The AD834S/883B is specified for 
operation over the military temperature range of -55°C to 
+ 125°C and is available in the 8-pin cerdip package. S-Grade 
chips are also available. 
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500MHz Four-Quadrant Multiplier 
AD834 I 

FUNCTIONAL BLOCK DIAGRAM 

Y1 Y2 -v, W2 

Two application notes featuring the AD834 (AN-212 and 
AN-216) can now be obtained by calling 1-800-ANALOG-D. 
For additional applications circuits, consult the AD811 data 
sheet. 

PRODUCT HIGHLIGHTS 
I. The AD834 combines high static accuracy (low input and 

output offsets and accurate scale factor) with very high band
width. As a four-quadrant multiplier or squarer, the response 
extends from dc to an upper frequency limited mainly by 
packaging and external board layout considerations. A large 
signal bandwidth of over SOOMHz is attainable under opti
mum conditions. 

2. The AD834 can be used in many high speed nonlinear opera
tions, such as square rooting, analog division, vector addition 
and rms-to-dc conversion. In these modes, the bandwidth is 
limited by the external active components. 

3. Special design techniques result in low distortion levels (bet
ter than -60dB on either input) at high frequencies and low 
signal feedthrough (typically -6SdB up to 20MHz). 

4. The AD834 exhibits low differential phase error over the 
input range-typically 0.08° at SMHz and 0.8° at SOMHz. 
The large signal transient response is free from overshoot, 
and has an intrinsic rise time of SOOps, typically settling to 
within I % in under Sns. 

5. The nonloading, high impedance, differential inputs simplify 
the application of the AD834. 
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AD834-SPECIFICATIONS <TA=+25°C and ±Vs=±5V, unless otherwise noted; dBm assumes 500 load.) 
AD834J AD834A, S 

Model Conditions Min ::ryp Max Min Typ Max 
MULTIPLIER PERFORMANCE 

XY XY 
Transfer Function W = (IV), x 4rnA W = (IV)' x 4mA 

Total Errorl (F~ 6) -IV:5X,Y<+IV ±0.5 ±2 
vs. Temperature Tmin to T""", 
vs. Supplies2 ±4Vto ±6V 0.1 0.3 

Linesrity' ±0.5 ±1 
Bandwidth4 See Figure 5 500 500 
Feedthrough, X X=±IV, Y=Nulled 0.2 0.3 
Feedthrough, Y X=Nulled, Y=±IV 0.1 0.2 
AC Feedthrough, XS X=OdBm, Y=Nulled 

f=IOMHz -65 
f=IOOMHz -50 

AC Feedthrough, ys X=Nulled, Y=OdBm 
f=IOMHz -70 
f=IOOMHz -SO 

INPUTS (XI, X2, YI, Y2) 
Full ScsIe Range Differentisl ±I 
Clipping Level Differentisl ±1.1 ±1.3 ±1.1 
Input Resistance Differential 25 
Offset Voltage 0.5 3 

vs. Temperature Tmin to Tmax 10 
4 

vs. Supplies' ±4Vto ±6V 100 300 
Bias Current 45 
Common Mode Rejection f:5l00kHz; IV p-p 70 
N onlioearity, X Y=lV;X=±lV 0.2 0.5 
N onlioearity, Y X=IV; Y=±IV 0.1 0.3 
Distortion, X X=OdBm, Y=IV 

f=10MHz -60 
f=I00MHz -44 

Distortion, Y X=IV, Y=OdBM 
f=10MHz -65 
f=100MHz -50 

OUTPUTS (WI, W2) 
Zero Signal Current Each Output 8.5 
Differentisl Offset X=O, Y=O ±20 ±60 

vs. Temperature Tmin to .Tmax 40 

Scsling Current DifferentisI 3.96 4 4.04 3.96 
Output Compliance 4.75 9 4.75 

Noise SpectrsI Density f=10Hz to IMHz 16 
Outputs into 500 Load 

POWER SUPPLIES 
Operatiug Range ±4 ±9 ±4 
Quiescent Current" Tmm to Tmax 

+Vs 11 14 
-Vs 28 3S 

TEMPERATURE RANGE 
Operatiug, Rated Performance 

Commercial (0 to + 70"C) AD834J, JR-REEL 
Military (-55"C to + 125"C) 
Industrisl (-40"C to +85"C) 

PACKAGE OPTIONS' 
8-Pin sOle (R) AD834JR 
8-Pin Cerdip (Q) 
8-Pin Plastic DIP (N) AD834JN 

NOTES 
1 Error is defined as the maximum deviation from the ideal output, and expressed as a percentage of the full sCale output. 
2Both supplies taken simultaneously; sinusoidal input at f,;;lOkHz. 

±0.5 
±1.5 
0.1 
±0.5 

0.2 
0.1 

-65 
-SO 

-70 
-SO 

±I 
±1.3 
25 
0.5 
10 

100 
45 
70 
0.2 
0.1 

-60 
-44 

-65 
-SO 

8.5 
±20 
40 

4 

16 

11 
28 

AD834S 
AD834A 

AD834AQ 
AD834SQ/883B 

3Linearity is defined as residual error after compensating for input offset voltage, output offset current and scaling current errors. 
4Bandwidth is guaranteed when configured in squarer mode. See Figure 5. 
'Sine input; relative to full scale output; zero input port nulled; represents feedthrough of the fundaments!. 

±2 
±3 
0.3 
±1 

0.3 
0.2 

3 

4 
300 

0.5 
0.3 

±60 

±6O 
4.04 
9 

±9 

14 
3S 

Units 

%FS 
%FS 
%FSN 
%FS 
MHz 
%FS 
%FS 

dB 
dB 

dB 
dB 

V 
V 
kO 
mV 
",Vf'C 
mV 
",VN 
,.A 
dB 
%FS 
%FS 

dB 
dB 

dB 
dB 

rnA 
,.A 
nAl"C 
",A 
rnA 
V 

nVlvHZ 

V 

rnA 
rnA 

"Negative supply current is equsl to the sum of positive supply current, the signal currents into each output, WI and W2, and the input bias currents. 
'For outline information see Package Information section. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATiNGS l 

Supply Voltage (+Vs to -Vs) ................... ISV 
Internal Power Dissipation ................... SOOmW 
Input Voltages (Xl, X2, YI, Y2) ................. +Vs 
Operating Temperature Range 

ADS34J ........................... 0 to + 70°C 
ADS34A ....................... -40OC to +SsoC 
ADS34S/SS3B ................... -SsoC to + 12SoC 

Storage Temperature Range (Q) ......... -6SoC to + ISO°C 
Storage Temperature Range (R, N) ....... -6SoC to + 12SoC 
Lead Temperature, Soldering 60sec ............. + 3000C 

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

THERMAL CHARACTERISeS 

8-Pin Cerdip Package (Q) 
8-Pin Plastic SOIC (R) 
8-Pin Plastic Mini-DIP (N) 

aJe 

300CIW 
4SoCIW 
SOOCIW 

aJA 

llOOClW 
16Soc/w 
99OC/W 

ORDERING GUIDE 

Model 

AD834JN 
AD834JR 
AD834JR-REEL 
AD834AQ 
AD834SQ/883B 
AD834S Chips 

Temperature 
Range 

o to +70°C 
o to +70°C 
o to +70°C 
-40°C to +8Soe 
-SsoC to + 12Soe 

Package 
Option* 

N-8 
R-S 
R-8 
Q-S 
Q-8 
Chips 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC) Package. For 
outline information see Package Information section. 
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Yl 

CONNECTION DIAGRAM 

Small Outline (R) Package 
Plastic DIP (N) Package 

Cerdip (Q) Package 

AD834 

Y2 AD834 
TOP VIEW 

(Notto Scalel 

Xl 

-Vs +Vs 

Wl 

METALIZATION PHOTOGRAPH 

CHIP DIMENSIONS AND BONDING DIAGRAM 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

"-1 ~~"-X11 
I 0 .... 11 .. 7) 

~ I 
I~J~~ 1-6 +v. 

• 

/1-.---- 0 .... 11.37) -----tl 
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A0834-Typical Characteristics 
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Figure 1. Mean-Square Output 
vs. Frequency 

Figure 2. AC Feedthrough 
vs. Frequency 

Figure 3. Total Harmonic Distortion 
vs. Frequency 

Figure 1. Figure I is a plot of the mean-square output versus 
frequency for the test circuit of Figure 5. Note that the rising 
response is due to package resonances. 

Figure 2. For frequencies below IMHz, ac feed through is 
dominated by static nonlinearities in the transfer function and 
the finite offset voltages. The offset voltages cause a small frac
tion of the fundamental to appear at the output, and can be 
nulled out. 

Figure 3. THD data represented in Figure 3 is dominated by 
the second harmonic, and is generated with OdBm input on the 
ac input and + IV on the dc input. For a given amplitude on 
the ac input, THD is relati,vely insensitive to changes in the 
dc input amplitude. Varying the ac input amplitude while 
maintaining a constant dc input amplitUde will affect THD 
performance. 

Figure 4. Test Configuration for Measuring ac Feedthrough 
and Total Harmonic Distortion 

Figure 5. The squarer configuration shown in Figure 5 is used 
to determine wideband performance because it eliminates the 
need for (and the response uncertainties of) a wideband mea
surement device at the output. The wideband output of a 
squarer configuration is a fluctuating current at twice the input 
frequency with a mean value proportional to the square of the 
input amplitude. 
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By placing capacitors C3/CS and C4/C6 across load resistors Rl 
and R2, a simple low-pass filter is formed, and the mean-square 
value is extracted. The mean-square response can be measured 
using a DVM connected across Rl and R2. 

)( DENOTES A SHORT DIRECT CONNEcnON TO THE GROUND PLANE. 

Figure 5. Bandwidth Test Circuit 

+5V 

NOTES 
R1, RZ SHOULD BE PRECISION TYPf 
RESISTOR (.d.l%l. 
ABSOLUTE VAWE ERRORS Of A1, R2 WILL 
CAUSE A SCALE FACTOR ERROR. 
R1. R2 MISMATCHES WIll BE EXPRESSeD 
AS LINEARITY ERRORS. 

~r«;~li R~:.~~.:! A11. 

+15V 

Figure 6. Low Frequency Test Circuit 
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BASIC OPERATION 
Figure 7 is a functional equivalent of the AD834. There are 
three differential signal interfaces: the voltage inputs X = 
Xl-X2 and Y = Yl-Y2, and the current output, W (see Fig. 7) 
which flows in the direction shown when X and Yare positive. 
The outputs WI and W2 each have a standing current of typi
cally 8.5mA. 

VI V2 -v, W2 

Figure 7. AD834 Functional Block Diagram 

The input voltages are first converted to differential currents 
which drive the translinear core. The equivalent resistance of 
the voltage-to-current (V-I) converters is about 2850. This low 
value results in low input related noise and drift. However, the 
low full scale input voltage results in relatively high nonlinearity 
in the V-I converters. This is significantly reduced by the use of 
distortion cancellation circuits which operate by Kelvin sensing 
the voltages generated in the core - an important feature of the 
AD834. 

The current mode output of the core is amplified by a special 
cascode stage which provides a current gain of nominally x 1.6, 
trimmed during manufacture to set up the full scale output cur
rent of ±4mA. This output appears at a pair of open collec
tors which must be supplied with a voltage slightly above the 
voltage on Pin 6. As shown in Figure 8, this can be arranged by 
inserting a resistor in series with the supply to this pin and tak
ing the load resistors to the full supply. Witll R3 = 600, the 
voltage drop across it is about 600mV. Using two 500 load 
resistors, the full scale differential output voltage is ±400mV. 

The full bandwidth potential of the AD834 can only be realized 
when very careful attention is paid to grounding and de
coupling. The device must be mounted close to a high quality 
ground plane and all lead lengths must be extremely short, in 
keeping with UHF circuit layout practice. In fact, the AD834 
shows useful response to well beyond I GHz, and the actual 
upper frequency in a typical application will usually be deter· 
mined by the care with which the layout is effected. Note that 
R4 (in series with the -V s supply) carries about 30mA, and 
thus introduces a voltage drop of about 15OmV. It is made large 
enough to reduce the Q of the resonant circuit formed by the 
supply lead and the decoupling capacitor. Slightly larger values 
can be used, particularly when using higher supply voltages. 
Alternatively, lossy RF chokes or ferrite beads on the supply 
leads may be used. 

Figure 8 shows the use of optional termination resistors at the 
inputs. Note that although the resistive component of the input 

X·INPUT 
::!:1VFS 

Applying the AD834 
r-----+_--...... -<+5V 

01 
49.90 

02 
49.9B 

AD834 
W OUTPUT 
:!:400mV FS 

V·INPUT 
:!:1VFS 

I 

'i7 0' 
4.711 

~---------<-5V 

Figure 8. Basic Connections for Wideband Operation 

impedance is quite high (about 2skO), the input bias current 
of typically 4sflA can generate significant offset voltages if 
not compensated. For example, with a source and termination 
resistance of 500 (net source of 250) the offset would be 
250 x 45flA = 1.125mV. This can be almost fully cancelled 
by including (in this example) another 250 resistor in series 
with the "unused" input (in Figure 8, either XI or Y2). In 
order to minimize crosstalk the input pins closest to the out
put (X I and Y2) should be grounded; the effect is merely to 
reverse the phase of the X input and thus alter the polarity of 
the output. 

TRANSFER FUNCTION 
The output current W is the linear product of input voltages X 
and Y divided by (I vi and mUltiplied by the "scaling current" 
of4mA: 

XY 
W = (IV? 4mA 

Provided that it is understood that the inputs are specified in 
volts, a simplified expression can be used: 

W = (XY)4mA 

Alternatively, the full transfer function can be written: 

XY I 
W=iV' 2500 

When both inputs are driven to their clipping level of about 
1.3V, the peak output current is roughly doubled, to ±8mA, 
but distortion levels will then be very high. 

TRANSFORMER COUPLING 
In many high frequency applications where baseband operation 
is not required at either inputs or output, transformer coupling 
can be used. Figure 9 shows the use of a center-tapped output 
transformer, which provides the necessary de load condition at 
the outputs WI and W2, and is designed to match into the de
sired load impedance by appropriate choice of turns ratio. The 
specific choice of the transformer design will depend entirely on 
the application. Transformers may also be used at the inputs. 
Center-tapped transformers can reduce high frequency distortion 
and lower HF feedthrough by driving the inputs with balanced 
signals. 

ANALOG MUL TlPLIERSIDIVIDERS 2-71 

• 



X-INPUT 
:t1VFS 

V-INPUT 
:tWFS 

.. suu 

4.711 
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{E 
I 

t"t 

'----------<-.v 

Figure 9. Transformer-Coupled Output 

A particularly effective type of transformer is the balun 1 which 
is a short length of transmission line wound on to a toroidal fer
rite core. Figure 10 shows this arrangement used to convert the 
bal(anced) output to an un(balanced) one (hence the use of the 
term). Although the symbol used is identical to that for a trans
former, the mode of operation is quite different. In the ftrst 
place, the load should now be equal to the characteristic imped
ance of the line (although this will usually not be critical for 
short line lengths). The collector load resistors Rc may also be 
chosen to reverse terminate the line, but again this will only be 
necessary when an electrically long line is used. In most cases, 
Rc will be made as large as the dc conditions allow, to minimize 
power loss to the load. The line may be a miniature coaxial 
cable or a twisted pair. 

+.v , .... 

Figure 10. Using a Balun at the Output 

It is important to note that the upper bandwidth limit of the 
balun is determined only by the quality of the transmission line; 
hence, it will usually exceed that of the multiplier. This is 
unlike a conventional transformer where the signal is conveyed 
as a flux in a magnetic core and is limited by core losses and 
leakage inductance. The lower limit on bandwidth is determined 
by the series indUctance of the line, taken as a whole, and the 
load resistance (if the blocking capacitors C are sufficiently 
large). In practice, a balun can provide excellent differential
to-single-sided conversion over much wider bandwidths than a 
transformer. 

IFor a good treatment of baluns, see "Transmission Line Transformers" by 
Jerry Sevick; American Radio Relay League publication. 
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WIDEBAND MULTIPLIER CONNECTIONS 
Where operation down to dc and a ground based output are nec
essary, the conftguration shown in Figure 11 can be used. The 
element values were chosen in this el'ample to result in a full
scale output of ± 1 V at the load, so the overall multiplier trans" 
fer function is 

W = (XI-X2) (YI-Y2) 

where it is understood that the inputs and output are ;'1 volts. The 
polarity of the output can be reversed simply by reversing either 
the X or Y input. . 

X 
:!:1V 

r--~""--~---'-----'r---'+9V 

2.711 

'-__ ~~ ______ ~~ ______ ~ __ '--9V 

Figure 11. Wideband dc-Coupled Multiplier 

The op amp should be chosen to support the desired output 
bandwidth. The AD5539 is shown here, providing an overall 
system bandwidth of 100MHz. Many other choices are possible 
where lower post multiplication bandwidths are acceptable. The 
level shifting network places the input nodes ofthe op amp to 
within a few hundred millivolts of ground using the recom
mended balanced supplies. The output offset maybe nulled by 
including a lOOn trim pot between each of the lower pair of 
resistors (3.74kO) and the negative supply. 

The pulse response for this circuit shown in Figure 12; the X 
input was a pulse of 0 to + I V and the Y input was + I V dc. 
The transition times at the output are about 4ns. 

Figure 12. Pulse Response for the Circuit of Figure 11 
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POWER MEASUREMENT (MEAN SQUARE AND RMS) 
The AD834 is well suited to measurement of average power in 
high frequency applications, connected either as a multiplier for 
the determination of the VxI product, or as a squarer for use 
with a single input. In these applications, the multiplier is fol
lowed by a low pass filter to extract the long term average value. 
Where the bandwidth extends to several hundred megahertz, the 
first pole of this filter should be formed by grounded capacitors 
placed directly at the output pins WI and W2. This pole can be 
at a few kilohertz. The effective multiplication or squaring 
bandwidth is then limited solely by the AD834, since the follow
ing active circuitry is required to process only low frequency 
signals. 

(Refer to Figure 5 test configuration.) Using the device as a 
squarer the wide band output in response to a sinusoidal stimu
lus is a raised cosine: 

sin2wt = (I + cos 2wt) /2 

Recall here that the full scale output current (when full scale 
input voltages of I V are applied to both X and Y) is 4mA. In a 
son system, a sinusoid power of + 10dBm has a peak value of 
IV. Thus, at this drive level the peak output voltage across the 
differential son load in the absence of the filter capacitors 
would be 400mV (that is, 4mA xSOnx2), whereas the average 
value of the raised cosine is only 200m V. The averaging configu
ration is useful in evaluating the bandwidth of the AD834, since 
a dc voltage is easier to measure than a wideband, differential 
output. In fact, the squaring mode is an even more critical test 
than the direct measurement of the bandwidth of either channel 
taken independently (with a dc input on the nonsignal channel), 
because the phase relationship between the two channels also 
affects the average output. For example, a time delay difference 
of only 2S0ps between the X and Y channels would result in 
zero output when the input frequency is IGHz, at which fre
quency the phase angle is 90 degrees and the intrinsic product is 
now between a sine and cosine function, which has zero average 
value. 

The physical construction of the circuitry around the IC is criti
cal to realizing the bandwidth potential of the device. The input 
is supplied from an HP86S6A signal generator (lOOkHz to 
990MHz) via an SMA connector and terminated by an HP436A 
power meter using an HP8482A sensor head connected via a 
second SMA connector. Since neither the generator nor the sen
sor provide a dc path to ground, a lossy I~H inductor LI, 
formed by a 22-gauge wire passing through a ferrite bead (Fair
Rite type 2743001112) is included. This provides adequate 
impedance down to about 30MHz. The IC socket is mounted on 
a ground plane, with a clear area in the rectangle formed by the 
pins. This is important, since significant transformer action can 
arise if the pins pass through individual holes in the board; this 
has been seen to cause an oscillation at 1.3GHz in improperly 
constructed test jigs. The filter capacitors must be connected 
directly to the same point on the ground plane via the shortest 
possible leads. Parallel combinations of large and small capaci
tors are used to minimize the impedance over the full frequency 
range. (Refer to Figure I for mean-square response for the 
AD834 in cerdip package, using the configuration of Figure 5.) 

To provide a square-root response and thus generate the rms 
value at the output, a second AD834, also connected as a 
squarer, can be used, as shown in Figure 13. Note that an atten
uator is inserted both in the signal input and in the feedback 
path to the second AD834. This increases the maximum input 
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Applying the AD834 
capability to + ISdBm and improves the response flatness by 
damping some of the resonances. The overall gain is unity; that 
is, the output voltage is exactly equal to the rms value of the 
input signal. The offset potentiometer at the AD834 outputs 
extends the dynamic range, and is adjusted for a dc output of 
12S.7mV when a IMHz sinusoidal input at -SdBm is applied. 

Additional filtering is provided; the time constants were chosen 
to allow operation down to frequencies as low as 1kHz and to 
provide a critically damped envelope response, which settles typ
ically within 10ms for a full scale input (and proportionally 
slower for smaller inputs). The S~F and O.I~F capacitors may 
be scaled down to reduce response time if accurate rms opera
tion at low frequencies is not required. The output op amp must 
be specified to accept a common-mode input near its supply. 
Note that the output polarity may be inverted by replacing the 
NPN transistor with a PNP type. 

Figure 13. Connections for Wideband rms Measurement 

FREQUENCY DOUBLER 
Figure 14 shows another squaring application. In this case, the 
output filter has been removed and the wideband differential 
output is converted to a single sided signal using a "balun," 
which consists of a length of son coax cable fed through a fer
rite core (Fair-Rite type 2677006301). No attempt is made to 
reverse terminate the output. Higher load power could be 
achieved by replacing the son load resistors by ferrite bead 
inductors. The same precautions should be observed with regard 
to PC board layout as recommended above. The output spec
trum shown in Figure IS is for an input power of + 10dBm at a 
frequency of 200MHz. The second harmonic component at 
400MHz has an output power of -ISdBm. Some feedthrough of 
the fundamental occurs: it is 15dBs below the main output. It is 
believed that improvements in the design of the balun would 
reduce this feedthrough. A spurious output at 600MHz is also 
present, but it is 30dBs below the main output. At an input fre
quency of looMHz, the measured power level at 200MHz is 
-16dBm, while the fundamental feedthrough is reduced to 
2SdBs below the main output; at an output of 600MHz the 
power is -lldBm and the third harmonic at 900MHz is ·32dBs 
below the main output. 
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Figure 15. Output Spectrum for Configuration of Figure 14 

WIDEBAND THREE SIGNAL MULTIPLIERJDIVIDER 
Two AD834s and a wideband op amp can be connected to make 
a versatile multiplier/divider having the transfer function 

(XI-X2)(YI-Y2) 
W (UI-U2) +z 

with a denominator range of about 100: 1. The denominator 
input U = UI- U2 must be positive and in the range lOOmV to 
10V; X, Y and Z inputs may have either polarity. Figure 16 
shows a general configuration which may be simplified to suit a 
particular application. This circuit accepts full scale input volt
ages of IOV, and delivers a full scale output voltage of IOV. The 
optional offset trim at the output of the AD834 improves the 
accuracy for small denominator values. It is adjusted by nulling 
the output voltage when the X and Y inputs are zero and 
U=+IOOmV. 

The AD840 is internally compensated to be stable without the 
use of any additional HF compensation. As the input U is 
reduced, the bandwidth falls because the feedback around the 
op amp is proportional to the input U. 

This circuit may be modified in several ways. For example, if 
the differential input feature is not needed, the unused input 

2-74 ANALOG MUL TlPLIERS/D/VIDERS 

~,ov 

Figure 16. Wideband Three Signal Multiplier/Divider 

can be connected to ground through a single resistor, equal to 
the parallel sum of the resistors in the attenuator section. The 
full scale input levels on X, Y and U can be adapted to any full 
scale voltage down to ± I V by altering the attenuator ratios. 
Note, however, that precautions must be taken if the attenuator 
ratio from the output of A3 back to the second AD834 (A2) is 
lowered. First, the HF compensation limit of the AD840 may 
be exceeded if the negative feedback factor is too high. Second, 
if the attenuated output at the AD834 exceeds its clipping level 
of ± 1.3V, feedback control will be lost and the output will sud
denly jump to the supply rails. However, with these limitations 
understood, it will be possible to adapt the circuit to smaller full 
scale inputs andlor outputs, and for use with lower supply 
voltages. 
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Selection Guide 
Signal Compression Components 

Log 
Input Confonnity BW Package 

Model Range RTI kHz Optionsl 

755 I nA-1 rnA 0.5% 10 Module 

757 1 nA-1 rnA 0.5% 25 Module 
759 20 nA--O.2 rnA 1.0% 200 Module 
AD640 0.75 mV-200 mV ±0.6 dB 120 MHz 1,2,4,5 

*AD600 ±2V ±0.5 dB 30 MHz 2,6 

*AD602 ±2 V ±0.5 dB 30 MHz 2,6 

*AD606 -80 to +10 dBm (50 fi) ±I dB 50 MHz 2,6 

Temp 
Range2 

C,I,M 
C 
C 
I 

Page3 

3-47 
D 
3-47 
3-31 
3-7 
3-7 
3-25 

CommeEits 

Complete, Current and Voltage, 6 Decade, High Accuracy 
Complete, Log/Antilog Ratio, 6 Decade, High Accuracy 
Complete, Current and Voltage, 4 Decade, Lowest Cost 
120 MHz, 45 dB, DC Demodulating Logarithmic Amplifier 
Dual 0 til +40 dB Variable Gain Amplifier 
Dual -10 dB to +30 dB Variable Gain Amplifier 
50 MHz, 80 dB Demodulating Logarithmic Amplifier with Limiter Output 

lPackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOle" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; IO = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhennetic Ceramic! 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

2Temperature Ranges: C = Commercial, O°C to + 70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. 
3D = data sheet available. 
Boldface Type: Product recommended for new design. 
*New product. 



Orientation 
Signal Compression Components 

The devices described in this section span frequencies from dc 
to RF. Low frequency devices are the 755N and 755P modular 
logarithmic amplifiers, which provide an output voltage propor
tional to the logarithm or antilogarithm of the input voltage for 
signals from dc to well under IMHz. 

For higher levels of integration, the AD640, a monolithic de
modulating log amp, has five IOdB stages, each with a 350MHz 
small-signal bandwidth. The AD640 uses a successive detection 
scheme that produces a circuit proportional to the logarithm of 
the input voltage. The AD640 features an overall dc to 120MHz 
bandwidth along with a built-in attenuator and on-chip tempera
ture compensation, as well as calibrated slope and intercept. 
Two AD640s can be cascaded for dynamic ranges as large as 
95dB, depending on bandwidth. 

For still higher levels of integration, there is the AD606, a 
complete, 80dB monolithic logarithmic amplifier using a 9-stage 
"successive-detection" technique. It provides both logarithmic 
(usable to >50MHz) and limited (usable to lOOMHz) outputs. 
The logarithmic output is a voltage from a three-pole post
demodulation low-pass fllter. The limited output is a differential 
current from a pair of open-collector outputs. The AD606 operates 
from a single + 5V supply, consumes 65mW, and has a CMOS
compatible power-down input that reduces its power consumption 
to less than 50011-W within 511-s. 

The AD600 and AD602 are dual exponential amplifiers using 
Analog Devices' patented X_AMpTM technology. They are dual 
amplifiers offering 40dB of variable gain per amplifier (cascadable) 
with bandwidths of 30MHz and ultralow input noise spectral 
densities of 1.4nVI/Hz. The AD600 amplifier's gains vary from 
o to +4OdB while the AD602 amplifiers' gains vary from -IOdB 
to +30dB. 

LOGS AND LOG RATIOS 
In the logarithmic mode, the ideal output equation is 

Eo = -K 10glO {t} 
Eo can be positive or negative; it is zero when the ratio is unity, 
i.e., lin = Ire(. K is the output scale constant; it is equal to the 
number of output volts corresponding to a decade* change of 
the ratio. In the 755 and 759 log amplifiers, K is pin programmable 
to be either I V, 2V or 213V, or externally adjustable to any 
value ~213V; in the model 757 log-ratio amplifier, K may be 
either a preset value of I V or an arbitrary value adjustable by an 
external resistance ratio. 

*A decme is a 10:1 ratio, two decades is 100:1, etc. For example, if 
K = 2, and the ratio is 10, the IIlIIpIitude of the output would be 2V, 
and its polarity would depeDd OD whether the ratio were greater or 
less than UDity. If the input signal then changed by a factor of 1,000 
(3 decades), the output would change by 6V. 

X-AMP is a trademark of Analog Devices, Inc. 

lin is a unipolar input current within a 6-decade range (InA to 
lmA); it may be applied directly, as a current, or derived from 
an input voltage via an input resistor (in which case, the ratio 
becomes Em/(Ru,Ire() = EmIEret. In models 755 and 759, the 
magnitude of Ire( is internally fixed at 101J.A (Erer = O.IV) or 
externally adjusted. 

Each of the log amplifiers is available as a "P" or "N" option, 
depending on the polarity of the input voltage. Logarithms may • 
be computed only for positive arguments, therefore the reference 
current must be of appropriate polarity to make the ratio positive. 
"N" indicates that the input current (or voltage) for the log 
mode is positive; "P" indicates that only negati'lJe voltage or 
current may be applied in the log mode. The polarity of K also 
differs: K is positive for "N" versions and negative for "P" 
versions. Thus, + IOV applied to model 759N, with K = + IV, 
would produce an output voltage, Eo = -IV log (100) = -2V; 
on the other hand, -IOV applied to model 759P with K = IV, 
would produce an output voltage, Eo = -( -IV) log (100) 
= + 2V. The figure shows, in condensed form, the outputs of 
P and N log amps, with differing K values, for both voltage and 
current inputs, plotted on a semi-log scale. 

Log amplifiers in the log mode are useful for applications requiring 
cumpression of wide-range analog input data, linearization of 
transducers having exponential outputs and analog cumputing, 
ranging from simple translation of natural relationships in log 
form (e.g., computing absorbence as the log ratio of input cur
rents), to the use of logarithms in facilitating analog computation 
of terms involving arbitrary exponents and multiterm products 
and ratios. 

K =-2 

MODEL 755P 
-INPUT VDL TS 

• 

+5 

-5 

K=2 

MODEL 755N 
+INPUT VOLTS 

Log of Voltage 

Output vs. Input of Model 755N & 755P in Log Connection 
(Log Input Scales), Showing Voltages, and Polarity Relationships 
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ANTILOGS 
In the antilogarithmic (exponential) mode, the ideal output equation 
is 

Em can be positive or negative; when it is zero, Eo = Em. However, 
Eo is always of single polarity, positive for "N" versions, negative 
for "P" versions. Thus, for 759P, connected for K = -2V, if 
Em = +4V, and Em = -O.IV, then Eo = -O.IV·IO- 4/ - 2, or 
-lOY. If Em = -4V, then Eo = -O.IV·IO-( -4)1-2 = -lmV. 
The figure on the next page shows in condensed form, the 
outputs of P and N log amps, connected for antilogarithmic 
operation, with different K values. 

Antilog amplifiers are useful for applications requiring expansion 
of compressed data, linearization of transducers having logarithmic 
outputs, analog function fitting or function generation, to obtain 
relationships or generate curves having voltage-programmable 
rates of growth or decay, and in analog computing, for such 
functions as compound multiplication and division of terms 
having differing exponents. 

Eo (LOG) 

+4 
- ...... --1---1---1-- t---I--...... - ...... --I-•• v,. 

(LINEAR) 

Antilog Operator Response Curves, Semilog Scale 
Eo = EREF 10 VIN/-K 

LOG-ANTILOG AMPLIFIER PERFORMANCE 
Considerable information regarding log- and antilog-amplifIer 
circuit design, performance, selection and applications is to be 
found in the Nonlinear Circuits H andbookl. Several salient points 
will be covered here, and specifIcations will be defmed. 

A log/antilog amplifIer consists of an operational amplifier and 
an element with antilogarithmic transconductance (i.e., the 
voltage into the element produces a current that is an exponential 
function of the voltage). As the figure shows, for logarithmic 
operations, the input current is applied at the op-amp summing 
point, and the feedback circuit causes the amplifier output to 
produce whatever voltage is required to provide a feedback 
current that will exactly balance the input current. 

1 NOIIIiDear Cin:ait HamIbook, ADalog Devices, Inc., 1974, 1976, 
536pp, editecl by D. H. Sbeillgold, $5.95; send check or complete 
MasterCard data to P.O. Box 9106, Norwood, MA 02062-9106. 
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In antilog operation, the input voltage is applied directly to the 
input of the antilog element, producing an exponential input 
current to the op-amp circuit. The feedback resistance transduces 
it to an output voltage. 

The wide range of log/exponential behavior is made possible by 
the exponential current-voltage relationship of transistor base
emitter junctions, 

and V = (kT/q) In (1/10) 

where I is the collector current, 10 is the extrapolated current 
for V = 0, V is the base-emitter voltage, qlk (11,605 KIV) is 
the ratio of charge of an electron to Boltzmann's constant and T 
is junction temperature in kelvins. In log/antilog devices, two 
matched transistors are connected so as to subtract the junction 
voltages associated with the input and reference currents, making 
the ratio independent of lo's variation with temperature. 

a V = (kT/q) In (Im/lo) - (kT/q) In (I...A,) 

= (kT/qXln lin - In 1m) + (kT/qXln 10 - In 10) 

= (kT/q) In (liollm) 

The temperature dependence of gain is compensated for by a 
resistive attenuator that uses a temperature-sensitive resistor for 
compensation. The attenuator also produces amplification of K 
to the specified nominal values, e.g., from the basic 59mV/decade, 
(kTlq) IniO at room temperature, to IV/decade. 

755 

',.0--'-'t--1--_--1 
(SUMMING 
POINT) 

>----ir'--O OUT 

+15V COM -15V TRIM Eos 

a) Log/Antilog Amplifier Connected in the Log Mode (K = 1) 

v,. )
K=2 

K=1 

>--+'--.0 Eo 

765 

+15V COM -15V TRIM Eos 

b) Log/Antilog Amplifier Connected in the Exponential Mode 



Errors are introduced by the offset current of the amplifier (and 
the offset voltage) for voltage inputs; by inaccuracy of the reference 
current (or the effective reference voltage, for voltage inputs) in 
fIXed-reference devices; and by inaccuracy of setting K. Additional 
errors are introduced by drift of these parameters with temperature. 
At any temperature, if these parameters are nulled out, there 
remains a final irreducible difference between the actual output 
and the theoretical output, called Iog-c/J1lformily error, which is 
manifested as a "nonlinearity" of the input-output plot on semilog 
coordinates. Best log conformity is rea1ized away from the ex
tremities of the rated signal range. For example, log-conformity 
error of model 755 is ± 1% maximum, referred to the input, 
over the entire 6-decade range from InA to lmA; but it is only 
± 0.5% maximum over the 4-decade range from 10nA to lOO,...A. 
A plot of log conformity error for model 759 is shown below. 

Errors occurring at the input, and log-conformity errors, can 
only be observed at the output, but it is useful to refer them to 
the input CRTI). Equal percentage errors at the input, at whatever 
input level, produce equal incremental errors at the output, for 
a given value of K. For example, if K = I, and the RTI log
conformity error is + 1%, the magnitude of the output error 
Will be 

Error = Actual output - ideal output 

IV·log (1.01 l/lrer) - IV·log (I1Irer) 

= IV·log 1.01 = 0.0043V =4.3mV 
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Log Conformity Error for Models 759N and 759P 

If, in this example, the input range happens to be 5 decades, 
the corresponding output range will be 5 volts, and the 4.3m V 
log-conformity error, as a percentage of total output range, will 
be less than 0.1%. Because this ambiguity can prove confusing 
to the user, it is important that a manufacturer specify whether 
the error is referred to the input or the output. The table below 
indicates the conversion between RTI percentage and output 
error-maguitudes, for various percent errors, and various values 
ofK. 

LOG OUTPUT ERROR (mV) 

%ERRORRTI K=IV K=2V K=(2/3)V 

0.1 0.43 0.86 0.28 
0.5 2.2 4.3 1.4 
1.0 4.3 8.6 2.9 
2.0 8.6 17 5.7 
3.0 13 26 8.6 
4.0 17 34 11 
5.0 21 42 14 

10.0 41 83 28 

For antilog operations, input and output errors are 
interchanged. 

To arrive at the total error, an error budget should be made up, 
taking into account each of the error sources, and its contribution 
to the total error, over the temperature range of interest. 

Dynamic response of log amps is a function of the input level. 
Small-signa1 bandwidths of ac input signals biased at currents 
above I,...A tend to be roughly comparable. However, below 
I,...A, bandwidth tends to be in rough proportion to current 
level. Similarly, rise time depends on step magnitude and direc
tion - step changes in the direction of increasing current are 
responded to more quickly than step decreases of current. 

DEFINmONS OF SPECIFICATIONS 
Log-C/J1Iformity Error: When the parameters have been adjusted 
to compensate for offset, scale-factor and reference errors, the 
Iog-c/J1lformily error is the deviation of the resulting function from 
a straight line on a semilog plot over the range of interest. 

Offset Current (I.,.) is the bias current of the amplifier, plus any 
stray leakage currents. This parameter can be a significant source 
of error when processing signals in the nanoampere region. Its 
contribution in antilog operation is negligible. 

Offset Voltage (Eo.) depends on the operational amplifier used 
for the log operation. Its effect is that of a sma11 voltage in 
series with the input resistor. For current-logging operations, 
with high-impedance sources, its error contribution is negligible. 
However, for voltage logging, it modifies the value ofVin. Though 
it can be adjusted to zero at room temperature, its drift over the 
temperature range should be considered. In antilog operation, 
Eo. appears at the output as an essentially constant voltage; its 
percentage effect on error is greatest for small outputs. 

Reference Current CIref) is the effective interna1ly-generated current
source output to which all values of input current are compared. 
lref tolerance appears as a dc offset at the output; it can be adjusted 
towards zero by adjusting the reference current, adding a voltage 
to the output by injecting a current into the scale-factor attenuator 
or simply by adding a constant bias at the output's destination. 

Reference Voltage (Erer) is the effective internally generated voltage 
to which all input voltages are compared. It is related to lref by 
the equation: Eref = lrerRin' where Rin is the value of input 
resistance. Typically, lref is less stable than Rin; therefore, 
practically all the tolerance is due to lref. 

SIGNAL COMPRESSION COMPONENTS 3-5 

• 



Scale Factor (K) is the voltage change at the output for a decade 
(i.e., 10:1) change at the input, when connected in the log mode. 
Error in scale factor is equivalent to a change in gain, or slope 
(on a semilog plot), and is specified in percent of the nominal 
value. 

EXPONENTIAL AMPLIFIERS 
Another way to achieve signal compression is to vary the gain of 
an amplifier as the dynamic range of the signal changes. To 
achieve this, Analog Devices uses its patented X-AMP technology 
to build precision exponential amplifiers. These amplifiers have a 
linear-ta-dB relationship between the applied control voltage 
and the resulting open loop gain. These amplifiers provide fast
slewing, wide-dynamic-range variable gain. Typically they are 
employed as fast-response automatic gain control (AGe) elements 
or to provide time gain control (TGe) in applications such as 
medical ultrasound or sonar. 

The first products in this line are the AD600 and the AD602. 
These parts offer bandwidths of 30MHz and ultra10w input 
noise spectral densities of 1.4nV/jHz in addition to 80dB of 
variable gain in a single package. Variable gain is actually achieved 
by providing a variable attenuation stage followed by a fixed gain 
stage. In this way, only linear elements are in the variable portion 
of the signal path, and the frequency response remains constant 
with gain. 
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DEFINITIONS OF SPECIFICATIONS 
Gain Sealing Factor (dBN) is the ratio of the change in gain of 
the amplifier in response to a change in control voltage. 

Gain Error (dB): When the parameters have been adjusted to 
compensate for offset errors, the gain error is the maximum 
deviation from the gain predicted by the gain scaling factor 
across the range of interest. 

Input Noise Spectral Density (nVljHz) is the vector sum of all 
voltage and current noise sources referred to the input. 

Response Rate (dB/ ~s) is a measure of how fast the amplifier 
gain can be changed across its full gain range in response to a 
step change in the control voltage. 



IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two Channels with Independent Gain Control 

"Linear in dB" Gain Response 
Two Gain Ranges: 

AD600: 0 dB to +40 dB 
AD602: -10 dB to +30 dB 

Accurate Absolute Gain: ±0.3 dB 
Low Input Noise: 1.4 nVIVHz 
Low Distortion: -60 dBc THO at ±1 V Output 
High Bandwidth: DC to 35 MHz (-3 dB) 
Stable Group Delay: ±2 ns 
Low Power: 125 mW (max) per Amplifier 
Signal Gating Function for Each Amplifier 
Drives High Speed AID Converters 

APPLICATIONS 
Ultrasound and Sonar Time-Gain Control 
High Performance Audio and RF AGC Systems 
Signal Measurement 

PRODUCT DESCRIPTION 
The AD600 and AD602 dual channel, low noise variable gain 
amplifiers are optimized for use in ultrasound imaging systems, 
but are applicable to any application requiring very precise gain, 
low noise and distortion, and wide bandwidth. Each indepen
dent channel provides a gain of 0 to +40 dB in the AD600 and 
-10 dB to + 30 dB in the AD602. The lower gain of the AD602 
results in an improved signal-to-noise ratio at the output. How
ever, both products have the same 1.4 n VlylHz input noise 
spectral density. The decibel gain is directly proportional to 
the control voltage, is accurately calibrated, and is supply- and 
temperamre-stable. 

To achieve the difficult performance objectives, a proprietary 
circuit form-the X-AMP'"-has been developed. Each channel 
of the X-AMP comprises a variable attenuator of 0 dB to 
-42.14 dB followed by a high speed fixed gain amplifier. In this 
way, the amplifier never has to cope with large inputs, and can 
benefit from the use of negative feedback to precisely define the 
gain and dynamics. The attenuator is realized as a seven-stage 
R-2R ladder network having an input resistance of 100 n, laser
trimmed to ±2%. The attenuation between tap points is 6.02 dB; 
the gain-control circuit provides continuous interpolation be
tween these taps. The resulting control function is linear in dB. 

X-AMP is a trademark of Analog Devices, Inc. 
*Patent pending. 
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Dual, Low Noise, Wideband 
Variable Gain Amplifiers 

AD600/AD602* I 
FUNCTIONAL BLOCK DIAGRAM 

PRECISION PASSIVE 

INPUT ATTENUATOR 

2.24kQ(AD6OO) 
694S~(AD602) 

.F> 
'''' 

FIXED GAIN 

AMPLIFIER 
41.07dB(AD600) 
31.(17dB(AD602j 

The gain-control interfaces are fully differential, providing an 
input resistance of -15 Mn and a scale factor of 32 dBN (that 
is, 31.25 mVldB) defined by an internal voltage reference. The 
response time of this interface is less than 1 ILS. Each channel 
also has an independent gating facility that optionally blocks 
signal transmission and sets the dc output level to within a few 
millivolts of the output ground. The gating control input is 
TTL and CMOS compatible. 

The maximum gain of the AD600 is 41.07 dB, and that of the 
AD602 is 31.07 dB; the -3 dB bandwidth of both models is 
nominally 35 MHz, essentially independent of the gain. The 
signal-to-noise ratio (SNR) for a 1 V rms output and a 1 MHz 
noise bandwidth is typically 76 dB for the AD600 and 86 dB for 
the AD602. The amplitude response is flat within ±0.5 dB from 
100 kHz to 10 MHz; over this frequency range the group delay 
varies by less than ±2 ns at all gain settings. 

Each amplifier channel can drive 100 n load impedances with 
low distortion. For example, the peak specified output is 
±2.5 V minimum into a 500 n load, or ± 1 V into a 100 n load. 
For a 200 n load in shunt with 5 pF, the total harmonic distor
tion for a ± I V sinusoidal output at 10 MHz is typically 
-60 dBc. 

The AD600 and AD602 are available in either a 16-pin plastic 
DIP or 16-pin SOIC, and are guaranteed for operation over the 
commercial temperature range of O°C to + 70°C. 
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A0600 IA0602 SPECIFICA'TIONS (Each amplifier section, at TA = +25°C, Vs = ±5 V, -625 ,!,V. s 
1ft -. ." Va S +625 mV, RL = 500 n, and CL = 5 pF, unless otherwise 

noted. Specifications for AD600 and AD602 are identical unless otherwise noted.) 

AD6OOj/AD602j 
Parameter Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Input Resistance Pins 2 to 3; Pins 6 to 7 98 100 102 0 
Input Capacitance 2 pF 
Input Noise Spectral Densityl 1.4 nV/yHz 
Noise Figure Rs = 50 n, Maximum Gain 5.3 dB 

Rs = 200 n, Maximum Gain 2 dB 
Common-Mode Rejection Ratio f = 100kHz 30 dB 

OUTPUT CHARACTERISTICS 
- 3 dB Bandwidth VOUT = 100 mVrms 35 MHz 
Slew Rate 275 V/",s 
Peak Output' RL 2: 500 0 ±2.5 ±3 V 
Output Impedance f:=; 10 MHz 2 0 
Output Short -Circuit Current 50 mA 
Group Delay Change vs. Gain f = 3 MHz; Full Gain Range ±2 ns 
Group Delay Change vs. Frequency VG = 0 V; f = 1 to 10 MHz ±2 ns 
Total Harmonic Distortion RL = 200 n, VOUT = ±1 V peak, Rpd = 1 kO -60 dBc 

ACCURACY 
AD600 

Gain Error o dB to 3 dB Gain 0 +0.5 +1 dB 
3 dB to 37 dB Gain -0.5 ±0.2 +0.5 dB 
37 dB to 40 dB Gain -1 -0.5 0 dB 

Maximum Output Offset Voltage3 VG = -625 mV to +625 mV 10 50 mV 
Output Offset Variation VG = -625 mV to +625 mV 10 50 mV 

AD602 
Gain Error -10 dB to -7 dB Gain 0 0.5 +1 dB 

-7 dB to 27 dB Gain -0.5 ±0.2 +0.5 dB 
27 dB to 30 dB Gain -1 -0.5 0 dB 

Maximum Output Offset Voltage3 VG = -625 mV to +625 mV 5 30 mV 
Output Offset Variation V G = -625 mV to +625 mV 5 30 mV 

GAIN CONTROL INTERFACE 
Gain Scaling Factor 3 to 37 dB (AD600); -7 to 27 dB (AD602) 31.7 32 32.3 dBN 
Common-Mode Range -0.75 2.5 V 
Input Bias Current 0.35 1 ",A 
Input Offset Current 10 50 nA 
Differential Input Resistance Pins 1 to 16; Pins 8 to 9 15 Mn 
Response Rate Full 40 dB Gain Change 40 dB/",s 

SIGNAL GATING INTERFACE 
Logic Input "LO" (Output ON) 0.8 V 
Logic Input "HI" (Output OFF) 2.4 V 
Response Time ON to OFF, OFF to ON 0.3 ",s 
Input Resistance Pin 4 to 3; Pin 5 to 6 30 kO 
Output Gated OFF 

Output Offset Voltage ±10 ±100 mV 
Output Noise SpecttaI Density 65 nV/\lHz 
Signal Feedthrough @ 1 MHz 

AD600 -80 dB 
AD602 -70 dB 

POWER SUPPLY 
Specified Operating Range ±4.75 ±5.25 V 
Quiescent Current 22 25 rnA 

NOTES 
ITypical open or short-circuited input; noise is lower when system. is set to maximum gain and input is short-circuited. This figure includes the effects of both 
voltage and current noise sources. 

2Using resistive loads of 500 n or greater, or with the addition of a 1 kfl pull-down resistor when driving lower loads. 
'The dc gain of the main amplifier in the AD600 is X1I3; thus an input offset of only 100 .,.V becomes an 11.3 mV output offset. In the AD602, the amplifier's 
gain is X35.7; thus, an input offset of 100 .,.V becomes a 3.57 mV output offset. 

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

Specifications subject to change without notice. 
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AD600/AD602 
ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage ±Vs ....................... ±7.5 V 
Input Voltages 

Pins I, 8, 9, 16 ........................... ±Vs 
Pins 2, 3, 6, 7 ................... ±2 V Continuous 

..................... ±Vs for 10 ms 
Pins 4, 5 ............................... ±Vs 

Internal Power Dissipation .................. 600 mW 
Operating Temperature Range ............. O°C to + 70°C 

Model 

AD600JN 
AD600JR 
AD602JN 
AD602JR 

ORDERING GUIDE 

Gain Temperature Package 
Range Range Option* 

o dB to +40 dB O°C to +70°C N-16 
o dB to +40 dB O°C to +70°C R-16 
-10 dB to +30 dB O°C to +70°C N-16 
-10 dB to +30 dB O°C to +70°C R-16 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature, Soldering 60 sec ............ + 300°C 

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

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

l6-Pin Plastic Package: aJA = 8S0 ClWatt 
l6-Pin SOIC Package: aJA = IOO°ClWatt 

CAUTION ______________________________________________ __ 

ESD (electrostatic discharge) sensitive device. Permanent damage may occur on unconnected 
devices subject to high energy electrostatic fields. Unused devices must be stored in conductive 
foam or shunts. The protective foam should be discharged to the destination socket before devices 
are removed. 

PIN DESCRIPTIONS CONNECTION DIAGRAM 

Pin Function Description 16-Pin Plastic DIP (N) Package 
Pin I CILO CHI Gain-Control Input "LO" (Positive 16-Pin Plastic SOIC (R) Package 

Voltage Reduces CHI Gain). 
Pin 2 AlHI CHI Signal Input "HI" (Positive Voltage 

Increases CHI Output). C1HI 

Pin 3 AILO CHI Signal Input "LO" (Usually Taken to A1CM 

CHI Input Ground). 
Al0P 

Pin 4 GAT! CHI Gating Input (A Logic "HI" Shuts Off 
CHI Signal Path). vpos 

Pin 5 GAT2 CH2 Gating Input (A Logic "HI" Shuts Off VNEG 

CH2 Signal Path). A20p 

Pin 6 A2LO CH2 Signal Input "LO" (Usually Taken to A2CM 
CH2 Input Ground). 

Pin 7 A2HI CH2 Signal Input "HI" (Positive Voltage 
Increases CH2 Output). 

Pin 8 C2LO CH2 Gain-Control Input "LO" (Positive 
Voltage Reduces CH2 Gain). 

Pin 9 CZHI CH2 Gain-Control Input "HI" (Positive 
Voltage Increases CH2 Gain). 

Pin 10 A2CM CH2 Common (Usually Taken to CH2 
Output Ground). 

Pin 11 A20P CH2 Output. 
Pin 12 VNEG Negative Supply for Both Amplifiers. 

Pin 13 VPOS Positive Supply for Both Amplifiers. 
Pin 14 AIOP CHI Output. 
Pin 15 AICM CHI Common (Usually Taken to CHI 

Output Ground). 
Pin 16 CIHI CHI Gain-Control Input "HI" (Positive 

Voltage Increases CHI Gain). 
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AD600/AD602 
THEORY OF OPERATION 
The AD600 and AD602 have the same general design and fea
tures. They comprise two ftxed gain amplifters, each preceded 
by a voltage-controlled attenuator of 0 dB to 42.14 dB with 
independent control interfaces, each having a scaling factor of 
32 dB per volt. The gain of each ampliller in the AD600 is laser 
trimmed to 41.07 dB (XI13), thus providing a control range of 
-1.07 dB to 41.07 dB (0 dB to 40 dB with overlap), while the 
AD602 amplillers have a gain of 31.07 dB (X35.8) and provide 
an overall gain of -11.07 dB to 31.07 dB (-10 dB to 30 dB " 
with overlap). 

The advantage of this topology is that the amplifter can use neg
ative feedback to increase the accuracy of its gain; also, since the 
ampliller never has to handle large signals at its input, the dis
tortion can be very low. A further feature of this approach is 
that the small-signal gain and phase response, and thus the pulse 
response, are essentially independent of gain. 

The following discussion describes the AD600. Figure 1 is a 
simplilled schematic of one channel. The input attenuator is a 
seven-section R-2R ladder network, using untrimmed resistors 
of nominally R = 62.5 n, which results in a characteristic resis
tance of 125 n ±20%. A shunt resistor is included at the input 
and laser trimmed to establish a more exact input resistance of 
100 n ±2%, which ensures accurate operation (gain and HP 
corner frequency) when used in conjunction with external resis
tors or capacitors. 

C1HI 

eM 

"" 2.24ku(AD6OO) --"" "'" 
FIXED GAIN 

O>-< ......... --+--+.-....... - ..... -+--I--f-" AMPLIFIER 
41.G7dB(AD6OD) 
3U17dB(AD602) 

Figure 1. Simplified i/ock Diagram of Single Channel 
of the AD600 and AD602 

The nominal maximum signal at input AIHI is 1 V rms 
(±1.4 V peak) when using the recommended ±5 V supplies, 
although operation to ± 2 V peak is permissible with some 
increase in HF distortion and feedthrough. Each attenuator is 
provided with a separate signal "LO" connection, for use in 
rejecting common-mode, the voltage between input and output 
grounds. Circuitry is included to provide rejection of up to 
±100mV. 

The signal applied at the input of the ladder network is attenu
ated by 6.02 dB by each section; thus, the attenuation to each of 
the taps is progressively 0, 6.02, 12.04, 18.06, 24.08, 30.1, 36.12 
and 42.14 dB. A unique circuit technique is employed to inter
polate between these tap points, indicated by the "slider" in 
Figure 1, providing continuous attenuation from 0 dB to 42.14 dB. 
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It will help, in understanding the AD600, to think in terms of a 
mechauical means for moving this slider from left to right; in 
fact, it is voltage controlled. The details of the control interface 
are discussed later. Note that the gain is at all times exactly 
determined, and a linear decibel relationship is automatically 
guaranteed between the gain and the control parameter which 
determines the position of the slider. In practice, the gain devi
ates from the ideal law, by about ±0.2 dB peak (see, for exam
ple, Figure 6). 

Note that the signal inputs are not fully differential: AILO and 
AICM (for CHI) and A2LO and A2CM (for CH2) provide sepa
rate access to the input and output grounds. This recognizes the 
practical fact that even when using a ground plane, small differ
ences will arise in the voltages at these nodes. It is important 
that AILO and A2LO be connected directly to the input 
ground(s); signillcant impedance in these connections will 
reduce the gain accuracy. AICM and A2CM should be con
nected to the load ground( s). 

Noise Perfonnance 
An important reason for using this approach is the superior 
noise performance that can be achieved. The nominal resistance 
seen at the inner tap points of the attenuator is 41. 7 n (one 
third of 125 0), which exhibits a Johnson noise specttal density 
(NSD) of 0.84 nV/\lHz (that is, yl4kTR) at 27°C, which is a 
large fraction of the total input noise. The ftrst stage of the 
amplifter contributes a further 1.12 n V l\lHz, for a total input 
noise of 1.4 nV/ylHz. 

The noise at the 0 dB tap depends on whether the input is 
short-circuited or open-circuited: when shorted, the minimum 
NSD of 1.12 nV/\lHz is achieved; when open, the resistance of 
100 n at the ftrst tap generates 1.29 nV/\IHz, so the noise in
creases to a total of 1. 71 n V l\lHz. (This last calculation would 
be important if the AD600 were preceded, for example, by a 
900 n resistor to allow operation from inputs up to ± 10 V rms. 
However, in most cases the low impedance of the source will 
limit the maximum noise resistance.) 

It will be apparent from the foregoing that it is essential to use a 
low resistance in the design of the ladder network to achieve low 
noise. In some applications this may be inconvenient, requiring 
the use of an external buffer or preamplifter. However, very few 
amplifters combine the needed low noise with low distortion at 
maximum input levels, and the power consumption needed to 
achieve this performance is fundamentally required to be quite 
high (due to the need to maintain very low resistance values 
while also coping with large inputs). On the other hand, there is 
little value in providing a buffer with high input impedance, 
since the usual reason for this-the minimization of loading of a 
high resistance source-is not compatible with low noise. 

Apart from the small variations just discussed, the signal-to
noise (SIN) ratio at the output is essentially independent of the 
attenuator setting, since the maximum undistorted output is 1 V 
rms and the NSD at the output of the AD600 is ftxed at 113 
times 1.4 nV\lHz, or 158 nV/ylHz. Thus, in a 1 MHz band
width, the output SIN ratio would be 76 dB. The input NSD of 
the AD600 and AD602 are the same, but because of the 10 dB 
lower gain in the AD602's ftxed amplifter, its output SIN ratio 
is 10 dB better, or 86 dB in a 1 MHz bandwidth. 
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The Gain-Control Interface 
The attenuation is controlled through a differential, high imped
ance (15 MO) input, with a scaling factor which is laser 
trimmed to 32 dB per volt, that is, 31.25 mY/dB. Each of the 
two amplifiers has its own control interface. An internal band
gap reference ensures stability of the scaling with respect to 
supply and temperature variations, and is the only circuitry 
common to both channels. 

When the differential input voltage V G = 0 V, the attenuator 
"slider" is centered, providing an attenuation of 21.07 dB, thus 
resulting in an overall gain of20 dB(= -21.07 dB + 41.07 dB). 
When the control input is -625 mY, the gain is lowered by 
20 dB (= 0.625 x 32), to 0 dB; when set to +625 mY, the gain 
is increased by 20 dB, to 40 dB. When this interface is over
driven in either direction, the gain approaches either -1.07 dB 
(= -42.14 dB + 41.07 dB) or 41.07 dB ( = 0 + 41.07 dB), 
respectively. 

The gain of the AD600 can thus be calculated using the follow
ing simple expression: 

Gain (dB) = 32 VG + 20 (I) 

where V G is in volts. For the AD602, the expression is: 

Gain (dB) = 32 VG + 10 (2) 

Operation is specified for V G in the range from -625 mV dc to 
+625 mV dc. The high impedance gain-control input ensures 
minimal loading when driving many amplifiers in multiple
channel applications. The differential input configuration pro
vides flexibility in choosing the appropriate signal levels and 
polarities for various control schemes. 

For example, the gain-control input can be fed differentially to 
the inputs, or single-ended by simply grounding the unused 
input. In another example, if the gain is to be controlled by a 
DAC providing a positive only ground referenced output, the 
"Gain Control LO" pin (either CILO or C2LO) should be 
biased to a fixed offset of + 625 m V, to set the gain to 0 dB 
when "Gain Control HI" (CIHI or C2HI) is at zero, and to 
40 dB when at + 1.25 V. 

It is a simple matter to include a voltage divider to achieve other 
scaling factors. When using an 8-bit DAC having a FS output 
of +2.55 V (10 mVlbit) a divider ratio of 1.6 (generating 
6.25 mVlbit) would result in a gain setting resolution of 0.2 dB/ 
bit. Later, we will discuss how the two sections of an AD600 or 
AD602 may be cascaded, when various options exist for gain 
control. 

Signal-Gating Inputs 
Each amplifier section of the AD600 and AD602 is equipped 
with a signal gating function, controlled by a TTL or CMOS 
logic input (GATI or GAT2). The ground references for these 
inputs are the signal input grounds AILO and A2LO, respec
tively. Opemtion of the channel is unaffected when this input is 
LO or left open-circuited. Signal transmission is blocked when 
this input is HI. The dc output level of the channel is set to 
within a few millivolts of the output ground (AICM or A2CM), 
and simultaneously the noise level drops significantly. The 
reduction in noise and spurious signal feedthrough is useful in 
ultrasound beam-forming applications, where many amplifier 
outputs are summed. 
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AD600/AD602 
Common-Mode Rejection 
A special circuit technique is used to provide rejection of volt
ages appearing between input grounds (AILO and A2LO) and 
output grounds (AICM and A2CM). This is necessary because 
of the "op amp" form of the amplifier, as shown in Figure I. 
The feedback voltage is developed across the resistor RFI 
(which, to achieve low noise, has a value of only 20 0). The 
voltage developed across this resistor is referenced to the input 
common, so the output voltage is also referred to that node. 

To provide rejection of this common voltage, an auxiliary ampli-
fier (not shown) is included, which senses the voltage difference • 
between input and output commons and cancels this error com-
ponent. Thus, for zero differential signal input between AIHI 
and AILO, the output AlOP simply follows the voltage at 
AlCM. Note that the range of voltage differences which can 
exist between AILO and AlCM (or A2LO and AlCM) is lim-
ited to about ±100 mY. Figure 50 (one of the typical perfor-
mance curves at the end of this data sheet) shows typical 
common-mode rejection ratio versus frequency. 

ACmEVING 80 dB GAIN RANGE 
The two amplifier sections of the X-AMP can be connected in 
series to achieve higher gain. In this mode, the output of Al 
(AIOP and AICM) drives the input of A2 via a high-pass net
work (usually just a capacitor) that rejects the dc offset. The 
nominal gain range is now - 2 dB to + 82 dB for the AD600 or 
-22 dB to +62 dB for the AD602. 

There are several options in connecting the gain-control inputs. 
The choice depends on the desired signal-to-noise ratio (SNR) 
and gain error (output ripple). The following examples feature 
the AD600; the arguments generally apply to the AD602, with 
appropriate changes to the gain values. 

Sequential Mode (Maximum SIN Ratio) 
In the sequential mode of operation, the SNR is maintained at 
its highest level for as much of the gain control range possible, 
as shown in Figure 2. Note here that the gain mnge is 0 dB to 
80 dB. Figure 3 shows the general connections to accomplish 
this. Both gain-control inputs, CIHI and C2HI, are driven in 
parallel by a positive only, ground referenced source with a 
range of 0 V to +2.5 V. 
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Figure 2. SIN Ratio vs. Control Voltage Sequential 
Control (1 MHz Bandwidth) 
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AD600/AD602 

INPUT 
OdB 

.. A1 

_.OOdB 

• .. A2 II 

-41.oidB 
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INPUT 
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40dB 

Vc = 1.25V ____ .... ____ .:..:... ____________________ ---J 

INPUT 
OdB 

b. 

41.07dB 
OUTPUT 

SOdB 

~=2~----... ----.:..:...-------------C.--------~ 
Figure 3. AD600 Gain Control Input Calculations for Sequential Control Operation 

The gains are offset (Figure 4) such that A2's gain is increased 
only after AI's gain has reached its maximum value. Note that 
for a differential input of -700 m V or less, the gain of a single 
amplifier (AI or A2) will be at its minimum value of -1.07 dB; 
for a differential input of + 700 m V or more, the gain will be at 
its maximum value of 41.07 dB. Control inpUts beyond these 
limits will not affect the gain and can be tolerated without dam
age or foldover in the response. See the Specifications Section of 
this data sheet for more details on the allowable voltage range. 
The gain is now 

Gain (dB) = 32 Vc 

where V c is the applied control voltage. 

___ ~1:.O!.d! ________ _ :Q.o_---

20dB 

+1.07d8 

GAIN 
(dB) 

...,2.14 20 
1.25 
40 

1.908 
1.875 

60 

'GAIN OFFSET OF 1.07dB, OR 33.44mV 

+38.93dB 

-1.07dB 

2.5 Vc (V) 
80 82.14 

(3) 

Figure 4. Explanation of Offset Calibration for Sequential 
Control 
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When V c is set to zero, V Gl = -0.592 V and the gain of Al is 
+ 1.07 dB (recall that the gain of each amplifier section is 0 dB 
for V G = -625 mY); meanwhile, V G2 = -1.908 V so the gain 
of A2 is -1.07 dB. The overall gain is thus 0 dB (see Figure 
3a). When Vc = + 1.25 V, VGl = 1.25 V - 0.592 V = 
+0.658 V, which sets the gain of Al to 40.56 dB, while 
V G2 = 1.25 V - 1.908 V = -0.658 V, which sets A2's gain at 
-0.56 dB. The overall gain is now 40 dB (see Figure 3b). When 
Vc = +2.5 V, the gain of Al is 41.07 dB and that of A2 is . 
38.93 dB, resulting in an overall gain of 80 dB (see Figure 3c). 
This mode of operation is further clarified by Figure 5, which is 
a plot of the separate gains of A I and A2 and the overall gain 
versus the control voltage. Figure 6 is a plot of the gain error of 
the cascaded amplifiers versus the control voltage. 

Parallel Mode (Simplest Gain-Control Interface) 
In t1iis mode, the gain-control voltage is applied to both inputs 
in parallel - CIHI and C2HI are connected to the control volt
age, and CILO and C2LO are optionally connected to an offset 
voltage of +0.625 V. The gain scaling is then doubled to 64 dB/ 
V, requiring only 1.25 V for an 80 dB change of gain. The 
amplitude of the gain ripple in this case is also doubled, as 
shown in Figure 7, and the instantaneous signal-to-noise ratio 
at the output of A2 decreases linearly as the gain is increased 
(Figure 8). 

Low Ripple Mode (Minimum Gain Error) 
As can be seen in Figures 6 and 7, the output ripple is periodic. 
By offsetting the gains of Al and A2 by half the period of the 
ripple, or 3 dB, the residual gain errors of the two amplifiers 
can be made to cancel. Figure 9 shows the much lower gain rip
ple when configured in this manner. Figure 10 plots the SIN 
ratio as a function of gain; it is very similar to that in the "Par
allel Mode." 
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AD600/AD602 
APPLICATIONS 
The full potential of any high performance amplifier can only be 
realized by careful attention to details in its applications. The 
following pages describe fully tested circuits in which many such 
details have already been considered. However, as is always true 
of high accuracy, high speed analog circuits, the schematic is 
only part of the story; this is no less true for the AD600 and 
AD602. Appropriate choices in the overall board layout and 
the type and placement of power supply decoupling components 
are very important. As explained previously, the input grounds 
AlLO and A2LO must use the shortest possible connections. 

The following circuits show examples of time-gain control for 
ultrasound and for sonar, methods for increasing the output 
drive, and AGe amplifiers for audio and RF/IF signal process
ing using both peak and rms detectors. These circuits also illus
trate methods of cascading X-AMPs for either maintaining the 
optimal SIN ratio or maximizing the accuracy of the gain-control 
voltage for use in signal measurement. These AGC circuits may 
be modified for use as voltage-controlled amplifiers for use in 
sonar and ultrasound applications by removing the detector and 
substituting a DAC or other voltage source for supplying the 
control voltage. 

Time-Gain Control (TGC) and Time-Variable Gain (TVG) 
Ultrasound and sonar systems share a similar requirement: both 
need to provide an exponential increase in gain in response to a 
linear control voltage, that is, a gain control that is "linear in 
dB." Figure 11 shows the AD600/AD602 configured for a con
trol voltage ramp starting at -625 mV and ending at +625 mV 
for a gain-control range of 40 dB. For simplicity, only the Al 
connections are shown. The polarity of the gain-control voltage 
may be reversed and the control voltage inputs ClHI and ClLO 
reversed to achieve the same effect. The gain-control voltage can 
be supplied by a voltage-output DAC such as the AD7242, 
which contains two complete DACs, operates from ±5 V sup
plies, has an internal reference of 3 V, and provides ± 3 V of 
output swing. As such it is well-suited for use with the AD600/ 
AD602, needing only a few resistors to scale the output voltage 
of the DACs to the levels needed by the AD600/AD602. 

CONTROL VOLTAGE, 

VG 

Figure 11. The Simplest Application of the X-AMP is as a 
TGC or TVG Amplifier in Ultrasound or Sonar. Only the 
A 1 Connections Are Shown for Simplicity. 
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Increasing Output Drive 
The AD600/ AD602's output stage has limited capability for 
negative-load driving capability. For driving loads less than 
500 n, the load drive may be increased by about 5 rnA by con
necting a 1 kn pull-down resistor from the olitput to the nega
tive supply (Figure 12). 

Driving Capacitive Loads 
For driving capacitive loads of greater than 5 pF, insert a 10 n 
resistor between the output and the load. This lowers the possi
bility of oscillation. 

V,N 

ADDED 
PULL-DOWN 

RESISTOR 

Figure 12. Adding a 1 kfl Pull-Down Resistor Increases 
the X-AMP's Output Drive by About 5 mA. Only the A 1 
Connections Are Shown for Simplicity. 

Realizing Other Gain Ranges 
Larger gain ranges can be accommodated by cascading amplifi
ers. Combinations built by cascading two amplifiers include 
- 20 dB to +60 dB (using one AD602), -10 dB to +70 dB (112 
of an AD602 followed by 112 of an AD600), and 0 dB to 80 dB 
(one AD600). In multiple-channel applications, extra protection 
against oscillations can be provided by using amplifier sections 
from different packages. 

An Ultralow Noise VCA 
The two channels of the AD600 or AD602 may be operated in 
parallel to achieve a 3 dB improvement in noise level, providing 
I nVlVHz without any loss of gain accuracy or bandwidth. 

In the simplest case, as shown in Figure 13,. the signal inputs 
AIHI and A2HI are tied directly together, the outputs AIOP 
and A20P are summed via Rl and R2 (100 n each), and the 
control inputs CIHIIC2HI and ClLO/C2LO operate in parallel. 
Using these connections, both the input and output resistances 
are 50 n. Thus, when driven from a 50 n source and termi
nated in a 50 n load, the gain is reduced by 12 dB, so the gain 
range becomes -12 dB to + 28 dB for the AD600 and - 22 dB 
to + 18 dB for the AD602. The peak input capability remains 
unaffected (I V rms at the IC pins, or 2 V rms from an 
unloaded 50 n source). The loading on each output, with a 
50 n load, is effectively 200 n, because the load current is 
shared between the two channels, so the overall amplifier still 
meets its specified maximum output and distortion levels for a 
200 n load. This amplifier can deliver a maximum sine wave 
power of + 10 dBm to the load. 

REV. 0 



v" 

GAIN-CONTROL 
VOLTAGE 

VG 

r----------o.-+o---------~ 

Figure 13. An Ultralow Noise VCA Using the AD600 
orAD602 

A Low Noise, 6 dB Preamplifier 
In some ultrasound applications, the user may wish to use a 
high input impedance preamplifier to avoid the signal attenua
tion that would result from loading the transducer by the 100 n 
input resistance of the X-AMP. High gain cannot be tolerated, 
because the peak transducer signal is typically ±0.5 V, while the 
peak input capability of the AD600 or AD602 is only slightly 
more than ± I V. A gain of two is a suitable choice. It can be 
shown that if the preamplifier's overall referred-to-input (RTI) 
noise is to be the same as that due to the X-AMP alone (1.4 nVI 
y'Hz), then the input noise ofaX2 preamplifier must be V(31 
4) times as large, that is, 1.2 nV/y'Hz. 
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Figure 14. A Low Noise Preamplifier for the AD600 
andAD602 
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An inexpensive circuit, using complementary transistor types 
chosen for their low rbb" is shown in Figure 14. The gain is 
determined by the ratio of the net collector load resistance to the 
net emitter resistance, that is, it is an open-loop amplifier. The 
gain will be X2 (6 dB) only into a 100 n load, assumed to be 
provided by the input resistance of the X-AMP; R2 and R7 are 
in shunt with this load, and their value is important in defining 
the gain. For small-signal inputs, both transistors contribute an 
equal transconductance, which is rendered less sensitive to sig
nalleve1 by the emitter resistors R4 and R5, which also playa 
dominant role in setting the gain. 

This is a Class AB amplifier. As V IN increases in a positive 
direction, QI conducts more heavily and its re becomes lower 
while that of Q2 increases. Conversely, more negative values of 
VIN result in the re of Q2 decreasing, while that of QI increases. 
The design is chosen such that the net emitter resistance is 
essentially independent of the instantaneous value of VIN, result
ing in moderately low distortion. Low values of resistance and 
moderately high bias currents are important in achieving the low 
noise, wide bandwidth, and low distortion of this preamplifier. 
Heavy decoupling prevents noise on the power supply lines from 
being conveyed to the input of the X-AMP. 

Table I. Measured Preamplifier Performance 

Measurement Value Units 

Gain (f = 30 MHz) 6 dB 
Bandwidth (-3 dB) 250 MHz 
Input Signal for 

I dB Compression Vp-p 
Distortion 

VIN = 200 mV p-p HD2 0.27 % 
HD3 0.14 % 

VIN = 500 mV p-p HD2 0.44 % 
HD3 0.58 % 

System Input Noise 1.03 nV/y'Hz 
Spectral Density (NSD) 
(Preamp plus X-AMP) 

Input Resistance 1.4 kn 
Input Capacitance IS pF 
Input Bias Current ±150 I1A 
Power Supply Voltage ±5 V 
Quiescent Current 15 mA 

A Low Noise AGe Amplifier with 80 dB Gain Range 
Figure 15 provides an example of the ease with which the 
AD600 can be connected as an AGe amplifier. Al and A2 are 
cascaded, with 6 dB of attenuation introduced by the 100 n 
resistor RI, while a time constant of 5 ns is formed by CI and 
the 50 n of net resistance at the input of A2. This has the dual 
effect of (a) lowering the overall gain range from {O dB to 
80 dB} to {6 dB to 74 dB} and (b) introducing a single-pole low
pass filter with a - 3 dB frequency of about 32 MHz. This 
ensures stability at the maximum gain for a slight reduction in 
the overall bandwidth. The capacitor C4 blocks the small dc 
offset voltage at the output of Al (which might otherwise satu
rate A2 at its maximum gain) and introduces a high pass corner 
at about 8 kHz, useful in eliminating low frequency noise and 
spurious signals which may be present at the input. 
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Figure 15. This Accurate HF AGC Amplifier Uses Just Three Active Components. 

A simple half-wave detector is used, based on Q1 and R2. The 
average current into capacitor C2 is just the dil'ference between 
the current provided by the AD590 (300 .,A at 300 K, 27°C) 
and the collector current of QI. In turn, the control voltage V G 

is the time integral of this error current. When V G (and thus the 
gain) is stable, the rectified current in QI must, on average, 
exactly balance the current in the AD590. If the output of A2 is 
too small to do this, V G will ramp up, causing the gain to 
increase, until Ql conducts sufficiently. The operation of this 
control system will now be described in detail. 

First, consider the particular case where R2 is zero and the out
put voltage VOUT is a square wave at, say, 100 kHz, that is, 
well above the corner frequency of the contnilloop. During the 
time VOUT is negative, Q1 conducts; when VOUT is positive, it 
is cut off. Since the average collector current is forced to be 
300 f.LA, and the square wave has a 50% duty-cycle, the current 
when conducting must be 600 f.LA. With R2 omitted, the peak 
value of VOUT would be just the VBE of QI at 600 f.LA (typically 
about 700 mY) or 2 VBE peak-to-peak. This voltage, hence the 
amplitude at which the output stabilizes, has a strong negative 
temperature coefficient (TC), typically -1.7 mVrC. While this 
may not be troublesome in some applications, the correct value 
of R2 will render the output stable with temperature. 

To understand this, first note that the current in the AD590 is 
closely proportional to absolute temperature (PTA T). (In fact, 
this IC is intended for use as a thermometer.) For the moment, 
continue to assume that the signal is a square wave. When Q1 is 
conducting, VOUT is the' now the sum of V BE and a voltage 
which is PTAT and which can be chosen to have an equal but 
opposite TC to that of the base-to-emitter voltage. This is actu
ally nothing more than the "bandgap voltage reference" princi
ple in thiuly veiled disguise! When we choose R2 such that the 
sum of the voltage across it and the V BE of Q 1 is close to the 
bandgap voltage of about 1.2 V, VOUT will be stable over a wide 
range of temperatures, provided, of course, that QI and the 
AD590 share the same thermal environment. 

Since ,the average emitter current is 600 .,A during each half
cycle of the square wave, a resistor of 833 n would add a PTA T 
voltage of 500 mV at 300 K, increasing by 1.66 mVrC. In prac
tice, the optimum value of R2 will depend on the transistor 
used, and, to a lesser extent, on the waveform for which the 
temperature stability is to be optimized; for the devices shown 
and sine wave signals, the recommended value is 806 n. This 
resistor also serves to lower the peak current in Ql and the 
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200 Hz LP filter it forms with C2 helps to minimize distortion 
due to ripple in VG • Note that the output amplitude under sine 
wave conditions will be higher than for a square wave, since the 
average value of the current for an ideal rectifier would be 0.637 
times as large, causing the output amplitude to be 1.88 
(=1.2/0.637) V, or 1.33 V rms. In practice, the somewhat non
ideal rectifier results in the sine wave output being regulated to 
about 1.275 V rms. 

An offset of + 375 m V is applied to the inverting gain-control 
inputs C1LO and C2LO. Thus the nominal ,--625 mV to 
+625 mV range for V G is translated upwards (at V G') to 
-0.25 V for minimum gain to + 1 V for maximum gain. This 
prevents Ql from going into heavy saturation at low gains and 
leaves sufficient "headroom" of 4 V for the AD590 to operate 
correctly at high gains when using a + 5 V supply. 

In fact, the 6 dB interstage attenuator means that the overall 
gain of this AGC system actually runs from -6 dB to +74 dB. 
Thus, an input of 2 V rms would be required to produce a 1 V 
rms output at the minimum gain, which exceeds the 1 V rms 
maximum input specification of the AD600. The available gain 
range is therefore 0 dB to 74 dB (or, Xl to X5000). Since the 
gain scaling is 15.625 mY/dB (because of the cascaded stages) 
the minimum value of V G' is actually increased by 6 x 
15.625 mY, or about 94 mY, to -156 mY, so the risk of satura
tion in Ql is reduced. 

The emitter circuit of Ql is somewhat inductive (due its fmite ft 

and base resistance). Consequently, the effective value of R2 
increases with frequency. This would result in an increase in the 
stabilized output amplitude at high frequencies, but for the 
addition of C3, determined experimentally to be 15 pF for the 
2N3904 for maximum response flatness. Alternatively, a faster 
transistor can be used here to reduce HF peaking. Figure 16 
shows the ac response at the stabilized output level of about 
1.3 V rms. Figure 17 demonstrates the output stabilization for 
sine wave inputs of 1 mV to 1 V rms at frequencies of 100 kHz, 
1 MHz and lO MHz. 

While the "bandgap" principle used here sets the output ampli
tude to 1.2 V (for the square wave case), the stabilization point 
can be set to any higher amplitude, up to the maximum output 
of ± (V s - 2) V which the AD600 can support. It is only nec
essary to split R2 into two components of appropriate ratio 
whose parallel sum remains close to the zero-TC value of 806 n. 
This is illustrated in Figure 18, which shows how the output 
can be raised, without altering the temperature stability. 
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Figure 16. AC Response at the Stabilized Output Level 
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Figure 17. Output Stabilization vs. RMS Input for 
Sine Wave Inputs at 100 kHz, 1 MHz, and 10 MHz 
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Figure 18. Modification in Detector to Raise Output 
to 2 VRMS 

A Wide Range, RMS-Linear dB Measurement System 
(2 MHz AGe Amplifier with RMS Detector) 
Monolithic rms-dc converters provide an inexpensive means to 
measure the rms value of a signal of arbitrary waveform, and 
they also may provide a low accuracy logarithmic ("decibel
scaled") output. However, they have certain shortcomings. The 
first of these is their restricted dynamic range, typically only 
50 dB. More troublesome is that the bandwidth is roughly pro
portional to the signal level; for example, the AD636 provides a 
3 dB bandwidth of 900 kHz for an input of 100 mV rms, but 
has a bandwidth of only 100 kHz for a 10 mV rms input. Its 
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logarithmic output is unbuffered, uncalibrated and not stable 
over temperature; considerable support circuitry, including at 
least two adjustments and a special high TC resistor, is required 
to provide a useful output. 

All of these problems can be eliminated using an AD636 as 
merely the detector element in an AGC loop, in which the differ
ence between the rms output of the amplifier and a fixed de ref
erence are nulled in a loop integrator. The dynamic range and 
the accuracy with which the signal can be determined are now 
entirely dependent on the amplifier used in the AGC system. 
Since the input to the rms-dc converter is forced to a constant 3 
amplitude, close to its maximum input capability, the band-
width is no longer signal dependent. If the amplifier has an 
exactly exponential ("linear-dB") gain-control law , its control 
voltage V G is forced by the AGe loop to be have the general 
form: 

VlNlRMSI 
VOUT = V SCALE log 10 V REF 

(4) 

Figure 19 shows a practical wide dynamic range rms-responding 
measurement system using the AD600. Note that the signal out
put of this system is available at A20P, and the circuit can be 
used as a wideband AGe amplifier with an rms-responding 
detector. This circuit can handle inputs from 100 ~ V to 1 V rms 
with a constant measurement bandwidth of 20 Hz to 2 MHz, 
limited primarily by the AD636 rms converter. Its logarithmic 
output is a loadable voltage, accurately calibrated to 100 mY/dB, 
or 2 V per decade, which simplifies the interpretation of the 
reading when using a DVM, and is arranged to be -4 V for an 
input of 100 ~V rms input, zero for 10 mY, and +4 V for a 1 V 
rms input. In terms of Equation 4, VREF is 10 mV and V SCALE 
is 2 V. 

Note that the peak "log output" of ±4 V requires the use of 
±6 V supplies for the dual op amp U3 (AD712) although lower 
supplies would suffice for the AD600 and AD636. If only ±5 V 
supplies are available, it will be either necessary to use a 
reduced value for VSCALE (say 1 V, in which case the peak out
put would be only ±2 V) or restrict the dynamic range of the 
signal to about 60 dB. 

As in the previous case, the two amplifiers of the AD600 are 
used in cascade. However, the 6 dB attenuator and low-pass fJI
ter found in Figure 1 are replaced by a unity gain buffer ampli
fier U3A, whose 4 MHz bandwidth eliminates the risk of 
instability at the highest gains. The buffer also allows the use of 
a high impedance coupling network (CIIR3) which introduces a 
high-pass corner at about 12 Hz. An input attenuator of 10 dB 
(X0.316) is now provided by Rl + R2 operating in conjunction 
with the AD600's input resistance of 100 n. The adjustment 
provides exact calibration of the logarithmic intercept V REF in 
critical applications, but Rl and R2 may be replaced by a fixed 
resistor of 215 n if very close calibration is not needed, since 
the input resistance of the AD600 (and all other key parameters 
of it and the AD636) are already laser trimmed for accurate 
operation. This attenuator allows inputs as large as ±4 V to be 
accepted, that is, signals with an rms value of 1 V combined 
with a crest factor of up to 4. 

The output of A2 is ac coupled via another 12 Hz high-pass fJI
ter formed by C2 and the 6.7 kn input resistance of the AD636. 
The averaging time constant for the rms-dc converter is deter
mined by C4. The unbuffered output of the AD636 (at Pin 8) is 
compared with a fixed voltage of +316 mV set by the positive 
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Figure 19. The Output of This Three-IC Circuit Is Proportional to the Decibel Value of the RMS Input. 

supply voltage of +6 V and resistors R6 and R7. (VREP is pro
portional to this voltage, and systems requiring greater calibra
tion accuracy should replace the supply dependent reference 
with a more stable source.) 

Any difference in these voltages is integrated by the op amp 
U3B, with a time constant of 3 ms formed by the parallel sum 
of R61R7 and C3. Now, if the output of the AD600 is too high, 
VRMS will be greater than the "setpoint" of 316 mY, causing the 
output of U3B-that is, VOUT-to ramp up (note that the inte
grator is noninverting). A fraction of V OUT is connected to the 
inverting gain-control inputs of the AD600, so causing the gain 
to be reduced, as required, until V RMS is exactly equal to 
316 mY, at which time the ac voltage at the output of A2 is 
forced to be exactly 316 mV rms. This fraction is set by R4 and 
R5 such that a 15.625 mV change in the control voltages of Al 
and A2-which would change the gain of the cascaded amplifi
ers by I dB-requires a change of 100 mV at VOUT' Notice here 
that since A2 is forced to operate at an output level well below 
its capacity, waveforms of high crest factor can be tolerated 
throughout the amplifier. 

To check the operation, assume an input of 10 mV rms is 
applied to the input, which results in a voltage of 3.16 mV rms 
at the input to AI, due to the 10 dB loss in the attenuator. If 
the system operates as claimed, VOUT (and hence V G) should be 
zero. This being the case, the gain of both Al and A2 will be 
20 dB and the output of the AD600 will therefore be 100 times 
(40 dB) greater than its input, which evaluates to 316 mV rms, 
the input required at the AD636 to balance the loop. Finally, 
note that unlike most AGC circuits, needing strong temperamre
compensation for the internal "kT/q" scaling, these voltages, 
and thus the output of this measurement system, are tempera
ture stable, arising directly from the fundamental and exact 
exponential attenuation of the ladder networks in the AD600. 

Typical results are presented for a sine wave input at 100 kHz. 
Figure 20 shows that 'the output is held very close to ihe set
point of 316 mV rms over an input range in excess of 80 dB. 
(This system can, of course, be used as an AGC amplifier, in 
which the rms value of the input is leveled.) Figure 21 shows 
the "decibel" output voltage. More revealing is Figure 22, which 
shows that the deviation from the ideal output predicted by 
Equation lover the input range 80 fL V to 500 m V rms is within 
±0.5 dB, and within ±I dB for the 80 dB range from 80 fLY to 
800 mY. By suitable choice of the input attenuator RI + R2, 
this could be centered to cover any range from 25 mV to 250mV 

3-18 SIGNAL COMPRESSION COMPONENTS 

450 

425 

400 

37S 

350 

11325 
~ 300 

~ 275 

250 

225 

200 

'7S 

'50 

I, 

1D\.1V 100",V 1mV 10mV 100mV 1V 10V 

INPUT SIGNAL -v RMS 
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Figure 21. The dB Output of Figure 19's Circuit Is Linear 
Over an 80 dB Range 

to, say, I m V to 10 V, with appropriate correction to the value 
of VREP ' (Note that V SCALE is not affected by the changes in 
the range.) The gain ripple of ±0.2 dB seen in this curve is the 
result of the fmite interpolation error of the X-AMP. Note that 
it occurs with a periodicity of 12 dB-twice the separation 
between the tap points (because of the two cascaded stages). 

This ripple can be canceled whenever the X-AMP stages are 
cascaded by introducing a 3 dB offset between the two pairs of 
control voltages. A simple means to achieve this is shown in 
FtBure 23: the voltages at CIHI and C2HI are "split" by 
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Figure 23. Reducing the Gain Error Ripple 

±46.875 mY, or ± 1.5 dB. Alternatively, either one of these 
pins can be individually offset by 3 dB and a 1.5 dB gain adjust
ment made at the input attenuator (RI + R2). 

The error curve shown in Figure 24 demonstrates that over the 
central portion of the range the output voltage can be main
tained very close to the ideal value. The penalty for this modifi
cation is the higher errors at the extremities of the range. The 
next two applications show how three amplifier sections can be 
cascaded to extend the nominal conversion range to 120 dB, 
with the inclusion of simple LP filters of the type shown in Fig
ure 15. Very low errors can then be maintained over a 100 dB 
range. 
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Figure 24. Using the 3 dB Offset Network, the Ripple 
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100 dB to 120 dB RMS Responding Constant Bandwidth AGC 
Systems with High Accuracy dB Outputs 
The next two applications double as both AGC amplifiers and 
measurement systems. In both, precise gain offsets are used to 
achieve either (I) a very high gain linearity of ±O.I dB over the 
full 100 dB range, or (2) the optimal signal-to-noise ratio at any 
gain. 

A 100 dB RMS/AGC System with Minimal Gain Error 
(Parallel Gain with Offset) 
Figure 25 shows an rms-responding AGC circuit, which can 
equally well be used as an accurate measurement system. It • 
accepts inputs of 10 ,,"V to 1 V rms (-100 dBV to 0 dBV) with 
generous overrange. Figure 26 shows the logarithmic output, 
V LOG' which is accurately scaled I V per decade, that is, 
50 mY/dB, with an intercept (VLOG = 0) at 3.16 mV rms 
( - 50 dBV). Gain offsets of ± 2 dB have been introduced 
between the amplifiers, provided by the ±62.5 mV introduced 
by R6-R9. These offsets cancel a small gain ripple which arises 
in the X-AMP from its finite interpolation error, which has a 
period of 18 dB in the individual VCA sections. The gain ripple 
of all three amplifier sections without this offset (in which case 
the gain errors simply add) is shown in Figure 27; it is still a 
remarkably low ±0.25 dB over the 108 dB range from 6 ,,"V to 
1.5 V rms. However, with the gain offsets connected, the gain 
linearity remains under ±O.I dB over the specified 100 dB range 
(Figure 28). 

The maximum gain of this circuit is 120 dB. If no filtering were 
used, the noise spectral density of the AD600 (1.4 nV/yHz) 
would amount to an input noise of 8.28 ,,"V rms in the full 
bandwidth (35 MHz). At a gain of one million, the output noise 
would dominate. Consequently, some reduction of bandwidth is 
mandatory, and in the circuit of Figure 25 it is due mostly to a 
single-pole low-pass filter R5/C3, which provides a -3 dB fre
quency of 458 kHz, which reduces the worst-case output noise 
(at V AGel to about 100 mV rms at a gain of 100 dB. Of course, 
the bandwidth (and hence output noise) could be easily reduced 
further, for example, in audio applications, merely by increasing 
C3. The value chosen for this application is optimal in minimiz
ing the error in the V LOG output for small input signals. 

The AD600 is dc-coupled, but even miniscule offset voltages at 
the input would overload the output at high gains, so high-pass 
filtering is also needed. To provide operation at low frequencies, 
two simple zeros at about 12 Hz are provided by RlICI and 
R4/C2; op amp sections U3A and U3B (AD713) are used to pro
vide impedance buffering, since the input resistance of the 
AD600 is only 100 G. A further zero at 12 Hz is provided by 
C4 and the 6.7 kG input resistance of the AD636 rms converter. 

The rms value of V LOG is generated at Pin 8 of the AD636; the 
averaging time for this process is determined by C5, and the 
value shown results in less than 1% rms error at 20 Hz. The 
slowly varying V RMS is compared with a fixed reference of 
316 mY, derived from the positive supply by RIO/RI1. Any dif
ference between these two voltages is integrated in C6, in con
junction with op amp U3C, the output of which is V LOG. A 
fraction of this voltage, determined by RI2 and R13, is returned 
to the gain control inputs of all AD600 sections. An increase in 
V LOG lowers the gain, because this voltage is connected to the 
inverting polarity control inputs. 

Now, in this case, the gains of all three VCA sections are being 
varied simultaneously, so the scaling is not 32 dBIV but 96 dB/ 
V, or 10.42 mY/dB. The fraction of VLOG required to set its 

SIGNAL COMPRESSION COMPONENTS 3-19 



AD600/AD602 

"" 3.01110 

-sv 
POWER SUPfL Y 

OECOUPLING NETWORK 

"" 1UkO 

He = NO CONNECT 

Figure 25. RMS Responding AGC Circuit with 100 dB Dynamic Range 

~ 3 rt-Hff-rtHt~~-rtH~-Hff-rtHtt-~ 
~ 2ri-H~~~-H~H-rt~-rrHr1~+r~+H 
I-

~ 1 rt-H~~~-t++H-rt~~~t+-H~~~ 
~ °rt-H~~~-t++~~~~tHt+-H~~~ 
~ -1 rt-H~~~~4TH-rt~~tHti-t~~~ ~ g -2 rt-Hf\f;,.r"'IrtH-t++H-rt~~tHt+-H~~rl-H 

9 ~r1~~~rl-H-t++H-rt~~tHt+-H~~rl-H 

~~~~-U~~~~~~~~uw~~ 

1 !.IV 10f.lV l00",V 1mY 10mV l00mV 1V lOV 

INPUT SIGNAL - V RMS 

Figure 26. VLOG Plotted vs. V'N for Figure 25's Circuit 
Showing 120 dB AGC Range 
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Figure 28. Adding the 2 dB Offsets Improves the 
Linearization 

scaling to 50 mY/dB is therefore 10.42/50, or 0.208. The result
ing full-scale range of VLOG is nominally ±2.5 V. This scaling 
was chosen to allow the circuit to operate from ±5 V supplies. 
Optionally, the scaling could be altered to 100 mY/dB, which 
would be more easily interpreted when V LOG is displayed on a 
DVM, by increasing Rl2 to 25.5 kn. The full-scale output of 
± 5 V then requires the use of supply voltages of at least 
±7.5 V. 

A simple attenuator of 16.6 ± 1.25 dB is formed by R21R3 and 
the 100 n input resistance of the AD600. This allows the refer
ence level of the decibel output to be precisely set to zero for an 
input of 3.16 mV rms, and thus center the 100 dB range 
between 10 fJ-Vand 1 V. In many applications R2/R3 may be 
replaced by a fixed resistor of 590 n. For example, in AGe 
applications, neither the slope nor the intercept of the logarith
mic output is important. 
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A few additional components (RI4-RI6 and Ql) improve the 
accuracy of V LOG at the top end of the signal range (that is, for 
small gains). The gain starts rolling off when the input to the 
first amplifier, VIA, reaches 0 dB. To compensate for this non
linearity, QI turns on at V LOG - + 1.5 V and increases the 
feedback to the control inputs of the AD600s, thereby needing a 
smaller voltage at V LOG to maintain the input to the AD636 to 
the setpoint of 316 mV rms. 

A 120 dB RMS/AGC System with Optimal SIN Ratio 
(Sequential Gain) 
In the last case, all gains were adjusted simultaneously, resulting 
in an output signal-to-noise ratio (SIN ratio) which is always less 
than optimal. The use of sequential gain control results in a 
major improvement in SIN ratio, with only a slight penalty in 
the accuracy of V LOG' and no penalty in the stabilization accu
racy of V AGe' The idea is simply to increase the gain of the ear
lier stages first (as the signal level decreases) and thus maintain 
the highest SIN ratio throughout the amplifier chain. This can 
be easily achieved with the AD600 because its gain is accurate 
even when the control input is overdriven; that is, each gain
control "window" of 1.25 V is used fully before moving to the 
next amplifier to the right. 

Figure 29 shows the circuit for the sequential control scheme. 
R6 to R9 with RI6 provide offsets of 42.14 dB berween the 
individual amplifiers to ensure smooth transitions berween the 
gain of each successive X-AMP, with the sequence of gain 
increase being VIA first, then VlB, and lastly V2A. The adjust
able attenuator provided by R3 + RI7 and the 100 0 input 
resistance of VIA as well as the fixed 6 dB attenuation provided 

1-GYDEC 

." 7.32kU 

"" 

AD600/AD602 
by R2 and the input resistance of VIB are included both to set 
VLOG to read 0 dB when VIN is 3.16 mV rms and to center the 
100 dB range berween 10 fL V rms and I V rms input. R5 and 
C3 provide a 3 dB noise bandwidth of 30 kHz. R12 to RI5 
change the scaling from 625 m V/decade at the control inputs to 
I V Idecade at the output and at the same time center the 
dynamic range at 60 dB, which occurs if the V G of VIB is equal 
to zero. These arrangements ensure that the V LOG will still fit 
within the ±6 V supplies. 

Figure 30 shows V LOG to be linear over a full 120 dB range. 
Figure 31 shows the error ripple due to the individual gain func- • 
tions which is bounded by ± 0.2 dB (dotted lines) from 6 ,.., V to 
2 V. The small perturbations at about 200 fLV and 20 mY, 
caused by the impracticality of matching the gain functions per-
fectly, are the only sign that the gains are now sequential. Fig-
ure 32 is a plot of V AGe which remains very close to its set 
value of 316 mV rms over the full 120 dB range. 

To more directly compare the signal-to-noise ratios in the 
"simultaneous" and "sequential" modes of operation, all inter
stage attenuation was eliminated (R2 and R3 in Figure 25, R2 in 
Figure 29), the input of VIA was shorted, R5 was selected to 
provide a 20 kHz bandwidth (R5 = 7.87 kO), and only the gain 
control was varied, using an external source. The rms value of 
the noise was then measured at V OUT and expressed as an SIN 
ratio relative to 0 dBV, this being almost the maximum output 
capability of the AD600. Results for the simultaneous mode can 
be seen in Figure 33. The SIN ratio degrades uniformly as the 
gain is increased. Note that since the inverting gain control was 
used, the gain in this curve and in Figure 34 decreases for more 
positive values of the gain-control voltage. 

He '" NO CONNECT 

"y 

FB~o.II'F 
"YDEC~~ 
-<VDEC~", 

-<V 

POWERSUPPl..V 
DECOUPLING NETWORK 

Figure 29. 120 dB Dynamic Range RMS Responding Circuit Optimized for SIN Ratio 
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AD600/AD602 
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Figure 30. VLOG Is Essentially Linear Over the Full 120 dB 
Range 
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Figure 31. The Error Ripple Due to the Individual Gain 
Functions 
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Figure 32. VAGC Remains Close to Its Setpoint Value 
of 316 mV RMS Over the Full 120 dB Range 

In contrast, the SIN ratio for the sequential mode is shown in 
Figure 34. UIA always acts as a fixed noise source; varying its 
gain has no influence on the output noise. (This is a feature of 
the X-AMP technique.) Thus, for the first 40 dB of control 
range (actually slightly more, as explained below), when only 
this VeA section has its gain varied, the SIN ratio remains con
stant. During this time, the gains of UIB and U2A are at their 
minimum value of -1.07 dB. 

For the next 40 dB of control range, the gain of UIA remains 
fixed at its maximum value of 41.07 dB and only the gain of 
UlB is varied, while that of U2A remains at its minimum value 
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Figure 33. SIN Ratio vs. Control Voltage for Parallel Gain 
Control (Figure 25) 
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Figure 34. SIN Ratio vs. Control Voltage for Sequential 
Gain Control (Figure 29) 

of -1.07 dB. In this interval, the fixed output noise of UIA is 
amplified by the increasing gain of UIB and the SIN ratio pro
gressively decreases. 

Once UIB reaches its maximum gain of 41.07 dB, its output 
also becomes a gain independent noise source; this noise is pre
sented to U2A. As the control voltage is further increased, the 
gains of both UIA and UIB remain fixed at their maximum 
value of 41.07 dB, and the SIN ratio continues to decrease. Fig
ure 34 clearly shows this, because the maximum SIN ratio of 
90 dB is extended for the first 40 dB of input signal before it 
starts to roll off. 

This arrangement of staggered gains can be easily implemented 
because, when the control inputs of the AD600 are overdriven, 
the gain limits to its maximum or minimum values without side
effects. This eliminates the need for awkward nonlinear shaping 
circuits that have previously been used to break up the gain 
range of multistage AGC amplifiers. It is the precise values of 
the AD600's maximum and minimum gain (not 0 dB and 40 dB 
but -1.07 dB and 41.07 dB) that explain the rather odd values 
of the offset values that are used. 

The optimization of the output SIN ratio is of obvious value in 
AGC systems. However, in applications where these circuit are 
considered for their wide range logarithmic measurements capa
bilities, the inevitable degradation of the SIN ratio at high gains 
need not seriously impair their utility. In fact, the bandwidth of 
the circuit shown in Figure 2S was specifically chosen so as to 
improve measurement accuracy by altering the shape of the log 
error curve (Figure 31) at low signal levels. 
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AD600/AD602 - Typical Performance Characteristics 

Figure 44. Gating Feedthrough to 
Output, Gating Off to On 
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~ANALOG 
WDEVICES 

50 MHz, 80 dB Demodulating 
Logarithmic Amplifier with Limiter Output 

FEATURES 
Logarithmic Amplifier Performance 

-75 dBm to +5 dBm Dynamic Range 
$1.5nV/YHz Input Noise 
Usable to ~50 MHz 
37.5 mV/dB Voltage Output 
On-Chip Low-Pass Output Filter 

Limiter Performance 
90 dB Typical Gain 
±4Q Phase Stability at 45 MHz over 75 dB Range 
Adjustable Output Amplitude 

Low Power 
+5 V Single Supply Operation 
65 mW Typical Power Consumption 
CMOS Compatible Power-Down 
<5 II-s Enable/Disable Time 

APPLICATIONS 
High-Performance Log-IF Strips in Radar 
Ultrasound and Sonar Processing 
Phase-Stable Limiting Amplifier to 100 MHz 
Received Signal Strength Indicator (RSSI) 
Wide Range Signal and Power Measurement 

PRODUCT DESCRIPTION 
The AD606 is a complete, monolithic logarithmic amplifier 
using a 9-stage "successive-detection" technique. It provides 
both logarithmic and limited outputs. The logarithmic output is 
from a three-pole post-demodulation low-pass filter and provides 
a loadable output voltage of +0.1 V to +4 V. The logarithmic 
scaling is such that the output is +0.5 V for a sinusoidal input 
of -75 dBm and +3.5 V at an input of +5 dBm; over this 
range the logarithmic linearity is typically within ±0.5 dB. All 
scaling parameters are proportional to the supply voltage. 

The AD606 can operate above and below these limits, with 
reduced linearity, to provide as much as 90 dB of conversion 
range. A second low-pass filter automatically nulls the input 
offset of the first stage down to the submicrovolt level. Adding 
external capacitors to both filters allows operation at input fre
quencies as low as a few hertz. 

The AD606's limiter output provides a hard-limited signal out
put as a differential current of ± 1.2 rnA from open-collector 
outputs. In a typical application, both of these outputs are 
loaded by 200 n resistors to provide a voltage gain of more than 
90 dB from the input. Transition times are 1.5 ns, and the 
phase is stable to within ±4Q at 45 MHz for signals from -70 
dBm to +5 dBm. 

AD606 I 
FUNCTIONAL BLOCK DIAGRAM 

The logarithmic amplifier operates from a single + 5 V supply 
and typically consumes 65 mW. It is enabled by a CMOS logic
level voltage input, with a response time of <5 II-S. When dis
abled, the standby power is reduced to <500 II-W within 5 II-S. 

The AD606 is specified for the industrial temperature range of 
-40°C to +85°C and is available in 16-pin plastic DIPs or 
SOICs. Consult the factoty for other packages and temperature 
ranges. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD606 -SPECIFICATIONS (TA = +25°C and Supply = +5 V unless otherwise noted; dBm assumes 50 0.) 

Model AD606 
Parilmeter Conditions Min Typ Max Units 

SIGNAL INPUT 
Bandwidth Differential Sinusoidal Input 50 MHz 
Signal Range -75 +5 dBm 
Input Resistance Differential Input 2.5 kG 
Input Capacitance Differential Input 2 pF 

SIGNAL OUTPUT 
Gain With Pin 9 to VPOS via a 200 G Resistor 80 90 dB 

and Pin 8 to VPOS via a 200 G Resistor 
Output Current At Pins 8 or 9, Proportional to VPOS 0.% 1.2 l.44 rnA 
Phase Stability At 45 MHz for -70 dBm:=; P,N:=; +5 dBm ±4 Degrees 

RSSIOUTPUT 
Nominal Slope At 10.7 MHz; 7.5 mY/dB x VPOS 37.5 mY/dB 

At 45 MHz 35 mY/dB 
Slope Accuracy Untrimmed ±IO % 
Slope Adjustment Range ±15 % 
Intercept -88.33 dBm 
LogarithInic Conformance ±I dB 
Nominal Output PIN = - 0.5 V 

PIN = 2 V 
P'N = 3.5 V 

Stability over Temperature O°C:=; TA :=; ±2 dB 
Mter Calibration 

Video Response Time ILS 
POWER-DOWN INTERFACE 

Power-Up Response Time Time Delay Until Device Meets Full 3.5 ILS 
Specifications After HI Transition 

Power-Down Response Time Time Delay Until Device Powers-Down 5 ILS 
Mter LO Transition 

POWER SUPPLY CURRENT 
Powered Up Zero Signal Input 13 rnA 

TMIN to T MAX 13 25 rnA 
Powered Down TMIN to TMAX 150 ILA 

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

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage +Vs ...................... +7.5 V 
Internal Power Dissipation .................. 600 m W 
Operating Temperature Range ............ O°C to +70°C 
Storage Temperature Range . . . . . . . . . .. -65°C to + 150°C 
Lead Temperature, Soldering 60 sec . . . . . . . . . . .. + 300°C 

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

Thermal Characteristics: 
l6·Pin Plastic Package: aJA = 8S"C/W 
l6·Pin sOle Package: TBD 

PIN CONNECTIONS 

OPCM 7 

AD606 
PIN FUNCTIONS 

Pin Mnemonic Function 

INLO DIFFERENTIAL RF INPUT 
-75 dBm to + 5 dBm, Inverting, AC Coupled. 

2 COMM POWER SUPPLY COMMON 

3 IADJ 

4ILOG 

10 LADJ 

Connect to Ground. 
INTERCEPT ADJUST 
Used to Adjust Intercept Level. 
LOG CURRENT OUTPUT 
Normally No Connection; 2 fl-A/dB Output 
C 

FER INPUT 

ERED LOG OUTPUT 
mVidB (100 mV to 4.5 V). 

OUTPUT COMMON 
Connect to Ground. 
DIFFERENTIAL LIMITER OUTPUT 
1.2 mA Full-Scale Output Current Open 
Collector. Output Must Be "Pulled" Up to 
VPOS with R :,; 200 fl. 
DIFFERENTIAL LIMITER OUTPUT 
1.2 rnA Full-Scale Output Current. Open 
Collector Output Must Be "Pulled" Up to 
VPOS with R :,; 200 fl. 
LIMITER LEVEL ADJUSTMENT 
Used to Adjust Limiter Output Current. 

11 FILl OFFSET LOOP LOW-PASS FILTER 
Normally No Connection; a Capacitor Between 
FILl and FIL2 May Be Added to Lower the 
Filter Cutoff Frequency. 

12 FIL2 OFFSET LOOP LOW-PASS FILTER 
Normally No Connection; A Capacitor Between 
FILl and FIL2 May Be Added to Lower the 
Filter Cutoff Frequency. 

13 VPOS POSITIVE SUPPLY 
Connect to +5 V at 13 mAo 

14 PRUP POWER UP 
CMOS (5 V) Logical High = Device On 
(= 65 mW). 
CMOS (0 V) Logical Low = Device Off 
(= 250 fl-W). 

15 COMM POWER SUPPLY COMMON 
Connect to Ground. 

16 INHI DIFFERENTIAL RF INPUT 
- 75 dBm to + 5 dBm, N oninverting, AC Coupled. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD606 

PRUP 
(CMOS·COMPATIBLE LOGIC LEVEL) 

100pF 

r INHI COMM PRUP VPOS FIL1 

RF 
INPUT 

INPUT LEVEL CONVENTIONS 
RF logarithmic amplifiers usually have their input specified in 
"dBm," meaning "decibels with respect to 1 mW." Unform· 
nately, this is not precise for several reasons. 

L Log amps respond not to power but to voltage. In this 
respect, it would be less ambiguous to use "dBV" (decibels 
with respect to I V) as the input metric. Also, power is 
dependent on the rms (root mean square) value of the signal, 
which differs with the waveform of the signaL 

2. The response of a demodulating log amp depends on the 
waveform. Convention assumes that the input is sinusoidaL 
However, the AD606 is capable of accurately handling any 
input waveform, including dc voltages, pulses and square 
waves, Gaussian noise, and so on. We will later discuss the 
effect waveform has on the intercept voltage. 

3. The impedance in which the specified power is measured is 
not always stated. In the log amp context it is invariably 
assumed to be 50 n. Thus, 0 dBm means "1 mW rms 
in 50 n", and thus corresponds to an rms voltage of 
V(1 mW x 50 n), or 224 mV. 

.5V 

22<> 

LIMITER 
r------+--~J_----~ OUTPUT 

200mV p-p 

FIL2 LADJ LMHI 
200n 

20011 

RSSIOUT 

.,----------------.... :~:~~: ~~::~ 
+3.5V @ +5dBm 

Popular convention requires the use of dBm to simplify the 
comparison of log amp specifications. Thus, unless otherwise 
specified, sinusoidal inputs expressed as dBm in 50 n are used 
to specify the performance of the AD606 . throughout this data 
sheet. We will also show the rms voltages where it helps to claro 
ify the specification. Noise levels will likewise be given in dBm; 
the response to Gaussian noise is 0.5 dB higher than for a sinu· 
soidal input of the same rms value. 

Note that dynamic range, being a simple ratio, is always speci
fied simply as "dB," and the slope of the logarithmic transfer 
function is specified as "mV/dB," NOT as "mV/dBm." 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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CIRCUIT DESCRIPTION 
Figure 2 is a block diagram of the AD606, which is a complete 
logarithmic amplifier system in monolithic form. It uses a total 
of nine limiting amplifiers in a "successive detection" scheme to 
closely approximate a logarithmic response over a total dynamic 
range of 90 dB. The signal input is differential, at nodes INHI 
and INLO, and will usually be sinusoidal and ac-coupled. The 
source may be either differential or single sided; the input 
impedance is about 2.5 kn in parallel with 2 pF. Seven of the 
amplifier/detector stages handle inputs from - 80 dBm (32 fL V 
rms) up to about -14 dBm (45 mV rms). The noise floor is 
about -88 dBm (9 fLY rms). Another two stages receive the 
input attenuated by 22.3 dB, and respond to inputs up to 
+ 10 dBm (707 mV rms). The gain of each of these stages is 
11.15 dB and is accurately stabilized over temperature by a pre
cise biasing system. 

OPCM 7 I--W~---' 

Figure 2. AD606 Functional Block Diagram 

The detectors provide full wave rectification of the alternating 
signal present at each limiter output. Their outputs are in the 
form of currents, proportional to the supply voltage. Each cell 
incorporates a low-pass filter pole, as the first step in recovering 
the average value of the demodulated signal, which contains 
appreciable energy at even harmonics of the input frequency. 

ADGOG 
A further real pole can be introduced by adding a capacitor 
berween the summing node lAD] and VPOS. The summed 
detector output currents are applied to a 6: 1 reduction current 
mirror. Its output at ILOG is scaled 2 fLAldB, and is converted 
to voltage by an internal load resistor of9.375 k!1 between ILOG 
and OPCM (output common, which is usually grounded). The 
nominal slope at this point is 18.75 mY/dB (375 mY/decade). 

A buffer amplifier, having a gain of two, provides a final output 
scaling at VLOG of 37.5 mY/dB (750 mY/decade). This low
impedance output can run from close to ground to over +4 V 
(using the recommended + 5 V supply) and is tolerant of resis
tive and capaciti loads. Further filtering is provided by a con-
jugate pole med by internal capacitors which are an 

. output buffer. The corner frequency of the 
Hz, and the 10%-90% rise time is 150 ns. 

w!lll!!0w how the low-pass corner of this three-pole 
bel_tt!:! ,lIfbitrarily low frequencies, allowing the 
);,~'Uit:ll""at, say, audio frequencies. We will also show 

and intercept can be altered using simple external 
e!\ts. The direct buffer input BFIN is used in these 

ca~' t"t: . .. """'~ .. ~~' 

~ iist Hmi~er output is available as complementary currents 
I,fom open collectors at pins LMHI and LMLO. These currents 
are each 1.2 rnA ±20% (typical, 1 rnA minimum) and may con
verted to voltages using external load resistors connected to 
VPOS; typically, a 200 n resistor is used on just one output. 
The voltage gain is then typically over 90 dB, resulting in a hard 
limited output for all input levels down to the noise floor. The 
phasing is such that LMHI goes high when the input (INHI to 
INLO) is positive. The delay time from the signal inputs to the 
limiter outputs is 8 ns. Of particular importance is the phase 
stability of these outputs versus input level. For example, at 
50 MHz, the phase typically remains within ±4° from -70 dBm 
to +5 dBm. The rise time of this output (essentially a square 
wave) is about 1.2 ns, resulting in clean operation up to 
100 MHz. 

The AD606 can be used in an intermittent mode in order to 
reduce power consumption in portable applications. When pow
ered down, the quiescent current is typically 50 fLA, or about 
250 fLW. A CMOS logical HIGH applied to PRUP activates 
both internal references, and the system becomes fully func
tional (that is, meets its specifications) within about 3.5 fLS. 
When this input is a CMOS logical LOW, the system shuts 
down to the quiescent level within about 5 fLS. The input resis
tance from PRUP to COMM is typically 250 kH. In applications 
where VLOG is taken to an AID converter which allows the 
use of an external reference, this reference input should also be 
connected to the same +5 V supply. The power supply voltage 
may be in the range +4 V to +6 V, providing a range of slopes 
from nominally 30 mY/dB (600 mY/decade) to 45 mY/dB (900 
mY/decade). 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD606 
Low Frequency Operation 
Since all the amplifier stages are internally dc-coupled, the 
AD606 does not impose any limits on the lowest frequencies 
which may be handled. It is simply necessary to use larger input 
coupling capacitors and add external capacitors to the low-pass 
post demodulation f!lter. However, an unavoidable consequence 
of the use of dc coupling between the stages, and the very high 
overall gain, is that even very small offset voltages at the input 
will seriously degrade the accuracy for small ac inputs. The 
built-in offset is held to very low levels by the use of careful 
design, but a residual of typically 100 IL V may remain. This is 
dealt with by the inclusion of an offset correction loop, which 
samples the offset at the output of the main amplifier chain and 
servos the input to null the offset. This requires a low-pass f!l
ter, the main components of which are also included in the 
AD606. 

A real pole at 16 kHz is formed by interna1 resistors of 330 kO 
and capacitors of 30 pF. This time constant, whose effective 
value is reduced by the loop gain of about 70 dB, can be 

increased by the addition of an extemal capacitor between 
nodes FILl and FIL2. The overall response is transformed to 
a two-pole high pass, in conjunction with the input coupling 
capacitors. 

For operation above 30 MHz, it is not necessary to add the 
extemal capacitor, although an improvement in low frequency 
noise can be achieved by so doing. Note that the offset control 
loop does not materially affect the low:frequency cutoff at high 
input levels when the offset voltage is swamped by the signal. 

Note that the AD606 does not use trimming in production to 
achieve its accurate performance, but relies on the very close 
matching of similar elements which can be achieved in a mono
lithic circuit. However, the absolute values of the resistors and 

some process variability, which needs to 
e applications. This topic is addressed in 
. In this connection, note that the seal
referred to above is not absolute. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligati,on regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
Complete. Fully Calibrated Monolithic System 
Five Stages. Each Having 10dB Gain. 350MHz BW 
Direct Coupled Fully Differential Signal Path 
Logarithmic Slope. Intercept and AC Response are 

Stable Over Full Military Temperature Range 
Dual Polarity Current Outputs Scaled 1mA/Decade 
Voltage Slope Options (1V/Decade. 100mV/dB. etc.) 
Low Power Operation (Typically 220mW at ±5V) 
Low Cost Plastic Packages Also Available 

APPUCATIONS 
Radar. Sonar. Ultrasonic and Audio Systems 
Precision Instrumentation from DC to 120MHz 
Power Measurement with Absolute Calibration 
Wide Range High Accuracy Signal Compression 
Alternative to Discrete and Hybrid IF Strips 
Replaces Several Discrete Log Amp ICs 

PRODUCT DESCRIPTION 
The AD640 is a complete monolithic logarithmic amplifier. A 
single AD640 provides up to SOdB of dynamic range for fre
quencies from dc to l20MHz. Two AD640s in cascade can pro
vide up to 9SdB of dynamic range at reduced bandwidth. The 
AD640 uses a successive detection scheme to provide an output 
current proportional to the logarithm of the input voltage. It is 
laser calibrated to close tolerances and maintains high accuracy 
over the full military temperature range using supply voltages 
from ±4.SV to ±7.SV. 

The AD640 comprises five cascaded dc coupled amplifierllimiter 
stages, each having a small signal voltage gain of 10dB and a 
- 3dB bandwidth of 3S0MHz. Each stage has an associated full
wave detector, whose output current depends on the absolute 
value of its input voltage. The five outputs are summed to pro
vide the video output (when low pass filtered) scaled at lmA per 
decade (SO ... A per dB). On chip resistors can be used to convert 
this output current to a voltage with several convenient slope 
options. A balanced signal output at + SOdB (referred to input) 
is provided to operate AD640s in cascade. 

The logarithmic response is absolutely calibrated to within 
±ldB for dc or square wave inputs from ±0.7SmV to ±20OmV, 
with an intercept (logarithmic offset) at 1m V dc. An integral 
X10 attenuator provides an alternative input range of ±7.SmV 
to ±2V dc. Scaling is also guaranteed for sinusoidal inputs. 

The AD640B is specified for the industrial temperature range of 
-40°C to +8S"C and the AD640T, available processed to MIL
STD-883B, for the military range of - 55°C to + 125°C. Both are 
available in 20-pin side brazed ceramic DIPs or leadless chip 
carriers (LCC). The AD640 J is specified for the commercial 
temperature range of 0 to + 70°C, and is available in both 20-pin 
plastic DIP (N) and PLCC (P) packages. 

REV. A 

DC Coupled Demodulating 
120MHz Logarithmic Amplifier 

AD640 I 
FUNCTIONAL BLOCK DIAGRAM 

This device is now available to Standard Military Drawing 
(DESC) number S962-909SS01MRA and S962-909SS01M2A. 

PRODUCT HIGHLIGHTS 
1. Absolute calibration of a wideband logarithmic amplifier is 

unique. The AD640 is a high accuracy measurement device, 
not simply a logarithmic building block. 

2. Advanced design results in unprecedented stability over the 
full military temperature range. 

3. The fully differential signal path greatly reduces the risk of 
instability due to inadequate power supply decoupling and 
shared ground connections, a serious problem with com
monly used unbalanced designs. 

4. Differential interfaces also ensure that the appropriate ground 
connection can be chosen for each signal port. They further 
increase versatility and simplify applications. The signal 
input impedance is -SOOkO in shunt with -2pF. 

S. The dc coupled signal path eliminates the need for numerous 
interstage coupling capacitors and simplifies logarithmic con
version of subsonic signals. 

6. The low input offset voltage of 50 ... V (200 ... V max) ensures 
good accuracy for low level dc inputs. 

7. Thermal recovery "tails," which can obscure the response 
when a small signal immediately follows a high level input, 
have been minimized by special attention to design details. 

8. The noise spectral density of 2nV/YRZ results in a noise 
floor of -23 ... V rms (-80dBm) at a bandwidth of lOOMHz. 
The dynamic range using cascaded AD640s can be extended 
to 9SdB by the inclusion of a simple filter between the two 
devices. 
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AD640-SPECIFICATIONS 
DC SPECIFICATIONS (vs = ±5V, TA = +25°C, unless otherwise noted) 

Model AD640J I AD640B I AD640T 
Transfer Function l IOUT=Iy LOG IVINNxl for VIN=±0.75mV to ±200mV dc 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units 

SIGNAL INPUTS (Pins 1,20) 
Input Resistance Differential 500 500 500 ill 
Input Offset Voltage Differential 50 500 50 200 50 200 ",V 

vs. Temperature O.S O.S O.S ",vrc 
Over Temperature Tmin to Tmu. 300 ",V 
YS. Supply 2 2 2 ",VN 

Input Bias Current 7 25 7 25 7 25 !LA 
Input Bias Offset I I I ",A 
Common Mode Range -2 +0.3 -2 +0.3 -2 +0.3 V 

INPUT ATTENUATOR 
(pins 2, 3,4, 5 & 19) 

Attenuation2 Pin 5 to Pin 19 20 20 20 dB 
Input Resistance Pins 5 to 3/4 300 300 300 0 

SIGNAL OUTPUT (Pins 10, II) 
Small Signal Gain' 50 50 50 dB 
Peak Differential Output' ±ISO ±ISO ±180 mV 
Output Resistance Either Pin to COM 75 75 75 0 
Quiescent Output Voltage Either Pin to COM -90 -90 -90 mV 

LOGARITHMIC OUTPUT" (Pin 14) 
Voltage Compliance Range -0.3 +Vs -I -0.3 +Vs -I -0.3 +Vs -I V 
Slope Current, Iy 0.95 1.00 1.05 0.98 1.00 1.02 0.98 1.00 1.02 mA 

Accuracy vs. Temperature 0.002 0.002 0.002 %rc 
T min to Tmu 0.98 1.02 mA 

Accuracy vs. Supply ±Vs=4.5V to 7.5V O.OS 1.0 O.OS 0.4 O.OS 0.4 %N 
Intercept Voltage', Vx 0.85 1.00 1.15 0.95 1.00 1.05 0.95 1.00 1.05 mV 

vs. Temperature 0.5 0.5 0.5 ",vrc 
Over Temperature Trnin to Tm,u: 0.90 1.10 mV 
vs. Supply ±Vs=4.5V to 7.5V 2 2 2 ",VN 

Logarithmic Offset 
(Alt. Definition of V xl -61.5 -60.0 -58.7 -60.5 -60.0 -59.5 -60.5 -60.0 -59.5 dBV 

vs. Temperature 0.004 0.004 0.004 dBf'C 
Over Temperature Tmin to Tmax -60.9 -59.1 dB 
vs. Supply ±Vs=4.5V to 7.5V 0.017 0.017 0.017 dBN 

Intercept Voltage Using Attenuator 8.25 10.0 11.75 9.0 10.0 11.0 9.0 10.0 11.0 mV 
Zero Signal Output Current' -0.2 -0.2 -0.2 mA 

ITC Disabled Pin StoCOM -0.27 -0.27 -0.27 mA 
Maximum Output Current 2.3 2.3 2.3 mA 

APPLICATIONS RESISTORS 
(Pins 15, 16, 17) 1.000 0.995 1.000 1.005 0.995 1.000 1.005 kO 

DC LINEARITY 
V1N=±lmVto ±IOOmV 0.35 1.2 0.35 0.6 0.35 0.6 dB 

TOTAL ABSOLUTE DC 
ACCURACY 

V1N=±lmVto ±IOOmV' 0.55 2 0.55 0.9 0.55 0.9 dB 
Over Temperature Tmio to Tmax 3 1.7 1.8 dB 
Over Supply Range ±Vs=4.5V to 7.5V 2 1.0 1.0 dB 

VIN=±0.75mV to ±200mV 1.0 3 1.0 2.0 1.0 2.0 dB 
Using Attenuator 

V1N=±IOmV to ±IV 0.4 2.5 0.4 1.5 0.4 1.5 dB 
Over Temperature Tmin toTmax 0.6 3 0.6 2.0 0.6 2.0 dB 

VIN =±7.5mV to 2V 1.2 3.5 1.2 2.5 1.2 2.5 dB 

POWER REQUIREMENTS 
Voltage Supply Range ±4.5 ±7.S ±4.5 ±7.5 ±4.5 ±7.5 V 
Quiescent Current9 

+Vs (Pin 12) Tmin to Tmax 9 15 9 15 9 15 mA 
-Vs (Pin 7) Tmin to Tmax 35 60 35 60 35 60 mA 
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AD640 
AC SPECIFICATIONS (vs = ±5V, TA = +25°C, unless otherwise noted) 

Model AD640J AD640B 
Parameter Conditions Min Typ Max Min Typ Max 

SIGNAL INPUT (Pins I, 20) 
Input Capacitance Either Pin to COM 2 2 
Noise Spectral Density 1kHz to 10MHz 2 2 
Tangential Sensitivity BW=JOOMHz -72 -72 

3dB BANDWIDTH 
Each Stage 350 350 
All Five Stages Pins I & 20 to 10& 11 145 145 

LOGARITHMIC OUTPUTS· 
Slope Current, Iy 

f<=IMHz 0.% 1.0 1.04 0.98 1.0 1.02 
f=30MHz 0.88 0.94 1.00 0.91 0.94 0.97 
f=60MHz 0.82 0.90 0.98 0.86 0.90 0.94 
f=90MHz 0.88 0.88 
f=120MHz 0.85 0.85 

Intercept, Dual AD640sI0• 11 

f<=IMHz -90.6 -88.6 -86.6 -89.6 -88.6 -87.6 
f=30MHz -87.6 -87.6 
f=60MHz -86.3 -86.3 
f=90MHz -83.9 -83.9 
f=120MHz -80.3 -80.3 

AC LINEARITY 
-4OdBm to _ldBm12 f=IMHz 0.5 2.0 0.5 1.0 
-35dBm to -IOdBm12 f=IMHz 0.25 1.0 0.25 0.5 
-75dBm to OdBmlO f=IMHz 0.75 3.0 0.75 1.5 
-70dBm to -IOdBmlo f=IMHz 0.5 2.0 0.5 1.0 
-75dBm to +15dBm13 f=JOkHz 0.5 3.0 0.5 1.5 

PACKAGE OPTION" 
20-Pin Ceramic DIP Package (D) AD640BD 
20-Pin Leadless Ceramic Chip Carrier (E) AD640BE 
20-Pin Plastic DIP Package (N) AD640JN 
20-Pin Plastic Leadless Chip Carrier (P) AD640JP AD640BP 

NUMBER OF TRANSISTORS 155 155 

NOTES 
lLogarithms to base 10 are used throughout. The response is independent of the sign of VIN. 
2Attenuation ratio trimmed to calibrate intercept to lOmV when in use. It has a temperature coefficient of +O.3%?C. 
3The zero-signal current is a function of temperature unless internal temperature compensation (ITe) pin is grounded. 
40verall gain is trimmed using a ±200fJ. V square wave at 2kHz, corrected for the onset of compression. 

Min 

0.98 
0.91 
0.86 

-89.6 

sThe fully limited signal output will appear to be a square wave; its amplitude is proportional to absolute temperature. 
·Currents defmed as flowing into Pin 14. See FUNDAMENTALS OF LOGARITHMIC CONVERSION for full expJaoation of 
scaling concepts. Slope is measured by linear regression over central region of transfer function. 

7The logarithmic intercept in dBV (decibels relative to IV) is defined as 20 LOGlO (VxIlV). 

AD640T 
Typ Max Units 

2 pF 
2 nVIYHz 
-72 dBm 

350 MHz 
145 MHz 

1.0 1.02 mA 
0.94 0.97 mA 
0.90 0.94 mA 
0.88 mA 
0.85 mA 

-88.6 -87.6 dBm 
-87.6 dBm 
-86.3 dBm 
-83.9 dBm 
-80.3 dBm 

0.5 1.0 dB 
0.25 0.5 dB 
0.75 1.5 dB 
0.5 1.0 dB 
0.5 1.5 dB 

AD640TD 
AD640TE 

155 

80perating in circuit of Figure 24 using ±O.l % accurate values for RLA and RLB• Includes slope and nonlinearity errors. Input offset errors also included for 
VIN >3mV dc, and over the full input range in ac applications. 

"EssentiaJly independent of supply voltages. 
lOUsing the circuit of Figure 27, using cascaded AD640s aod offset nulling. Input is sinusoidal, OdBm in SO!l=223mV rms. 
lIFor a sinusoidal signal (see EFFECT OF WAVEFORM ON INTERCEPT). Pin 8 on second AD640 must be grounded to ensure temperature stability 

of intercept for dual AD640 system. 
12Using the circuit of Figure 24, using single AD640 aud offset nulling. Input is sinusoidal, OdBm in SO!l=223mV rms. 
13Using the circuit of Figure 32, using cascaded AD640s and attenuator. Square wave input. 
14Por outline information see Package Information section. 

All min and max specifications are guaranteed) but only those in boldface are 100% tested on all production units. Results from those tests are used 
to calculate outgoing quality levels. 
Specifications subject to change without notice. 

THERMAL CHARACTERISTICS 

REV. A 

20-Pin Ceramic DIP Package (D-20) 
20-Pin Leadless Ceramic Chip Carrier (E-20A) 
20-Pin Plastic DIP Package (N-20) 
20-Pin Plastic Leadless Chip Carrier (P-20A) 

25 
25 
24 
28 

85 
85 
61 
75 
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AD640 
ABSOLUTE MAXIMUM RATlNGS* 

Supply Voltages ..........•...........•... ±7.5V 
Input Voltage (Pin 1 or Pin 20 to COM) .... -3V to +300mV 
Attenuator Input Voltage (Pin 5 to Pin 3/4) ••••..•••. ±4V 
Storage Temperature Range D, E ........ -65°C to + 1500C 
Storage Temperature Range N, P ........ -65OC to +125°C 
Ambient Temperature Range, Rated Performance 

Industrial, AD640B ..••............ -4QOC to +85OC 
Military, AD640T ................ -55°C to +125OC 
Commercial, AD640J .................. 0 to +70OC 

Lead Temperature Range (Soldering 6Osec) .••••.•• +3000c 

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

81.2 

BIG 
OUT 

SIG+ 
OUT 

+v. 

CHIP DIMENSIONS AND 
BONDING DIAGRAM 

Dimensions shown in inches and (mm). 

LOG AGO RG1 CKT 
OOM OOM 

1-'1<<-------0.171 (4 ..... ' -------l .. ~1 

Model 

AD640JN 
AD640JP 
AD640BD 
AD640BE 
AD640BP 

ORDERING GUIDE 

Temperature 
Range 

OOC to +ZOOC 
OOC to +700c 
-4OOC to + 85"C 
-4OOC to + 85"C 
-4OOC to + 85"C 

Package 
Description 

Plastic DIP 
Plastic Leaded Chip Camer 
Side Brazed Ceramic DIP 
CeramicLea&e~O¥pCuri~ 
Plastic Leaded Chip Cam~ 

AD640TD/883B - 550C to + 125"C Side Brazed Ceramic DIP 
5962-9095501MRA 
AD640TEl883B -55OC to + 125"C Ceramic Lead,less Cbip Cam~ 
5962-9095501M2A 
AD640TCHIP -55°C to + l25°C Chip 

CONNECTION DIAGRAMS 

20-Pin Ceramic DIP (D) Package 
20-Pin Plastic (DIP (N) Package 

20-Pin PLCC (P) Package 

h H& 
~ ~ s a ~ 

-".1 

20-Pin LCC (E) Package 
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u .--INoi to S .. I 

Typical Perfonnance (DC: Figures 1-9, AC: Figures 10-15) 
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Figure 1. Slope Current, Iy VS. 
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Figure 2. Intercept Voltage, VX, VS. 
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Figure 4. Intercept Voltage, Vx, 
vs. Supply Voltages 

Figure 5. Intercept Voltage (Using 
Attenuator) vs. Temperature 

Figure 6. Input Offset Voltage 
Deviation vs. Temperature 
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Figure 7. DC Logarithmic Transfer 
Function and Error Curve for Single 
AD640 

Figure 8. Absolute Error vs. Tem
perature, V,N = ±1 mVto ±100mV 

Figure 9. Absolute Error vs. 
Temperature, Using Attenuator. 
V'n = ±10mVto ±1 V, Pin 8 
Grounded to Disable ITC Bias 
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Figure 10. AC Response at 30MHz, 60MHz, 90MHz and 
120MHz, vs. dBm Input (Sinusoidal Input) 
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Figure 12. Slope Current, Iy, vs. Input Frequency 
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Figure 11. Logarithmic Response and Linearity at 60MHz, 
TA for TA=-55°C, +25°C, +125°C 
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AD640s - Sinusoidal Input) 
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AD640 

Figure 14. Baseband Pulse Response of Single AD640, 
Inputs of 1m V, 10mVand 100mV 

CIRCUIT DESCRIPTION 
The AD640 uses five cascaded limiting amplifiers to approxi
mate a logarithmic response to an input signal of wide dynamic 
range and wide bandwidth. This type of logarithmic amplifier 
has traditionally been assembled from several small scale ICs 
and numerous external components. The performance of these 
semidiscrete circuits is often unsatisfactory. In particular, the 
logarithmic slope and intercept (see FUNDAMENTALS OF 
LOGARITHMIC CONVERSION) are usually not very stable in 
the presence of supply and temperature variations even after 
laborious and expensive individual calibration. The AD640 
employs high precision analog circuit techniques to ensure 
stability of scaling over wide variations in supply voltage and 
temperature. Laser trimming, using ac stimuli and operating 
conditions similar to those encountered in practice, provides 
fully calibrated logarithmic conversion. 

Each of the amplifierllimiter stages in the AD640 has a small 
signal voltage gain of IOdB (x3.162) and a -3dB bandwidth of 
3S0MHz. Fully differential direct coupling is used throughout. 
This eliminates the many interstage coupling capacitors usually 
required in ac applications, and simplifies low frequency signal 
processing, for example, in audio and sonar systems. The 
AD640 is intended for use in demodulating applications. Each 
stage incorporates a detector (a full wave transconductance recti
fier) whose output current depends on the absolute value of its 
input voltage. 

Figure 16 is a simplified schematic of one stage of the AD640. 
All transistors in the basic cell operate at near zero collector to 
base voltage and low bias currents, resulting in low levels of 
thermally induced distortion. These arise when power shifts 
from one set of transistors to another during large input signals. 
Rapid recovery is essential when a small signal immediately fol
lows a large one. This low power operation also contributes sig
nificantly to the excellent long term calibration stability of the 
AD640. 

Figure 15. Baseband Pulse Response of Cascaded 
AD640s, at Inputs of O.2mV, 2mll, 20m V and 200m V 

The complete AD640, shown in Figure 17, includes two bias 
regulators. One determines the small signal gain of the amplifier 
stages; the other determines the logarithmic slope. These bias 
regulators maintain a high degree of stability in the resulting 
function by compensating for potentia11y large uncertainties 
in transistor parameters, temperature and supply voltages. A 
third biasing block is used to accurately control the logarithmic 
intercept. 

By summing the signals at the output of the detectors, a good 
approximation to a logarithmic transfer function can be 
achieved. The lower the stage gain, the more accurate the 
approximation, but more stages are then needed to cover a given 
dynamic range. The choice of 10dB results in a theoretical peri
odic deviation or ripple in the transfer function of ±O.lSdB 
from the ideal response when the input is either a dc voltage 
or a square wave. The slope of the transfer function is un
affected by the input waveform; however, the intercept and rip-

LOGOUT LOG COM 

Figure 16. Simplified Schematic of a Single AD640 Stage 
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Figure 17. Block Diagram of the Complete AD640 
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pie are waveform dependent (see EFFECT OF WAVEFORM 
ON INTERCEPT). The input will usually be an amplitude 
modulated sinusoidal carrier. In these circumstances the output 
is a fluctuating current at twice the carrier frequency (because of 
the full wave detection) whose average value is extracted by an 
external low pass filter, which recovers a logarithmic measure of 
the baseband signal. 

Circuit Operation 
With reference to Figure 16, the transconductance pair Q7, QS 
and load resistors R3 and R4 form a limiting amplifier having a 
small signal gain of 10dB, set by the tail current of nomina1ly 
Z.lSmA at Z7°C. This current is basically proportional to abso
lute temperature (PT AT) but includes additional current to 
compensate for finite beta and junction resistance. The limiting 
output voltage is ±ISOmV at Z7°C and is PTAT. Emitter 
followers Ql and QZ raise the input resistance of the stage, 
provide level shifting to introduce collector bias for the gain 
stage and detectors, reduce offset drift by forming a thermally 
balanced quad with Q7 and QS and generate the detector bias
ing across resistors Rl and RZ. 

Transistors Q3 through Q6 form the full wave detector, whose 
output is buffered by the cascodes Q9 and QlO. For zero input 
Q3 and QS conduct only a small amount (a total of about 3ZI-\A) 
of the S65",A tail currents supplied to pairs Q3-Q4 and QS-Q6. 
This "pedestal" current flows in output cascode Q9 to the LOG 
OUT node (Pin 14). When driven to the peak output of the pre
ceding stage, Q3 or Q5 (depending on signal polarity) conducts 
most of the tail current, and the output rises to 53ZI-\A. The 
LOG OUT current has thus changed by SOO",A as the input has 
changed from zero to its maximum value. Since the detectors 
are spaced at IOdB intervals, the output increases by SO,..AIdB, 
or lmA per decade. This scaling parameter is trimmed to abso
lute accuracy using a ZkHz square wave. At frequencies near the 
system bandwidth, the slope is reduced due to the reduced out
put of the limiter stages, but it is still relatively insensitive to 
temperature variations so that a simple external slope adjustment 
can restore scaling accuracy. 

The intercept position bias generator (Fignre 17) removes the 
pedestal current from the summed detector outputs. It is 
adjusted during manufacture such that the output (flowing into 
Pin 14) is lmA when a ZkHz square-wave input of exactly 
±lOmV is applied to the AD640. This places the dc intercept at 
precisely lmV. The LOG COM output (Pin 13) is the comple
ment of LOG OUT. It also has a lmV intercept, but with an 
inverted slope of -lmAldecade. Because its pedestal is very 
large (equivalent to about lOOdB), its intercept voltage is not 
guaranteed. The intercept positioning currents include a special 
internal temperature compensation (ITC) term which can be 
disabled by connecting Pin S to ground. 

The logarithmic function of the AD640 is absolutely calibrated 
to within ±O.3dB (or ±lS",A) for ZkHz square-wave inputs of 
±lmV to ±lOOmV, and to within ±ldB between ±7S0",V and 
±ZOOmV. Figure IS is a typical plot of the dc transfer function, 
showing the outputs at temperatures of -55OC, + Z50C and 
+ 1Z5OC. While the slope and intercept are seen to be little 
affected by temperature, there is a lateral shift in the end points 
of the "linear" region of the transfer function, which reduces 
the effective dynamic range. The cause of this shift is explained 
in FUNDAMENTALS OF LOGARITHMIC CONVERSION. 
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Figure 18. Logarithmic Output and Absolute Error vs. DC 
or Square Wave Input at TA = -55°C, +25°C, Input Direct 
to Pins 1 and 20 
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Figure 19. Logarithmic Output and Absolute Error vs. DC 
or Square Wave Input at TA = -55°C, +25°C, +85°C and 
+ 125OC. Input via On-Chip Attenuator 

The on chip attenuator can be used to handle input levels ZOdB 
higher, that is, from ±7.5mV to ±ZV for dc or square wave 
inputs. It is specially designed to have a positive temperature 
coefficient and is trimmed to position the intercept at 10m V dc 
(or -Z4dBm for a sinusoidal input) over the full temperature 
range. When using the attenuator the internal bias compensation 
should be disabled by grounding Pin S. Figure 19 shows the 
output at -55OC, +Z5°C, +S5°C and + 1ZSoC for a single 
AD640 with the attenuator in use; the curves overlap almost 
perfectly, and the lateral shift in the transfer function does 
not occur. Therefore, the full dynamic range is available at all 
temperatures. 

The output of the fmallimiter is available in differential form at 
Pins 10 and 11. The output impedance is 750 to ground from 
either pin. For most input levels, this output will appear to have 
roughly a square waveform. The signal path may be extended 
using these outputs (see OPERATION OF CASCADED 
AD640s). The logarithmic outputs from two or more AD640s 
can be directly summed with full accuracy. 

A pair of 1kO applications resistors, RGl and RGZ (Figure 17) 
are accessed via Pins IS, 16 and 17. These can be used to con
vert an output current to a voltage, with a slope of IV/decade 
(using one resistor), ZV/decade (both resistors in series) or 
O.5V/decade (both in parallel). Using all the resistors from two 
AD640s (for example, in a cascaded configuration) ten slope 
options from O.ZSV to 4V/decade are available. 

SIGNAL COMPRESSION COMPONENTS 3-37 



AD640 
FUNDAMENTALS OF LOGARITHMIC CONVERSION 
The conversion of a signal to its equivalent logarithmic value 
involves a nonlinear operation, the consequences of which can be 
very confusing if not fully understood. It is important to realize 
from the outset that many of the familiar concepts of linear cir
cuits are of little relevance in this context. For example, the 
incremental gain of an ideal logarithmic converter approaches 
infinity as the input approaches zero. Further, an offset at the 
output of a linear amplifier is simply equivalent to an offset at 
the input, while in a logarithmic converter it is equivalent to a 
change of amplitude at the input - a very different relationship. 

We assume a dc signal in the following discussion to simplify 
the concepts; ac behavior and the effect of input wavefonn on 
calibration are discussed later. A logarithmic converter having a 
voltage input VIN and output VOUT must satisfy a transfer func
tion of the fonn 

Equation (I) 

where Vy and V x are fixed voltages which detennine the scaling 
of the converter. The input is divided by a voltage because the 
argument of a logarithm has to be a simple ratio. The logarithm 
must be multiplied by a voltage to develop a voltage output. 
These operations are not, of course, carried out by explicit com
putational elements, but are inherent in the behavior of the con
verter. For stable operation, Vx and Vy must be based on 
sound design criteria and rendered stable over wide temperature 
and supply voltage extremes. This aspect of RF logarithmic 
amplifier design has traditionally received little attention. 

When V,N=VX ' the logarithm is zero. Vx is, therefore, 
called the Intercept Voltage, because a graph of VOUT versus 
LOG (V,N) - ideally a straight line - crosses the horizontal 
axis at this point (see Figure 20). For the AD640, Vx is cali
brated to exactly 1m V. The slope of the line is directly propor
tional to Vy. Base 10 logarithms are used in this context to 
simplify the relationship to decibel values. For V,N = 10Vx , the 
logarithm has a value of 1, so the output voltage is Vy. At 
VIN = 100Vx, the output is 2Vy, and so on. Vy can therefore be 
viewed either as the Slope Voltage or as the Volts per Decade 
Factor. 

The AD640 confonns to Equation (1) except that its two out
puts are in the form of currents, rather than voltages: 

IouT=Iy LOG (V,NNx) Equation (2) 

+ 
I 
°l-r--------~------~~-------+--------

ACTUAL V1N=V)( V 1N =10Vx V1N = l00V" INPUT ON 

IDEAL ~// LOG SCALE 

Figure 20. Basic DC Transfer Function of the AD640 
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Iy, the Slope Current, is lmA. The current output can readily 
be converted to a voltage with a slope of IV Idecade, for exam
ple, using one of the lk!l resistors provided for this purpose, in 
conjunction with an op amp, as shown in Figure 21. 

LOG LOG +Vs. SIG 
OUT COM +OUT 

ADS.O 

Figure 21. Using an External Op Amp to Convert the 
AD640 Output Current to a Buffered Voltage Output 

Intercept Stabilization 
Internally, the intercept voltage is a fraction of the thennal volt
age kT/q, that is, Vx=VxoTlTo' where Vxo is the value ofVx 
at a reference temperature To. So the uncorrected transfer func
tion has the fonn 

Equation (3) 

Now, if the amplitude of the signal input V,N could somehow 
be rendered PTAT, the intercept would be stable with tempera
ture, since the temperature dependence in both the numerator 
and denominator of the logarithmic argument would cancel. 
This is what is actually achieved by interposing the on-chip 
attenUator, which has the necessary temperature dependence to 
cause th.e input to the first stage to vary in proportion to abso
lute temperature. The end limits of the dynamic range are now 
totally independent of temperature. Consequently, this is the pre
ferred method of intercept stabilization for applications where 
the input signal is sufficiently large. 

When the attenuator is not used, the PTAT variation in Vx will 
result in the intercept being temperature dependent. Near 300K 
(27°C) it will vary by 20LOG (3011300) dBre, about 0.03dBrC. 
Unless corrected, the whole output function would drift up or 
down by this amount with changes in temperature. In the 
AD640 a tempemture compensating current IyLOG(TlTo) is 
added to the output. This effectively maintains a constant inter
cept V xo. This correction is active in the default state (Pin 8 
open circuited). When using the attenuator, Pin 8 should be 
grounded, which disables the compensation current. The drift 
tenn needs to be compensated only once; when the outputs of 
two AD640s are summed, Pin 8 should be grounded on at least 
one of the two devices (both if the attenuator is used). 

Conversion Range 
Practica1logarithmic converters have an upper and lower limit 
on the input, beyond which errors increase mpidly. The upper 
limit occurs when the first stage in the chain is driven into limit
ing. Above this, no further increase in the output can occur and 
the transfer function flattens off. The lower limit arises because 
a fmite number of stages provide finite gain, and therefore at 
low signal levels the system becomes a simple linear amplifier. 
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Fundamentals of Logarithmic Conversion - AD640 
Note that this lower limit is not determined by the intercept 
voltage, V x; it can occur either above or below V x' depending 
on the design. When using two AD640s in cascade, input offset 
voltage and wideband noise are the major limitations to low level 
accuracy. Offset can be eliminated in various ways. Noise can 
only be reduced by lowering the system bandwidth, using a fil
ter between the two devices. 

EFFECT OF WAVEFORM ON INTERCEPT 
The absolute value response of the AD640 allows inputs of 
either polarity to be accepted. Thus, the logarithmic output in 
response to an amplitude-symmetric square wave is a steady 
value. For a sinusoidal input the fluctuating output current will 
usually be low pass filtered to extract the baseband signal. The 
unfiltered output is at !Wice the carrier frequency, simplifying 
the design of this filter when the video bandwidth must be max
imized. The averaged output depends on waveform in a roughly 
analogous way to waveform dependence of rms value. The effect 
is to change the apparent intercept voltage. The intercept volt
age appears to be doubled for a sinusoidal input, that is, the 
averaged output in response to a sine wave of amplitude (not rms 
value) of 20mV would be the same as for a dc or square wave 
input of lOmV. Other waveforms will result in different inter
cept factors. An amplitude-symmetric-rectangular waveform has 
the same intercept as a dc input, while the average of a base" 
band unipolar pulse can be determined by multiplying the 
response to a dc input of the same amplitude by the duty cycle. 
It is important to understand that in responding to pulsed RF 
s.ignals it is the waveform of the camer (usually sinusoidal) not 
the modulation envelope, that determines the effective intercept 
voltage. Table I shows the effective intercept and resulting deci
bel offset for commonly occurring waveforms. The input wave
form does not affect the slope of the transfer function. Figure 22 
shows the absolute deviation from the ideal response of cascaded 
AD640s for three common waveforms at input levels from 
-SOdBV to -IOdBV. The measured sine wave and triwave 
responses are 6dB and S.7dB, respectively, below the square 
wave response - in agreement with theory. 

Input Peak Intercept Error (Relative 
Waveform orrms Factor to a dc Input) 

Square Wave Either I O.OOdB 
Sine Wave Peak 2 -6.02dB 
Sine Wave rms 1.414(YZ) -3.01dB 
Triwave Peak 2.718 ee) -8.68dB 
Triwave rms 1.569 (elY?') -3.91dB 
Gilussian Noise rms 1.887 -5.52dB 

Table I 

Logarithmic Conformance and Waveform 
The waveform also affects the ripple, or periodic deviation from 
an ideal logarithmic response. The ripple is greatest for de or 
square wave inputs because every value of the input voltage 
maps to a single location on the transfer function and thus traces 
out the full nonlinearities in the logarithmic response. 
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Figure 22. Deviation from Exact Logarithmic Transfer 
Function for Two Cascaded AD640s, Showing Effect of 
Waveform on Calibration and Linearity 

By contrast, a general time varying signal has a continuum of 
values within each cycle of its waveform. The averaged output is 
thereby "smoothed" because the periodic deviations away from 
the ideal response, as the waveform "sweeps over" the transfer 
function, tend to cancel. This smoothing effect is greatest for a 
triwave input, as demonstrated in Figure 22. 

The accuracy at low signal inputs is also waveform dependent. 
The detectors are not perfect absolute value circuits, having a 
sharp "comer" near zero; in fact they become parabolic at low 
levels and behave as if there were a dead zone. Consequently, 
the output tends to be higher than ideal. When there are enough 
stages in the system, as when two AD640s are connected in cas
cade, most detectors will be adequately loaded due to the high 
overall gain, but a single AD640 does not have sufficient gain to 
maintain high accuracy for low level sine wave or triwave 
inputs. Figure 23 shows the absolute deviation from calibration 
for the same three waveforms for a single AD640. For inputs 
between -IOdBV and -40dBV the vertical displacement of the 
traces for the various waveforms remains in agreement with the 
predicted dependence, but significant calibration errors arise at 
low signal levels. 
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SIGNAL COMPRESSION COMPONENTS 3-39 

• 



AD640 
SIGNAL MAGNITUDE 
The AD640 is a calibrated device. It is, therefore, important to 
be clear in specifying the signal magnitude under all waveform 
conditions. For dc or square wave inputs there is, of course, no 
ambignity. Bounded periodic signals, such as sinusoids and tri
waves, can be specified in terms of their simple amplitude (peak 
value) or alternatively by their rms value (which is a measure of 
power when the impedance is specifie<l). It is generally better to 
define this type of signal in terms of its amplitude because the 
AD640 response is a consequence of the input voltage, not 
power. However, provided that the appropriate value of inter
cept for a specific waveform is observed, rms measures may be 
used. Random waveforms can only be specified in terms of rms 
value because their peak value may be unbounded, as is the case 
for Gaussian noise. These must be treated on a case-by-case 
basis. The effective intercept given in Table I should be used 
for Gaussian noise inputs. 

On the other hand, for bounded signals the amplitude can be 
expressed either in volts or dBV (decibels relative to IV). For 
example, a sine wave or triwave of lmV amplitude can also be 
defmed as an input of -60dBV, one of 100mV amplitude as 
- 20dBV, and so on. RMS value is usually expressed in dBm 
(decibels above lmW) for a specified impedance level. Through
out this data sheet we assume a son environment, the customary 
impedance level/or high speed systems, when referring to signal puw
ers in dBm. Bearing in mind the above discussion of the effect of 
waveform on the intercept calibration of the AD640, it will be 
apparent that a sine wave at a power of, say, - 10dBm will not 
produce the same output as a tdwave or square wave of the 
same power. Thus, a sine wave at a power level of -lOdBm ha~ 
an rms value of 70.7mV or an amplitude of 100mV (that is, '1/2 
times as large, the ratio of amplitude to rms value for a sine 
wave), while a triwave of the same power has an amplitude 
which is V3 or 1.73 times its rms value, or l22.SmV. 

"Intercept" and "Logarithmic Offset" 
If the signals are expressed in dBV, we can write the output 
current in a simpler form, as 

IoUT=50",A (InputdBV - XdBV) Equation (4) 

where InpU~Bv is the input voltage amplitude (not rms) in dBV 
and ~BV is the appropriate value of the intercept (for a given 
waveform) in dBV. This form shows more clearly why the inter-
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cept is often referred to as the logarithmic offset. For de or 
square wave inputs, Vx is lmV so the numerical value ofX.mv 
is -60, and Equation (4) becomes 

lOUT = SOjLA (Input.mv + 60) Equation (S) 

Alternatively, for a sinusoidal input measured in dBm (power in 
dB above lmW in a son system) the output can be written 

IOUT=SOjLA (InputdBm + 44) Equation (6) 

because the intercept for a sine wave expressed in volts rms is at 
1.4l4mV (from Table I) or -44dBm. 

OPERATION OF A SINGLE AD640 
Figure 24 shows the basic connections for a single device, using 
lOOn load resistors. Output A is a negative going voltage with a 
slope of -lOOmV per decade; output B is positive going with a 
slope of + lOOmV per decade. For applications where absolute 
calibration of the intercept is essential, the main output (from 
LOG OUT, Pin 14) should be used; the LOG COM output can 
then be grounded. To evaluate the demodulation response, a 
simple low pass output filter having a time constant of roughly 
SOO",s (3dB comer of 320Hz) is, provided by a 4.7",F (-20% 
+80%) ceramic capacitor (Erie type RPE117-ZSU-47S-KSOV) 
placed across the load. A DVM may be used to measure the 
averaged output in verification tests. The voltage compliance at 
Pins 13 and 14 extends froin O.3V below ground up to IV below 
+VS. Since the current into Pin 14 is from -0.2mA at zero sig
nal to +2.3mA when fully limited (de input of >300mV) the 
output never drops below -23OmV. On the other hand, the cur
rent out of Pin 13 ranges from -0.2mA to +2.3mA, and if 
desired, a load resistor of up to 2kn can be used on this output; 
the slope would then be 2V per decade. Use of the LOG COM 
output in this way provides a numerically correct decibel read
ing on a DVM ( + 100m V = + 1.00dB). 

Board layout is very important. The AD640 has both high gain 
and wide bandwidth; therefore every signal path must be very 
carefully considered. A high quality ground plane is essential, 
but it should not be assumed that it behaves as an equipotential 
plane. Even though the application may only call for modest 
bandwidth, each of the three differential signal interface pairs 
(SIG IN, Pins 1 and 20, SIG OUT, Pins 10 and 11, and LOG, 
Pins 13 and 14) must have their own "starred" ground points to 
avoid oscillation at low signa1levels (where the gain is highest). 

100 +5V 

~~~~---------
OUTPUT A 

-BV 

Figure 24. Connections for a Single AD640 to Verify Basic Performance 
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Unused pins (excluding Pins 8, 10 and 11) such as the attenua
tor and applications resistors should be grounded close to the 
package edge. BLI (Pin 6) and BL2 (Pin 9) are internal bias 
lines a volt or two above the - V s node; access is provided solely 
for the ,addition of decoupling capacitors, which should be con
nected exactly as shown (not all of them connect to the ground). 
Use low impedance ceramic O.I .... F capacitors (for example, Erie 
RPEI13-ZSU-IOS-KSOV). Ferrite beads may be used instead of 
supply decoupling resistors in cases where the supply voltage is 
low. 

Active Current-to-Voltage Conversion 
The compliance at LOG OUT limits the available output voltage 
swing. The output of the AD640 may be converted to a larger, 
buffered output voltage by the addition of an operational ampli
fier connected as a current-to-voltage (transresistance) stage, as 
shown in Figure 21. Using a 2kn feedback resistor (RZ) the 
SO .... AldB output at LOG OUT is converted to a voltage having 
a slope of + 100mVldB, that is, 2V per decade. This output 
ranges from roughly -O.4V for zero signal inputs to the AD640, 
crosses zero at a dc input of precisely + ImV (or -lmV) and is 
+4V for a dc input of lOOmV. A passive prefilter, formed by 
Rl and Cl, minimizes the high frequency energy conveyed to 
the op amp. The corner frequency is here shown as IOMHz. 
The AD844 is recommended for this application because of its 
excellent performance in transresistance modes. Its bandwidth of 
3SMHz (with the 2kn feedback resistor) will exceed the base
band response of the system in most applications. For lower 
bandwidth applications other op amps and multipole active 
filters may be substituted (see, for example, Figure 32 in the 
APPLICATIONS section). 

Effect of Frequency on Calibration 
The slope and intercept of the AD640 are calibrated during 
manufacture using a 2kHz square wave input. Calibration 
depends on the gain of each stage being 10dB. When the input 
frequency is an appreciable fraction of the 3S0MHz bandwidth 
of the amplifier stages, their gain becomes imprecise and the 
logarithmic slope and intercept are no longer fully calibrated. 
However, the AD640 can provide very stable operation at fre
quencies up to about one half the 3dB frequency of the ampli
fier stages. Figure 10 shows the averaged output current versus 
input level at 30MHz, 60MHz, 90MHz and 120MHz. Figure 11 
shows the absolute error in the response at 60MHz and at tem
peratures of - SsoC, + 2SoC and + 12SoC. Figure 12 shows the 
variation in the slope current, and Figure 13 shows the variation 
in the intercept level (sinusoidal input) versus frequency. 

If absolute calibration is essential, or some other value of slope 
or intercept is required, there will usually be some point in the 
user's system at which an adjustment may be easily introduced. 
For example, the S% slope deficit at 30MHz (see Figure 12) 
may be restored by a S% increase in the value of the load resis
tor in the passive loading scheme shown in Figure 24, or by 
inserting a trim potentiometer of lOOn in series with the feed
back resistor in the scheme shown in Figure 21. The intercept 
can be adjusted by adding or subtracting a small current to the 
output. Since the slope current is lmA1decade, a SO .... A incre
ment will move the intercept by IdB. Note that any error in this 
current will invalidate the calibration of the AD640. For exam
ple, if one of the the SV supplies were used with a resistor to 
generate the current to reposition the intercept by 20dB, a 
± 10% variation in this supply will cause a ± 2dB error in the 
absolute calibration. Of course, slope calibration is unaffected. 
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Using the AD640 
Source Resistance and Input Offset 
The bias currents at the signal inputs (Pins 1 and 20) are typi
cally 7 .... A. These flow in the source resistances and generate 
input offset voltages which may limit the dynamic range because 
the AD640 is direct coupled and an offset is indistinguishable 
from a signal. It is good practice to keep the source resistances 
as low as possible and to equalize the resistance seen at each 
input. For example, if the source resistance to Pin 20 is lOOn, a 
compensating resistor of lOOn should be placed in series with 
Pin 1. The residual offset is then due to the bias cwrent offset, 
which is typically under I .... A, causing an extra offset uncertainty 
of 100 .... V in this example. For a single AD640 this will rarely be 
troublesome, but in some applications it may need to be nulled 
out, along with the internal voltage offset component. This may 
be achieved by adding an adjustable voltage of up to ±2S0 .... V at 
the unused input. (Pins 1 and 20 may be interchanged with no 
change in function.) 

In most applications there will be no need to use any offset 
adjustment. However, a general offset trimming circuit is shown 
in Figure 2S. Rs is the source resistance of the signal. Note: son 
if sources may include a blocking capacitor and have no dc path to 
ground, or may be transform£r coupled and have a near zero resis
tance to ground. Determine whether the source resistance is zero, 
2Sn or son (with the generator terminated in SOn) to find the 
correct value of bias compensating resistor, RB, which should 
optimally be equal to Rs, unless Rs = 0, in which case use 
RB = sn. The value of Ros should be set to 20,000RB to provide 
a ±2S0 .... V trim range. To null the offset, set the source voltage 
to zero and use a DVM to observe the logarithmic output volt
age. Recall that the LOG OUT current of the AD640 exhibits 
an absolute value response to the input voltage, so the offset 
potentiometer is adjusted to the point where the logarithmic out
put "turns around" (reaches a local maximum or minimum). 

At high frequencies it may be desirable to insert a coupling 
capacitor and use a choke between Pin 20 and ground, when 
Pin 1 should be taken directly to ground. Alternatively, trans
former coupling may be used. In these cases, there is no added 
offset due to bias currents. When using two dc coupled AD640s 
(overall gain 100,000), it is impractical to maintain a sufficiently 
low offset voltage using a manual nulling scheme. The section 
CASCADED OPERATION explains how the offset can be 
automatically nulled to submicrovolt levels by the use of a nega
tive feedback network. 

+5V 

-I 
-5V 

R, 

(SOURCE 
RESISTANCE 

OF TERMINATED 20 
GENERATORI 

R. 

RDs 

AD640 

Figure 25. Optional Input Offset Voltage Nulling Circuit; 
See Text for Component Values 
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AD640 
Using Higher Supply Voltages 
The AD640 is calibrated using ±5V supplies. Scaling is very 
insensitive to the supply voltages (see dc SPECIFICATIONS) 
and higher supply voltages will not directly cause significant 
errors. However, the AD640 power dissipation must be kept 
below 500mW in the interest of reliability and long term stabil
ity. When using well regulated supply voltages above ±6V, the 
decoupling resistors shown in the application schematics can be 
increased to maintain ± 5V at the IC. The resistor values are 
calculated using the specified maximum of 15mA current into 
the + V s terminal (Pin 12) and a maximum of 60mA into the 
-Vs terminal (Pin 7). For example, when using ±9V supplies, 
a resistor of (9V-5V)/15mA, about 2610, should be included in 
the +Vs lead to each AD640, and (9V-5V)/60mA, about 64.90, 
in each -V s lead. Of course, asymmetric supplies may be dealt 
with in a similar way. 

SIG ATN 
+IN OUT 

Figure 26. Details of the Input Attenuator 

X DENOTES A CONNECTION TO THE 
GROUND PLANE; OBSERVE COMMON 
CONNECTIONS WHERE SHOWN. 
ALL UNMARKED CAPACITORS ARE 
O.lp.F CERAMIC. FOR VALUES OF 
NUMBERED COMPONENTS SEE TEXT. 

SIGNAL INPUT 

100 100 

4.70 

Using the Attenuator 
In applications where the signal amplitude is sufficient, the on
chip attenuator should be used because it provides a tempera
ture independent dynamic range (compare Figures 18 and 19). 
Figure 26 shows this attenuator in more detail. RI is a thin fIlm 
resistor of nominally 2700 and low temperature coefficient 
(TC). It is trimmed to calibrate the intercept to lOmV dc (or 
- 24dBm for sinusoidal inputs), that is, to an attenuation of 
nominally 20dBs at 27°C. R2 has a nominal value of 300 and 
has a high positive TC, such that the overall attenuation factor 
is 0.33%rC at 27°C. This results in a transmission factor that is 
proportional to absolute temperature, or PTA T. (See Intercept 
Stabilization for further explanation.) To improve the accuracy 
of the attenuator, the ATN COM nodes are bonded to both Pin 
3 and Pin 4. These should be connected directly to the "SIGNAL 
LOW" of the source (for example, to the grounded side of the 
signal connector, as shown in Figure 32) not to an arbitrary 
point on the ground plane. 

R4 is identical to R2, and in shunt with R3 (2700 thin fIlm) 
forms a 270 resistor with the same TC as the output resistance 
of the attenuator. By connecting Pin I to ATN LOW (Pin 2) 
this resistance minimizes the offset caused by bias currents. The 
offset nulling scheme shown in Figure 25 may still be used, with 
the external resistor RB omitted and Ros = 500kO. Offset stabil
ity is improved because the compensating voltage introduced at 
Pin 20 is now PTAT. Drifts of under 1jJoVrC (referred to Pins I 
and 20) can be maintained using the attenuator. 

It may occasionally be desirable to attenuate the signal even fur
ther. For example, the source may have a full scale value of 
± IOV, and since the basic range of the AD640 extends only to 
±20OmV dc, an attenuation factor of x50 might be chosen. 
This may be achieved either by using an independent external 
attenuator or more simply by adding a resistor in series with 
ATN IN (Pin 5). In the latter case the resistor must be trimmed 
to calibrate the intercept, since the input resistance at Pin 5 is 
not guaranteed. A fixed resistor of 1kO in series with a 5000 
variable resistor calibrate to an intercept of 50m V (or - 26dBV) 
for dc or square wave inputs and provide a ± 10V input range. 
The intercept stability will be degraded to about 0.003dBrc. 

lmA/DECADE .. 
100 100 

4.70 

+5V 

OUTPUT 
-50mVlDECADE 

R.=500 

-5V 

Figure 27. Basic Connections for Cascaded AD640s 
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OPERATION OF CASCADED AD640s 
Frequently, the dynamic range of the input will be 50dB or 
more. AD640s can be cascaded, as shown in Figure 27. The 
balanced signal output from VI becomes the input to V2. Resis
tors are included in series with each LOG OVT pin and capaci
tors C I and C2 are placed directly between Pins 13 and 14 to pro
vide a local path for the RF current at these output pairs. CI 
through C3 are chosen to provide the required low pass corner 
in conjunction with the load RL. Board layout and grounding 
disciplines are critically important at the high gain (XIOO,OOO) 
and bandwidth (-150MHz) of this system. 

The intercept voltage is calculated as follows. First, note that if 
its LOG OVT is disconnected, VI simply inserts 50dB of gain 
ahead of V2. This would lower the intercept by 50dB, to 
-IIOdBV for square wave calibration. With the LOG OVT of 
VI added in, there is a fmite zero signal current which slightly 
shifts the intercept. With the intercept temperature compensa
tion on VI disabled this zero signal output is -270",A (see DC 
SPECIFICATIONS) equivalent to a 5.4dB upward shift in the 
intercept, since the slope is 50",NdB. Thus, the intercept is at 
-104.6dBV (-88.6dBm for son sine calibration). ITC may be 
disabled by grounding Pin 8 of either VI or V2. 

Cascaded AD640s can be used in dc applications, but input off
set voltage will limit the dynamic range. The dc intercept is 
6", V. The offset should not be confused with the intercept, which is 
found by extrapolating the transfer function from its central "log 
linear" region. This can be understood by referring to Equation 
(1) and noting that an input offset is simply additive to the value 
of VIN in the numerator of the logarithmic argument; it does 
not affect the denominator (or intercept) Vx ' In dc coupled 
applications of wide dynamic range, special precautions must be 
taken to null the input offset and minimize drift due to input 
bias offset. It is recommended that the input attenuator be used, 
providing a practical input range of -74dBV (±200",V dc) to 
+6dBV (±2V dc) when nulled using the adjustment circuit 
shown in Figure 25. 

Eliminating the Effect of First Stage Offset 
Vsually, the input signal will be sinusoidal and VI and V2 can 
be ac coupled. Figure 28a shows a low resistance choke at the 

U1 U2 

I. 
la) 

11 2. 
U1 U2 

(0) 

Figure 28. Two Methods for AC Coupling AD640s 
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Cascaded AD640s 
input of V2 which shorts the dc output of VI while preserving 
the hf response. Coupling capacitors may be inserted (Fig-
ure 28b) in which case two chokes are used to provide bias 
paths for V2. These chokes must exhibit high impedance over 
the operating frequency range. 

Alternatively, the input offset can be nulled by a negative feed
back network from the SIG OVT nodes of V2 to the SIG IN 
nodes of VI, as shown in Figure 29. The low pass response 
of the feedback path transforms to a closed-loop high pass 
response. The high gain (x 100,000) of the signal path results in 
a commensurate reduction in the effective time constant of this • 
network. For example, to achieve a high pass corner of 100kHz, 
the low pass corner must be at 1Hz. 

In fact, it is somewhat more complicated than this. When the ac 
input sufficiently exceeds that of the offset, the feedback 
becomes ineffective and the response becomes essentially dc cou
pled. Even for quite modest inputs the last stage will be limiting 
and the output (Pins 10 and 11) of V2 will be a square wave of 
about ±180mV amplitude, dwelling approximately equal times 
at its two limit values, and thus having a net average value near 
zero. Only when the input is very small does the high pass behavior 
of this nulling loop become apparent. Consequently, the low pass 
time constant can usually be reduced considerably without seri
ous performance degradation. 

The resistor values are chosen such that the dc feedback is ade
quate to null the worst case input offset, say, 500", V. There 
must be some resistance at Pins I and 20 across which the offset 
compensation voltage is developed. The values shown in the fig
ure assume tbat we wish to terminate a son source at Pin 20. 
The son resistor at Pin I is essential, both to minimize offsets 
due to bias current mismatch and because the outputs at Pins 10 
and 11 can only swing negatively (from ground to -180mV) 
whereas we need to cater for input offsets of either polarity. 

For a sine input of I", V amplitude ( -120dBV) and in the 
absence of offset, the differential voltage at Pins 10 and 11 of 
V2 would be almost sinusoidal but 100,000 times larger, or 
100m V. The last limiter in V2 would be entering saturation. A 
I", V input offset added to this signal would put the last limiter 
well into saturation, and its output would then have a different 
average value, which is extracted by the low pass network and 
delivered back to the input. For larger signals, the output 
approaches a square wave for zero input offset and becomes 
rectangular when offset is present. The duty cycle modulation of 
this output now produces the nonzero average value. Assume a 
maximum required differential output of 100mV (after averaging 
in CI and C2) as shown in Figure 29. R3 through R6 can now 
be chosen to provide ± 500", V of correction range, and with 
these values the input offset is reduced by a factor of 500. Vsing 
4.7",F capacitors, the time constant of the network is about 
1.2ms, and its corner frequency is at 13.5Hz. The closed loop 
high pass corner (for small signals) is, therefore, at 1.35MHz. 

BandwidthlDynamic Range Tradeoffs 
The first stage noise of the AD640 is 2nVlYHZ (short circuited 
input) and the full bandwidth of the cascaded ten stages is about 
150MHz. Thus, the noise referred to the input is 24.5", V rms, 
or -79dBm, which would limit the dynamic range to 77dBs 
(-79dBm to - 2dBm). In practice, the source resistances will 
also generate noise, and the full bandwidth dynamic range will 
be less than this. 
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Figure 29. Feedback Offset Correction Network 

A low pass fllter between UI and U2 can limit the noise band
width and extend the dynamic range. The simplest way to do 
this is by the addition of a pair of grounded capacitors at the 
signal outputs of UI (shown as CI and C2 in Figure 32). The 
- 3dB frequency of the fllter must be above the highest 
frequency to be handled by the converter; if not, nonlinearity in 
the transfer function will occur. This can be seen intuitively by 
noting that the system would then contract to a single AD640 at 
very high frequencies (when U2 has very little input). At inter
mediate frequencies, U2 will contribute less to the output than 
would be the case if there were no interstage attenuation, result
ing in a kink in the transfer function. 

More complex flltering may be considered. For example, if the 
signal has a fairly narrow bandwidth, the simple chokes shown 
in Figure 28 might be replaced by one or more parallel tuned 
circuits. Two separate tuned circuits or transformer coupling 
should be used to eliminate all undesirable hf common mode 
coupling between U I and U2. The choice of Q for these circuits 
requires compromise. Frequency sensitive nonlinearities can 
arise at the edges of the band if the Q is set too high; if too low, 
the transmission of the signal from U I to U2 will be affected 
even at the center frequency, again resulting in nonlinearity in 
the conversion response. In calculating the Q, note that the 
resistance from Pins 10 and 11 to ground is 7Sn. The input 
resistance at Pins 1 and 20 is very high, but the capacitances at 
these pins must also be factored into the total LCR circuit. 

)( DENOTES A CONNECTION TO ntE 
GROUND PLANE; OBSERVE COMMON 
CONNECTIONS WHERE SHOWN. 
ALL UNMARKED CAPACITORS ARE 
O.1fLFCERAMIC. FOR VALUES OF 
NUMBERED COMpONENTS SEE TEXT. 

PRACTICAL APPLICATIONS 
We show here two applications, using cascaded AD640s to 
achieve a wide dynamic range. As already mentioned, the use of 
a differential signal path and differential logarithmic outputs 
diminishes the risk of instability due to poor grounding. Never
theless, it must be remembered that at high frequencies even 
very small lengths of wire, including the leads to capacitors, 
have significant impedance. The ground plane itself can also 
generate small but troublesome voltages due to circulating cur
rents in a poor layout. A printed circuit evaluation board is 
available from Analog Devices (Part Number ADEB640) to 
facilitate the prototyping of an application using one or two 
AD640s, plus various external components. 

At very low signal levels various effects can cause significant 
deviation from the ideal response, apart from the inherent non
linearities of the transfer function already discussed. Note that 
any spurious signal presented to the AD640s is demodulated and 
added to the output. Thus, in the absence of thorough shielding, 
emissions from any radio transmitters or RFI from equipment 
operating in the locality will cause the output to appear too 
high. The only cure for this type of error is the use of very care
ful grounding and shielding techniques. 

50MHz-lSOMHz Converter with 70dB Dynamic Range 
Figure 30 shows a logarithmic converter using two AD640s 
which can provide at least 70dB of dynamic range, limited 
mostly by first stage noise. In this application, an rf choke (LI) 
prevents the transmission of dc offset from the first to the sec
ond AD640. One or two turns in a ferrite core will generally 
suffice for operation at frequencies above 30MHz. For example, 
one complete loop of 20 gauge wire through the two holes in a 
Fair-Rite type 2873002302 core provides an inductance of 511H, 
which presents an impedance of 1.57kO at SOMHz. The shunt
ing effect across the 150n differential impedance at the signal 
interface is thus fairly slight. 

The signal source is optionally terminated by RI. To minimize 
the input offset voltage R2 should be chosen to match the dc 
resistance of the terminated source. (However, the offset voltage 
is not a critical consideration in this ae coupled application.) 

r*'--t---LOG 
OUTPUT 

+5OmV/dB 

lIe---...... ----~--ILO' 

Figure 30. Complete 70dB Dynamic Range Converter for 50MHz-150MHz Operation 
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Figure 31. Logarithmic Output and Nonlinearity for Circuit 
of Figure 30, for a Sine Wave Input at f =80MHz 

Note that all unused inputs are grounded; this improves the iso
lation from the outputs back to the inputs. 

A transimpedance op amp (U3, AD844) converts the summed 
logarithmic output currents of Ul and U2 to a ground refer
enced voltage scaled IV per decade. The resistor R5 is nomi
nally lkn but is increased slightly to compensate for the slope 
deficit at the operating frequency, which can be determined' 
from Figure 12. 

The inverting input of U3 forms a virtual ground, so that each 
logarithmic output of Ul and U2 is loaded by lOon (R3 or R4). 
These resistors in conjunction with capacitors C 1 and C2 form 
independent low pass ftlters with a time constant of about 5ns. 
These capacitors should be connected directly across Pins 13 
and 14, as shown, to prevent high frequency output currents 
from circulating in the ground plane. A second 5ns time con
stant is formed by feedback resistor R5 in conjunction with the 
transcapacitance of U3. 

This ftltering is adequate for input frequencies of 50MHz or 

t: 

" " liE> ", 
~::I 
"'10 ... ", 

.... " "C!I 
~u::: " ... 00 

9 V 
./ 

;I' -, 

Applications-AD640 

V 
./ 

V 
,/ 

V 

I:;Ir 
V , 

-2 III ... 
... , 
::\z 
92 

~~ 
"''' ...... 
"'''' ow 
", ... 
",," 
wZ 

~ 

-90 -80 -70 -60 -so -40 -30 -20 -10 0 10 dRV 
31.6p. 'OOp 316fl 1m 3.16m 10m 31.6m 100m 316m 1 3.16 V 

INPUT AMPLITUDE, AT 10kHz 

Figure 33. Logarithmic Output and Nonlinearity for Circuit 
of Figure 32, for a Square Wave Input at f= 10kHz 

above; more elaborate ftltering can be devised for pulse applica
tions requiring a faster rise time. In applications where only a 
long term measure of the input is needed, Cl and C2 can be 
increased and U3 can be replaced by a low speed op amp. Fig
ure 31 shows typical performance of this converter. 

10Hz-100kHz Converter with 95dB Dynamic Range 
To increase the dynamic range it is necessary to reduce the 
bandwidth by the inclusion of a low pass ftlter at the signal 
interface between Ul and U2 (Figure 32). To provide operation 
down to low frequencies, dc coupling is used at the interface 
between AD640s and the input offset is nulled by a feedback 
circuit. 

Using values of O.02I1F in the interstage ftlter formed by capaci
tors Cl and C2, the hf corner occurs at about 100kHz. U3 
(AD712) forms a 4-pole 35Hz low pass filter. This provides 
operation to signal frequencies below 20Hz. The ftlter response 
is not critical, allowing the use of an electrolytic capacitor to 
form one of the poles. 
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Figure 32. Complete 95dB Dynamic Range Converter 
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AD640 
Rl is restricted to son by the compliance at Pin 14, so C3 needs 
to be large to form a Sms time constant. A tantalum capacitor is 
used (note polarity). The output of U3a is scaled + IV per 
decade, and the X2 gain of U3b raises this to + 2V per decade, 
or + 100mV/dB. The differential offset at the output of U2 is 
low pass filtered by R6IC7 and R7/C8 and buffered by voltage 
followers U4a and U4b. The 16s open loop time constant trans-

3-46 SIGNAL COMPRESSION COMPONENTS 

lates to a closed loop high pass corner of 10Hz. (This high pass 
filter is only operative for very small inputs; see page 13.) Fig
ure 33 shows the performance for square wave inputs. Since the 
attenuator is used, the upper end of the dynamic range now 
extends to +6dBV and the intercept is at -82dBV. The noise 
limited dynamic range is over 100dB, but in practice spurious 
signals at the input will determine the achievable range. 
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r.ANALOG 
WDEVICES 

FEATURES 
High Accuracy: Models 755N. 755P 
Widaband: Models 759N. 759P 
Complete Log/Antilog Amplifien: External Components Not 

Required 
Temperature.compensatad Intamal Reference 
6 Decades Current Operation: 1nA to 1mA 
1% max Error: 1nA to 1mA (7551 

ZOnA to 200pA (7591 
4 Decades Voltage Operation: 1mV to 10V 
1% max Error: 1mV to 10V (7551 

1mV to 2V (7591 
Small Size: 1.1" X Un X OAR 

GENERAL DESCRIPTION 
The models 755N, 755P and 759N, 759P are low cost dc 
logarithmic amplifiers offering conformance to ideal log opera
tion over 6 decades of current (lnA to 1mA) and 4 decades 
of voltage (lmV to 10V). For high accuracy requirements, 
models 755N, 755P offer maximum nonconformity of 0.5%, 
from 10nA to 1mA, and 1mV to 1V. For wideband applica
tions, the models 759N, 759P provide fast response (300kHz 
@ ISIG = lOIlA to 1mA) and feature maximum nonconformity 
of 1% from 20nA to 200IlA, and 1mV to 2V. The models 
755N and 759N compute the log of positive (+) input signals, 
while the models 755P, 759P compute the log of negative (-) 
signals. 

Designed for ease of use, the models 755NIP and 759N/P are 
complete, temperature compensated log/antilog amplifiers 
packaged in a compact epoxy-encapsulated module. External 
components are not required for logging currents over the 
complete 6 decade range of lIlA to 1mA. Both the scale factor 
(K=2, 1, or 2/3 volt/decade) and log/antilog operation are 
selected by simple pin connection. In addition, both the in
ternal10llA reference current as well as the offset voltage may 
be externally adjusted to improve overall accuracy. 

The models 755 and 759 are ideally suited as an alternative 
to in-house designs of OEM applications. Advanced design 
techniques and superior performance place the 755 and 759 
ahead of competitive designs in terms of price, performance 
and package design. 
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6-Decade, High Accuracy, 
Wideband Log, Antilog Amplifiers 

755Nn55pn59Nn59P I 
FUNCTIONAL BLOCK DIAGRAM 

r---- 4 

I 

+6' 6~ EsIG_~ ~ IsIG 

+15V COM -15V TRIM 

'POSITIVE INPUT SIGNALS. AS SHOWN; USE 759N. 755P. 
NEGATIVE INPUT SIGNALS. USE 759N. 755P. 

APPUCATIONS 
When connected in the current or voltage logging configura
tion, as shown in Figure 1, the models 755 and 759 may be 
used in several key applications. A plot of input current 
versus output voltage is also presented to illustrate the log 
amplifier's transfer characteristics. 
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Figure 1. 1jansfer Function 
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755Nn55pn59Nn59P-SPECIFICATIONS ~:~~:s;n~::;C and ±15V de unless 
MODEL 

'TRANSF~R FUNCTIONS 
,CUrrcnlMode 

V., .... M .... ' 

AndIO(lM .... 

TRANSFER FUNCTION PARAMETERS 
Scale Factor (K) Sclcctionsl , 2 

Error. +2SoC 
VI. Temperature (0 to +70oC) 

Reference Vol. <Eu:p)2 
Error II +2SoC 
VI. Temperature (0 to +10°C) 

Ref;::O~~ ~~~t (1R8P)2 

VI. Temperature (0 to +70°C) 

MAXIMUM LOG CONFORMITY ERROR 
Ig; RANGE Ilsu; RANGE 

loA to 10nA 
10nA-to 20nA 
ZOnA to lOOpA 
lOOpA to 200,tA 
200pAtolmA 

ImVtolV 
IV .. 2V 
2Vto IOV 

INPUT SPECIFICATIONS 
Curront Signal RanJe 

Model 75SN. 7S9N 
Model 75SP. 759P 

Max Safe Input Current 
Bias Current@+25°C 0 

VI. Temperuure (0 to +70 C) 
Volt. Sis.a! Range (LO(I Mode) 

Model 75SN. 759N 
Model 75,P, 759P 

Voltage Signal Range. Antilog Mode 
Model 755N, 7SSP 

Offset Voltage@ +2'" C (Adjustable to 0) 
vs. Temperature (0 to +70oC) 
VI. Supply Voltage 

FREQUENCV RESPONSE, Sinewave 
Small Signal Bandwidth, -3dB 

Isx; = InA 
Isx;= .pA 
Is., = IOp.A 
1s1G" ImA 

RISE TIME 
Increasins Input Current 

lOnA to lOOnA 
lOOnA to IJlA 
lIlA to ImA 

Decreasing Input Current 
lmA to I"" 
l",A to lOOnA 
lOOnA to IOnA 

INPUT NOISE 
Voltage, 10Hz to 10kHz 
Current, 10Hz to 10kHz 

OUTPUT SPECIFICATIONS) 
Rated Output 

Voltage 
Current 

Log Mode 
Antilog Mode 

ResistanCe 

POWER SUPPL yO 
Rated Peri'onnance 
Operating 
OlrreDt, QUiesc:eDt 

TEMPERATURE RANGE 
• Rated Performance 

Operatm, 
Stonge 

CASE SIZE' (W x L x H) 

'''NIP 

.... -KIO(I,o i::! 

2, I, 2/3 Volt/Decade 
±l%max 
:to.04%fc max 
O.IV 
:1:3" max 
±o.U,.fc max 
10jlA 
:t3% max 
±O.l%fC max 

RTI 

.. " 
±a.S" 
iO.5" .. " .. " 

RTO(K-1) 

>4.3mV 
%2.17mV 
±2.17mV 
:t4.3mV 
«.!mV 

+ InA to + ImA min 
-InA to -lmA min 
±IOmAmax 

~~'I::~oogA max 

+lmV to +lOV min 
-lmV to -lOY min 

-2<~<2 
±400",V mix 
±l,,,,VfCmaX 
±l,,,,VI% 

80Hz 
10kHz 
40kHz 
100kHz 

10"", 
7", 
4ps 

7", 
30lls 
400p.s 

2p.Vrms 
2pArms 

±IOVmin 

±'mA 
±4mA 
o.m 

±1SVdc 
±(12 to 18)Vdc 
±7mA 

o to +70"C 
_25°C to +85°C 
_SSoC to +l25°C 

1.," x I.S" x 0.4" 
na ¥ t8 ¥ 10 4l 

IU. tcnniuIl forK -1V1dec8de; tera:lbul2 for K - 2V/clecUe; wrmiaals I or 2 
(Ihonecl bJFtbcr) for K • 2J3V ldecade. 

·Specificstioa is+ for modelI755N, 7S9NI-for 755P, 7"P. 
I No dlllDlp due to l1li)'" pia ba.1horteci to JfOUDd. 
4RecommeDded powu lapply, mocIel904, tlSV. t50mA output. 
·CIIO_iDiacbeI(mm). 
Spedfic:atiollllUbjcct to ell ... without aotke. 
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759N1P 

t4%max 
iO.05"tC 

to.o,woc 

!!!. RTO(K-1) 

>5" :t21mV 

>2" >B.64mV 

>1" t4.3mV 

>'" t4.3mV 
>2" >B.64mV 

~O, +) 200pAmax 

±2mVmax 
>1Op.vtc 

250Hz 
100kHz 
200kHz 
200kHz 

2Op.. 
3", 
2.51'S 

IOp:Vrms 
IOpArms 

1.125" x I.U5" x 0.4" 
(29x29x 104) 

OUTLINE DIMENSIONS' 
Dimensions.shoWD in inches and bum). 

j-W~ 

R6.769 ]0'"MAX L . (10.". 

0.2 TO 0.26 

'6r . O.Cl4DIAll.02t 

IsIG 5 1 9 TRIM 

8 -1& 
.... ~, 

ltOUT 3 L 
7 COM 

J 2V/DEC 2 
6 +1& 

TRIM- 1V!DEC 1 

BOTTOM VIEW --..I l--0.1 GRID 
. 12.6) 

·Optional l00krl external trim pot. Input offset voltege may be 
adjusted to zero with trim pot connected as shown. With trim 
terminal 9 left open, input offset voltege will be ±OAmV (755) 
Dr ±2mV (759) maximum. 

• 

MATING SOCKET ACI016 

MODEL 766P. 758P 
-INPUT CURRENT -10 

LOG OF CURRENT 

MOOEL 756N. 758N 
+INPUT CURRENT 

• 
.Plot of Output Voltage VI Input Current 

for Model 755 Connected in the Log Mode 

MODEL 7&6P. 768P 
-INPUT VOLTS 

MODEL 756N. 768N 
+INPUT VOLTS .. 

LOG OF VOLTAGE 

.Plot of Output Voltage lIS Input Voltage 
for Modell 755, 759 Connected in the Log Mode 

Figure 2. Transfer Curves 
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PRINCIPLE OF OPERATION 
Log operation is obtained by placing the antilog element in the 
feedback loop of the op amp as shown in Figure 1. At the 
summing junction, terminal 5, the input signal current to be 
processed is summed with the output current of the antilog 
element. To attain a balance of these two currents, the op amp 
provides the required output voltage to the antilog feedback 
element. Under these conditions the ideal transfer equation 
(K = 1) is: 

The log is a mathematical operator which is defined only for 
numbers, which are dimensionless quantities. Since an input 
current would have the dimensions of amperes it must be 
referenced to another current, IREF' the ratio being dimension
less. For this purpose a temperature compensated reference of 
IOpA is generated internally. 

The scale factor, K, is a multiplying constant. For a change in 
input current of one decade (decade = ratio of 10: 1), the out
put changes by K volts. K may be selected as IV or 2V by con
necting the output to pin 1 or 2, respectively. If the output is 
connected to both pins 1 and 2, K will be 213V. 

REFERRING ERRORS TO INPUT 
A unique property of log amplifiers is that a dc error of any 
given amount at the output corresponds to a constant percent 
of the input, regardless of input level. To illustrate this, con
sider the output effects due to changing the input by 1%. 

The output would be: 

!bUT = IV log10 (IsIG/IREF)(1.0l) which is equivalent to: 

!bUT = .IV log10 (ISIGIIREF), ,±IV log10 (1.01), 
... ... 

Initial Value Change 

The change in output, due to a 1% input change is a constant 
value of ±4.3mV. Conversely, a dc error at the output of 
±4.3mV is equivalent to a change at the input of 1%. Anabbre
viated table is presented below for converting between errors 
teferred to output (R.T.O.), and errors referred to input (R.T.I.). 

ERROR R.T.I. 

0.1% 
0.5 
1.0 
3.0 
4.0 
5.0 
10.0 

ERROR R.T.O. 

K=1 

0.43mV 
2.17 
4.32 
12.84 
17,03 
21.19 
41.39 

K=2 

0.86mV 
4.34 
8.64 
25.68 
34.06 
42.38 
82.78 

K- 2/3 

0.28mV 
1.45 
2.88 
8.56 
11.35 
14.13 
27.59 

Table I. Converting Output Error in mV to Input Error in % 
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755Nn55pn59Nn59P 
SOURCES OF ERROR 
Log Conformity Error - Log conformity in logarithmic de
vices is a specification similar to Iineatity in linear devices. Log 
conformity error is the difference between the value of the 
transfer equation and the actual value which occurs at the out
put of the log module, after scale factor, reference and offset 
errors are eliminated to taken into account. The best linearity 
performance for the models 755, 759 are obtained in the 5 
decades from 10nA to ImA. To obtain optimum performance, 
the input data should be scaled to this range. 

Offset Voltage - The offset voltage, Eos' of models 755,759 3 
is the offset voltage of the internal FET amplifier. This voltage 
appears as a small dc offset voltage in series with the input 
terminals. For current logging applications, its error contribu-
tion is negligible. However, for log voltage applications, best 
performance is obtained by an offset trim adjustment. 

Bias Current - The bias current of models 755, 759 is the bias 
current of the internal FET amplifier. This parameter can be a 
significant source of error when processing signals in the nano
amp region. For this reason, the bias current for model 755 is 
10pA, maximum, and 200pA maximum for model 759. 

Reference Current - IREF is the internally generated current 
source to which all input currents are compared. IREF toler
ance errors appear as a dc offset at the output. The specified 
value of IREF is ±3% referred to the input, and, from Table I, 
corresponds to a dc offset of ±12.84mV for K = 1. This offset 
is independent of input signal and may be removed by in
jecting a current into terminal 1 or 2. 

Reference Voltage - E1tEF is the effective internally generated 
voltage to which all input voltages are compared. It is related 
to IREF through the equation: 
E1tEF = IREF x RIN , where RIN is an internall0kn, precision 
resistor. Virtually all tolerance in E1tEF is due to IREF . Conse
quently, variations in IREF cause a shift in E1tEF' 

Scale Factor - Scale factor is the voltage change at the output 
for a decade (i.e., 10: 1) change at the input, when connected 
in the log mode. Error in scale factor is equivalent to a change 
in gain, or slope, and is specified in per cent of the nominal 
value. An external adjustment may be performed if fine trim
ming is desired for improved accuracy. 

OPTIONAL EXTERNAL ADJUSTMENTS FOR LOG 
OPERATION 
Trimming £Os - The amplifier's offset voltage, Fos' may be 
trimmed for improved accuracy with the models 755, 759 
connected in its log circuit. To accomplish this, a 100kn, 10 
turn pot is connected as shown in Figure 3. The input terminal, 
Pin 4, is connected to ground. Under these conditions-the out
put voltage is: 

eOUT = -K log10 Fos/E1tEF 
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To obtain an offset voltage of lOOI'V or less, for K = I, the 
trim pot should be adjusted until the output voltage is be
tween +3 and +4 volts for models 7,SN, 7S9N, and -3V to 
-4V for models 7SSP, 7S9P. 

For other values of K, the trim pot should be adjusted for an 
output of eOUT .. 3 x K to 4 x K where K is the scale factor. 

Figure 3. Trimming EOS in Log Mode 

Refcrenee Current or Referenee Voltage - The reference cur
rent or voltage of models 7SS, 759 may be shifted by injecting 
a constant current into the unused scale factor terminal (Pin 1 
or Pin 2). The current injected will shift the reference one 
decade, in accordance with the expression: II = 66p.A log 
10p.A/IaEF (755), II = 330p.A log 10p.A/IREF (759), where 
II ,. current to be injected and IREF = the desired reference 
current. 

By changing IREF' there is a corresponding change in EaRF 
since, EaEF" IREF x RIN . An alternate method for rescaling 
EaEF is to connect an external RrN, at the IrN terminal (Pin 5) 
to supplant the 10kO supplied internally (leaving it uncon
nected). The expression for EaEF is then, EaRF .. RIN IREF. 
Care must be taken to choose RrN such that (esIG max)'RrN 
<lmA. 

Seale Factor (K) Adj1lltll1ent - Scale factor may be increased 
from its nominal value by inserting a series resistor Rs between 
the output terminal, Pin 3, and either terminal 1 or 2. The 
table below should be consulted when making these scale 
factor changes. 

CONNECT 
RANGEOFK SERIES VALUEOFRs NOTE 

RTOPIN 
213V to 1.01V 1 Rx(K-ii3) use pins I, 2 

1.01 V to 2.02V 1 Rx(K-1) use pin 1 

>2.02V 2 Rx (K-2) use pin 2 

R. 15kn (755); 3kn (759) 

Tllbl_ 2. RtIIIltOr Selection Chlll't for ShHting Sc./e FlICtor 

ANTILOG OPERATION 
The models 755 and 759 may be used to develop the antilog 
of the input voltage when connected as shown in Figure 4. 
The antilog transfer function (an exponential), is: 

eOUT ,. EaRp 10"CJN/K [-2<~/K<21 

Principle of Operation - The antilog element converts the 
voltage input, appearing at terminal 1, to a current which is 
proportional to the antilog of the applied voltage. The current
to-voltage conversion is then completed by the feedback re
sistor in a closed-loop op amp circuit. 

3-50 SIGNAL COMPRESSION COMPONENTS 

Figure 4. Functional Block Dillgram 

A more complete expression for the antilog function is: 

eoUT = EaEP 10"'IN1K + Fos 

The terms K, Fos' and EaRF are those described previously in 
the LOG section. 
Offset Voltap (Eos) Adjustment - Although offset voltage 
of the antilog circuit may be balanced by connecting it in the 
log mode, and using the technique described previously, it may 
be more advantageous to use the circuit of Figure S. In this 
configuration, offset voltage is equal to eoUT/100. Adjust for 
the desired null, using the lOOk trim pot. After adjusting, tum 
power off, remove the external 1000 resistor, and the jumper 
from Pin 1 to +1SV. For 75SP, 759P use the same procedure 
but connect Pin 1 to -15V. 

Figure 5. Trimming EOS in Antilog Mode 

Reference Voltage (EaEF) Adjustment -In antilog operation, 
the voltage reference appears as a multiplying constant. EaEP 
adjustment may be accomplished by connecting a resistor, R, 
from Pin S to Pin 3, in place of the internai10kO. The value 
of R is determined by: 

R = EaEF desired/1O-5 A 

Scale Factor (K) Adjustment - The scale factor may be ad
justed for all values of K greater than 213V by the techniques 
described in the log section. If a value of K less than 213V is 
desired for a given application, an external op amp would be 
required as shown in Figure 6. The ratio of the two resistors is 
approximately: 
R1I~ = (11K - 1) where K = desired scale factor 

Figure 6. Method for Adjusting K<2I3V 
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Selection Guide 
RMS-to-OC Converters 

Conversion 
Accuracy Full-Scale 
mV ±%Read Range 

Model max VRMS 

SSM-21l0 O.Z±O.OIZ 7 
AD737 (0.2±0.3)-{0.4±0.S) 0.2 
AD736 (O.3±O.3)-{O.S±O.S) 0.2 
AD636 (0.Z±0.3)-(0.S±0.6) O.Z 
AD637 (0.S±0.2)-{1±0.S) 7 
ADS36A (Z±0.2)-{S±0.S) 7 

dB Output 
Error 
dB max 

O.S 

O.Z-O.5 
0.3 (typ) 
0.3-0.6 

Package Temp 
Options' Range2 Page3 Comments 

2 C AV High Accuracy, Wide Dynamic Range 
2,3,6 C, I 4-39 Low Cost, Low Power, Power Down 
2,3,6 C, I 4-31 General Purpose, Low Cost, Low Power 
1,7 C 4-IS Low Power 
1,3,6 C,M 4-23 High Accuracy, Wide Bandwidth 
I, 3, 4, 6, 7 C,M 4-7 General Purpose 

IPackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "sole" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

lTemperature Ranges: C = Commercial, O°C to +70°C; I = Industrial, -40°C to +85°C (Some older products ~25°C to +85°C); M = Military, -55°C to +125°C. 
3AV = Audio/Video Reference Manual. 
Boldface Type: Product recommended for new design. 
*New product. 



Orientation 
RMS-to-OC Converters 
RMS-to-DC converters continuously compute the instantaneous 
square of the input signal, average it, and take the square root 
of the result, to provide a dc voltage proportional to the rms of 
the input (and, in the case of the AD536 and AD636, an auxiliary 
dc voltage that is proportional to the log of the rms, for dB measure
ments). 

Excellent pretrimmed performance, improvable by simple optional 
trims, makes these devices ideal for all types of laboratory and 
OEM rms instrumentation where amplitude measurements must 
be made with high accuracy, independently of waveshape. 

An alternative to rms that has been widely used in the past, 
principally for measurements on sine waves, is mean absolute
deviation, or "ac average." It is performed by taking the absolute 
value of a signal (i.e., rectifying it) flltering it and scaling it by 
the ratio of rms to m.a.d. for sine waves, 1.111, so that it reads 
correctly (for undistorted sine waves). Unfortunately, this ratio 
varies widely as a function of the waveform; it will give grossly 
incorrect results in many cases. The table shows a few represen
tative examples comparing rms with m.a.d. 

An important application is noise measurement - for example, 
thermal noise, transistor noise, and switch-contact noise. True 
rms measurement is a technique that provides consistent theoreti
cally valid measurements of noise amplitude (standard deviation) 
from different sources having different properties. 

True rms devices are also useful for measuring electrical signals 
derived from mechanical phenomena, such as strain, stress, 
vibmtion, shock, expansion, bearing noise and acoustical noise. 
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SINE WAVE 

SYMMETRICAL 
SQUARE WAVE 

OR DC 

TRIANGULAR WAVE 
QRSAWTOOTH 

GAUSSIAN NOISE 

CREST FACTOR IS 
THEORETICALL V 
UNLIMITED. q IS 
THE FRACTION OF 
TIME DURING WHICH 
GREATER PEAKS CAN 
BE EXPECTED TO 
OCCUR 

PULSE TRAIN 

" MARK/SPACE 

1 co 
0.25 0.3333 
0.0625 0.0667 
0.0156 0.0159 
0.01 0.0101 

The electrical signals produced by these mechanical actions are 
often noisy, nonperiodic, nonsinusoidal, and superimposed on 
dc levels, and require true rms for consistent, valid, accurate 
measurements. RMS converters are also useful for accumte 
measurements on low-repetition-mte pulse-trains having high 
crest factors (ratio of peak to rms), and for measurements of the 
energy content of SCR waveforms at differing firing angles. 

The basic approach used in these converters for computing the 
rms is to take the absolute value, square it and divide by the 
fed-back output (using the logarithmic characteristics of transistor 
junctions), and fllter the result. The resulting approximation 

_ [ Vin2 
]- V. 2 VRMS - Avg. VRMS = Avg. (Vin ) 

is valid if the averaging time constant is sufficiently long compared 
with the periods of the lowest frequency ac components of the 
signal. 

The simplest form of averaging involves a single-pole fllter 
using an external flltering capacitor (CAY). Increased values of 
capacitance for flltering will improve the accuracy for low fre
quency rms measurements and provide reduced ripple at the 
output, but at the cost of increased settling time. For fastest 
settling and minimum ripple, an additional stage of 2-pole flltering 
is useful. The additional flltering permits improvement of settling 
time or reduction of ripple (or both) because of substantial 
reduction of CAY. 

RMS CREST 
RMS MAO MAO FACTOR 

v. ~Vm V2 ~=1.111 V2 = 1.414 

0.707 V'" 0.637 Vm 

V. V. 1 1 

V. V. 2 
~ =1.732 

~ "2 ~ =1.156 

C.F. • 
RMS 

1 32% 
~RMS ~ 2 4.6% 

2 3 0.37% 
"" 0.798 RMS 1.253 3.3 0.1% 

3.9 0,01% 
4 63ppm 
4.4 lOopm 
4.9 1ppm 
6 2x10.e 

1 1 

V. v"i v." "" v"i 
V. V. 1 1 

0.5Vm 0.25Vm 2 2 
0.25Vm 0.0625Vm 4 4 
0.125Vm 0.0156Vm 8 8 
0.1Vm 0.01Vm 1. 10 



PERFORMANCE SPECIFICATIONS 
Considerable information regarding rms-to-dc convener circuit 
design, performance, selection and applications is to be found in 
the RMS-to-DC COIIVII1'sUm Application Guide l and in the appli
cation note RMS-to-DC CI»IfJet'UrS Ease Measurement Task. 2 In 
addition, useful applications information can be found in the 
Ntmlinear Circuits Handbook.3 

The most-salient feature of a true rms-ta-de converter is that it 
ideally has no error dill! to an indirect approximation to the rIftS. 

Static errors are due only to scale-factor, linearity and offset 
errors; dynamic errors are due to insufficient averaging time at 
the low end and finite bandwidth and slewing rate at the upper 
end. Linearity errors affect crest factor in midband. l)ynaII'.jc 
errors are also a function of signa1 amplitude, due in part to the 
variation of bandwidth of the "log" transistors with signa1leve1. 

Total Error, Internal Trim, a specification for quick reference, is 
the maximum deviation of the dc component of the output 
voltage from the theoretical output value over a specified range 
of signa1 amplitude and frequency. It is shown as the sum of a 
fixed error and a component proportional to the theoretical 
output (% of reading). It is specified for a sinusoidal input in a 
given frequency and amplitude range. The fixed error component 
includes all offset errors and irreducible nonJinearities; the %-of
reading component includes the linear scale-factor error. 

Total Error, External Adjtulment is the amount by which the 
output may differ from the theoretical value when the output 
offset and scale factor have been trimmed. Note that the fixed 
error-component cannot be reduced to zero, even though 
the output offset can be nulled at zero input. This is because 
of residual input offsets and inherent nonlinearities in the 
converter. 

Totol Error '0$. Temperature (T ..... to T -> is the average change 
of %-of-full-scale error component plus the average change of 
percent-of-reading error component per degree Celsius, over the 
rated temperature range. 

'RMS_DC Coa..mo. Appbtitm Guide ZIId Edititm, by C. Kitchia 
aad L. Counts (19l16061 _"). Available free from AaaIos DevU:e1. 

'RMS_DC Coave.rrers BaBe M.s_1lI T..a, AppIiesticm Note 
BI519-1II-4I91, AaalCIII Devices, lac. 1991, U JI8PII awllable free from 
AaaIos Devices. 

• NDIIliMIIr Ckr:uilll Htmdboolt, AaaIos Devices, lac., 1!174, 1!176, 
536 _, edited by D.H. S~. ($5.95). 

Frequency for l%-of-Reading Error is the minimum value of 
frequency (at the high end) at which the error increases from 
the midband value by 1% of reading. It is a function of peak-ta-peak 
input amplitude. 

Frequency for -3dB Reading Error is the minimum value of 
frequency (at the high end) at which the error may equal - 30% 
of reading. It is a function of amplitude. 

Crest Factor (to a property of the signa1) is the ratio of peak 
signa1 voltage to the ideal value of rms; the specified value of 
crest factor is that for which the error is maintained within 
specified limits at a given rms level for a worst-case - rectangular 
pulse - input signa1. 

Awraging Time Constant and External Capacitor: The time constant 
of the internal averaging filter, and the increase of time constant 
per j.IF of added external capacitance (CAV). 

Input: The voltage range over which specified operation is obtained, 
the maximum voltage for which the unit operates, the maximum 
safe input voltage, and the effective input resistance. 

Output: The maximum output range for rated performance, the 
minimum current guaranteed avsilable at fuIl-sca1e output voltage, 
and the source resistance of the output circuit. 

Puwer Supply: Power-supply range for specified performance, 
power-supply range for operation and quiescent current drain. 

Temperature Range: The range of temperature variation for oper
ation within specifications. Temperature coeffICients are deter
mined by three-point measurements (T H - 2S"C), (2S"C - T U, 
when measured. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
True RMS-to-DC Conversion 
Laser-Trimmed to High Accuracy 

0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 

Wide Response Capability: 
Computes RMS of AC and DC Signals 
450kHz Bandwidth: Vrms > 100mV 
2MHz Bandwidth: V,ms > 1V 
Signal Crest Factor of 7 for 1% Error 

dB Output with 60dB Range 
Low Power: 1.2mA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
-55"C to +125°C Operation (AD536AS) 

PRODUCT DESCRIPTION 
The AD536A is a complete monolithic integrated circuit which 
Performs true rms-to-dc conversion. It offers performance which 
is comparable or superior to that of hybrid or modular units 
costing much more. The AD536A directly computes the rrue 
rms value of any complex input waveform containing ac and de 
components. It has a crest factor compensation scheme which 
allows measurements with I % error at crest factors up to 7. The 
wide bandwidth of the device extends the measurement capabil
ity to 300kHz with 3dB error for signal levels above lOOmV. 

An important feature of the AD536A not previously available in 
rms converters is an auxiliary dB output. The logarithm of the 
rms output signal is brought out to a separate pin to allow the 
dB conversion, with a useful dynamic range of 60 dB. Using an 
externally supplied reference current, the OdB level can be con
veniently set by the user to correspond to any input level from 
0.1 to 2 volts rms. 

The AD536A is laser trimmed at the wafer level for input and 
output offset, positive and negative waveform symmetry (dc re
versal error), and full-scale accuracy at 7V rms. As a result, no 
external trims are required to achieve the rated accuracy of the 
unit. 

There is full protection for both inputs and outputs. The input 
circuitry can take overload voltages well beyond the supply lev
els. Loss of supply voltage with inputs connected will not cause 
unit failure. The output is short-circuit protected. 

The AD536A is available in two accuracy grades (J, K) for com
mercial temperature range (0 to + 70°C) applications, and one 
grade (S) rated for the - 55°C to + 125°C extended range. The 
AD536AK offers a maximum total error of ±2mV ±0.2% of 
reading, and the AD536AJ and AD536AS have maximum errors 
of ±5mV ±0.5% of reading. All three versions are available in 
either a hermetically sealed 14-pin DIP or 10-pin TO-IOO metal 
can. The AD536AS is also available in a 20-pin hermetically 
sealed ceramic leadless chip carrier. 
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Integrated Circuit 
True RMS-to-DC Converter 

AD536A I 
PIN CONFIGURATIONS AND 

FUNCTIONAL BLOCK DIAGRAMS 

•• UFOU' I 
.UF'-l ____ _ 
ou, 

BUF 
ON 

V,.. NC +11. 

PRODUCT HIGHLIGHTS 

-v. 

1. The AD536A computes the rrue root-mean-square iI;'ve! of a 
complex ac (or ac plus de) input signal and gives an equiva
lent de output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since it 
relates directly to the power of the signal. The rms value of a 
statistical signal also relates to its standard deviation. 

2. The crest factor of a waveform is the ratio of the peak signal 
swing to the rms value. The crest factor compensation 
scheme of the AD536A allows measurement of highly com
plex signals with wide dynamic range. 

3. The only external component required to perform measure
ments to the fully specified accuracy is the capacitor which 
sets the averaging period. The value of this capacitor deter
mines the low frequency ac accuracy, ripple level and settling 
time. 

4. The AD536A will operate equally well from split supplies or 
a single supply with total supply levels from 5 to 36 volts. 
The one milliampere quiescent supply current makes the de
vice well-suited for a wide variety of remote controllers and 
battery powered instruments. 

5. The AD536A directly replaces the AD536 and provides im
proved bandwidth and temperature drift specifications. 
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AD536A-SPECIFICATIONS (@ +25°C. and ±15V de unless otherwise noted.) 
Model AD536Aj AD536AK ADS36AS 

M .. Typ Max Min Typ Max Min Ty. Max Unils 

TRANSFER FUNCTION VOUT = Vavg.(VIN)2 Your "" Yavg.(VINl Von = Vavg.(V1N)2 

CONVERSION ACCURACY 
Total Error, Internal Trim l (Figure 1) ±5 :to.S ±2±O.2 ±5±0.5 mV:=%ofReading 

vs. Temperature, T min to + 70"C :to.l :to.0I :to.05 ;to.OOS :to.l :to.OO5 mV:t%ofReadingI"C 
+70"Cto+125OC :to.3 :to.OO5 mV:t%ofReadingl"C 

vs. Supply Voilage :to.l :to.Ol :to.l :to.0I :to.l :to.OI mV:t%ofReading/V 
dc Reversal Etror ±O.2 :to.l :to.2 ::!:%ofReading 

Total Error, External Trim' (Figure 2) ::!:3 ::!:0.3 ::!:2 :to.l "hO.3 mV:t%ofReading 

ERROR VS.CRESTFACTOR2 

CreSt Factor 1 [02 SpedfiedAccuracy Specified Accuracy Specified Accuracy 
Crest Factor = 3 -0.1 -0.1 -0.1 % of Reading 
Crest Factor = 7 -1.0 -1.0 -1.0 %ofReading 

FREQUENCY RESPONSE3 

BaQ.dwidth for 1% additional error (O.09dB) 
V1N=lOmV kH, 
V'N=lOOmV 45 45 45 kH, 
VIN=lV 120 120 120 kH, 

;!;: 3dB Bandwidth 
V'N=lOmV 90 90 90 kH, 
V1N=100mV 450 450 450 kH, 
VIN=lV 2.3 2.3 2.3 MH, 

AVERAGINGTIMECONSTANT(FigureS) 25 25 25 msll1FCAV 

INPUT CHARACTERISTICS 
Signal Range, ::t: 15V Supplies 

Continuous rms Level Ot07 Ot07 Ot07 V=. 
Peak Transient Input ,,20 ::t:20 ::t20 Vpeak 
ContinuousrmsLevel, ::t: 5V Supplies 0102 0102 Ot02 V=. 
Peak Transient Input, ::!: SV Supplies "7 ,,7 ,,7 V""k 

Maximum Continuous Nondestructive 
Input Level (All Supply Voltages) ::t:25 ±2S ±25 V""k 

Input Resistance 13.33 16.67 20 13.33 16.67 20 13.33 16.67 20 kO 
Input Offset Voltage 0.8 ,,2 0.5 "I 0.8 ,,2 mV 

OUTPUT CHARACTERISTICS 
OffsetVohage, VIN "'COM (Figure 1) "I ±2 ::to.S H ±2 mV 

VS. Temperarure ::!:O.l ::!:O.l ::to.2 mV/"C 
VS. SuppiyVoitage :!:O.l ::!:O.l :to.2 mVN 

Voltage Swing, ± 15V Supplies Oto +11 +12.5 Oto+ll + 12.5 Oto +11 +12.5 V 
:tSVSupply Oto +2 Oto +2 Oto +2 V 

dB OUTPUT (Figure 13) 
Error, VIN 7mV to 7V rms,OdB = IVrms ±O.4 ±0.6 :to.2 ;1;:0.3 ±O.S ±O.6 dB 
ScalePactor -3 -3 -3 mY/dB 
Scale FaclorTC(Uncompensated, see Fig-

ure 1 for TemperatureCompensation) -0.033 ~0.033 -0.033 dBI'C 
+0.33 +0,33 +0.33 %ofReadingl"C 

IREFforOdB = lVnns 20 80 20 80 20 80 ".A 
IREpRange 100 100 100 ".A 

IoUTTERMINAL 
lOUT Scale Factor 40 40 40 IJ.ANnns 
lOUT Scale FactorTolerance :t10 :t20 :t10 ±20 :t1O ±20 % 
Output Resistance 20 25 30 20 25 30 20 25 30 kO 
Voltage Compliance -Vsto(+Vs -Vsto(+Vs ··Vsto(+Vs 

-2.5V) -2.5) -2.5V) V 

BUFFER AMPLIFIER 
Input and Output Voltage: Range -Vsto(+Vs -Vsto(+Vs -Vsto(+Vs V 

-2.5V) -2.5V) -2.5V) 
Input Offset Voltage, Rs = 25k :to.5 ±4 :to.5 ±4 :to.5 ±4 mV 
Input BiasCurrent 20 60 20 60 20 60 nA 
Input Remtance 10' 10' 10' 0 
Output Current (+5mA, {+5mA, (+5mA, 

-130IJ.A) -1301J.A) -I30IJ.A) 
Short Circuit Current 20 20 20 mA 
Output Resistance 0.5 0.5 0.5 0 
Small Signal Bandwidth MH, 
Slew Ralc4 VI,.. 

POWER SUPPLY 
Voltage Rated Performance ±15 :!:15 :tIS V 

Dual Supply :'::3.0 :t18 :'::3.0 :!:18 :!:3.0 :'::18 V 
Single Supply +5 +36 +5 +36 +5 +36 V 

QuiescentCurrent 
Total Vs, 5V to 36V, T min to Tmax 1.2 1.2 1.2 mA 

TEMPERATURE RANGE 
Rated Performance +70 +70 -55 +125 'C 

NUMBER OF TRANSISTORS 65 65 65 

NOTES 
I Accuracy is specified for 0 to 7V rms, de or 1kHz smewave input with the ADS36A connected as in the ftgUl"C referenced. 
lError VB. crest factor is specified as an additional etrorfor IV rms rectanguJar pulse input, pulse width '" 20011-8. 
3Input voltages, are expressed in volts rms, and error is percent of reading. 
~ith2kexternalpulldown resistor. 
Specifications subject to change without notice. 

Specifications shown in boldface ue tested on all production units at fmal electri· 
cal test. Results from those tests are used to calculateoutsoinl quality levels. All 
min and max SpeciflCationS are guaranteed, althougb only those shown in 
boldface are tested on all production unib. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage 

Dual Supply •.•••.•••.•••.••••.•••..••.. ± 18V 
Single Supply ......•...••....••.•.••..•. + 36V 

Internal Power Dissipation2 •••••••••••••••••• sOOmw 
Maximum Input Voltage ...•..••.....•.... ±2SV Peak 
Buffer Maximum Input Voltage •..•...••...•.... ±Vs 
Maximum Input Voltage ........•...•.•... ±2SV Peak 
Storage Temperature Range •••••••...• -55°C to + 150°C 
Operating Temperature Range 

AD536AJ/K ........................ 0 to +70°C 
AD536AS .•••..•.•.••..•.•..... -SSOC to + 1250C 

Lead Temperature Range 
(Soldering 60 sec) ••...•...........•...... 300°C 

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

21O .. Pin Header: aJA = lSO"C/W 
20 .. Pin LCC: aJA = 9S'CIW 
14-Pin Size Brazed Ceramic DIP: aJA = 9S'CIW 

CHIP DIMENSIONS AND PAD LAYOUT 
Dimensions sbown in inches and (mm). 

PAD NUMBE1ai CORRESPOND TO PIN NUMBERS FOR TtlE TO·n.' .... N Cl!RAMC DIP PACKAGE. .... 

Modell 

ADS36AJD 
ADS36AKD 
AD536AJH 
AD536AKH 
AD536AJQ 
AD536AKQ 
AD536ASD 
ADS36ASDI883B 
AD536ASE 
ADS36ASEI883B 
ADS36ASH 
AD536ASHI883B 

NOTES 

-80TH PADS 8HDWN MUST BE CONNECI'ED TO V",. 
THE AD&3IA .. AVAII.AIIt.£ IN LASER TRMMED CIfI' FORM. 
SUllSTMTE CONNECTED TO -v .. 

ORDERING GUIDE 

Te_hUe hcIrqe 
Ruae DescripIioa 

O"C to + 7O"C Side Brazed Ceramic DIP 
O"C to + 70"C Side Brazed Ceramic DIP 
O"C to + 7O"C Header 
O"C to + 7O"C Header 
O"C to + 7O"C Cerdip 
O"C to + 7O"C Cerdip 
-S5"C to + 125"C Side Brazed Ceramic DIP 
-SS"C to + 125"C Sid. Brazed Ceramic DIP 
-55"C to + 12S"C LCC 
-SS"C to + 12S"C LCC 
-SS"C to + 12S"C Header 
- SS"C 10 + 12S"C Header 

hcIrqe 
Opdoa' 

D .. 14 
0-14 
H .. IOA 
H .. IOA 
Q-14 
Q-14 
0-14 
D .. 14 
E .. 20A 
E .. 20A 
H .. IOA 
H .. 1OA 

'''S'' ...... chipo ... available , .. led a' + 25"C and + 125"C. "]" ...... chipo 8ft also available. 
zfor oulline information see Packqe Information sectioD. 
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Applying the AD536A 
STANDARD CONNECTION 
The AD536A is simple to connect for the majority of high accu
racy rms measurements, requiring only an external capacitor to 
set the averaging time constant. The standard connection is 
shown in Figure 1. In this configuration, the ADS36A will mea .. 
sure the rms of the ac and dc level present at the input, but will 
show an error for low frequency inputs as a function of the fIlter 
capacitor, CAY' as shown in Figure 5. Thus, if a 4IJ.F capacitor 
is used, the additional average error at 10Hz will be 0.1%; at 
3Hz it will be I %. The accuracy at higher frequencies will be 
according to specification. If it is desired to reject the dc input, 
a capacitor is added in series with the input, as shown in Figure 
3, the capacitor must be nonpolar. If the AD536A is driven with 
power supplies with a considerable amount of high frequency 
ripple, it is advisable to bypass both supplies to ground with • 
O.IIJ.F ceramic discs as near the device as possible. 

Figure 1. Standard RMS Connection 
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AD536A 
The input and output signal ranges are a function of the supply 
voltages; these ranges are shown in Figure 14. The AD536A can 
also be used in an unbuffered voltage output mode by discon
necting the input to the buffer. The output then appears unbuf
fered across the 25k resistor. The buffer amplifier can then be 
used for other purposes. Further the AD536A can be used in a 
current output mode by disconnecting the 25k resistor from 
ground. The output current is available at Pin 8 (Pin 10 on the 
"H" package) with a nominal scale of 40 .... A per volt rms input 
positive out. 

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 
If it is desired to improve the accuracy of the AD536A, the ex
ternal trims shown in Figure 2 can be added. R4 is used to trim 
the offset. Note that the offset trim circuit adds 365fl in series 
with the internal 25kfl resistor. This will cause a 1.5% increase 
in scale factor, which is trimmed out by using RJ as shown. 
Range of scale factor adjustment is ± 1.5%. 

The trimming procedure is as follows: 
1. Ground the input signal, VIN, and adjust R4 to give zero 

volts output from Pin 6. Alternatively, R4 can be adjusted 
to give the correct output with the lowest expected value 
OfVIN • 

2. Connect the desired full scale input level to VIN, either dc or 
a calibrated ac signal (1kHz is the optimum frequency); then 
trim RJ to give the correct output from Pin 6, i.e., 1.000V 
dc input should give 1.000V dc output. Of course, a 
± 1.000V peak-to-peak sine wave should give a 0.707V dc 
output. The remaining errors, as given in the specifications, 
are due to the nonlinearity. 

The major advantage of external trimming is to optimize device 
performance for a reduced signal range; the AD536A is inter
nally trimmed for a 7V rms full-scale range. 

Figure 2. Optional External Gain and Output Offset Trims 

SINGLE SUPPLY CONNECTION 
The applications in Figures 1 and 2 require the use of approxi
mately symmetrical dual supplies. The AD536A can also be 
used with only a single positive supply down to + 5 volts, as 
shown in Figure 3. The major limitation of this connection is 
that only ac signals can be measured since the differential input 
stage must be biased off ground for proper operation. This bias
ing is done at Pin 10; thus it is critical that no extraneous sig
nals be coupled into this point. Biasing can be accomplished by 
using a resistive divider between + V s and ground. The values 
of the resistors can be increased in the interest of lowered power 
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consumption, since only 5 .... A of current flows into Pin 10 
(Pin 2 on the "H" package). AC input coupling requires only 
capacitor Cz as shown; a dc return is not necessary as it is pro
vided internally. Cz is selected for the proper low frequency 
break point with the input resistance of 16,7kfl; for a cut-off at 
10Hz, Cz should be l .... F. The signal ranges in this connection 
are slightly more restricted than in the dual supply connection. 
The input and output signal ranges are shown in Figure 14. The 
load resistor, RL , is necessary to provide output sink current. 

CAY 

.------1- + 

Figure 3. Single Supply Connection 

CHOOSING THE AVERAGING TIME CONSTANT 
The AD536A will compute the rms of both ac and dc signals. If 
the input is a slowly varying dc signal, the output of the 
AD536A will track the input exactly. At higherfrequencies, the 
average output of the AD536A will approach the rms value of 
the input signal. The actual output of the AD536A will differ 
from the ideal output by a dc (or average) error and some 
amount of ripple, as demonstrated in Figure 4. 

Eo 

IDEAL 
Eo 

( DC ERROR = Eo - Eo (IDEAL! 

- f - --""::-A;ERAGE Eo = E;; 
-- DOUBLE-FREQUENCY 

RIPPLE 

TIME 

Figure 4. Typical Output Waveform for Sinusoidal Input 

The dc error is dependent on the input signal frequency and the 
value of CAV. Figure 5 can be used to determine the minimum 
value of CAV which will yield a given percent dc error above a 
given frequency using the standard rms connection. 

The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using a 
large value of CAY. Since the ripple is inversely proportional to 
CAV' a tenfold increase in this capacitance will effect a tenfold 
reduction in ripple. When measuring waveforms with high crest 
factors, (such as low duty cycle pulse trains), the averaging time 
constant should be at least ten times the signal period. For ex
ample, a 100Hz pulse rate requires a lOOms time constant, 
which corresponds to a 4 .... F capacitor (time constant = 25ms 
per .... F). 
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The primary disadvantage in using a large CAY to remove ripple 
is that the settling time for a step change in input level is in
creased proportionately. Figure S shows that the relationship 
between CAY and 1% settling time is llS milliseconds for each 
microfarad of CAY' The settling time is twice as great for de
creasing signals as for increasing signals (the values in Figure S 
are for decreasing signals). Settling time also increases for low 
signal levels, as shown in Figure 6. 

. , 
J 

, .. 

'0 

~ 1.0 

~ 

0.' 

0.0 , 

q.;% 
<"~ 

q,~ ~~,. 
'<"~ 

'%~ 

'. ~ 
%" 
~~ 
I 

VALUES FOR CAY AND 
l%SETTLINGTIME 
FOR STATED % OF READING 
AVERAGING ERROR-
ACCURACY:!: 200/0 DUE TO 
COMPONENT TOLERANCE 

f--I I I II I I I 
1% do ERROR + 'I R,prL~ ''j't' 

'0 100 lk 
INPUT FREQUENCY _ Hz 

!'... 
'Ok 

'00 

'0 

'.0 

0.' 

0.01 
'OOk 

Figure 5. Error/Settling Time Graph for Use with the 
Standard RMS Connection in Figure 1 
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0 

lmV 

\. 
~ 
.~ ..... 

lOmV 100mV lV 
nns INPUT LEVEL 

Figure 6. Settling Time vs. Input Level 

10V 

A better method for reducing output ripple is the use of a 
"post-filter." Figure 7 shows a suggested circuit. If a single-pole 
filter is used (C3 removed, Rx shorted), and C2 is approximately 
twice the value of CAY' the ripple is reduced as shown in Figure 
8 and settling time is increased. For example, with CAY = IfLF 
and C2 = 2.2fLF, the ripple for a 60Hz input is reduced from 
10% of reading to approximately 0.3% of reading. The settling 
time, however, is increased by approximately a factor of 3. The 
values of CAY and C2 can therefore be reduced to permit faster 
settling times while still providing substantial ripple reduction. 

The two-pole post-filter uses an active filter stage to provide 
even greater ripple reduction without substantially increasing the 
settling times over a circuit with a one-pole filter. The values of 
CAY' C2, and C3 can then be reduced to allow extremely fast 
settling times for a constant amount of ripple. Caution should be 
exercised in choosing the value of CAY' since the de error is de
pendent upon this value and is independent of the post filter. 

REV. A 

RMS Measurements-AD536A 
For a more detailed explanation of these topics refer to the 
RMS to DC Conversion Application Guide 2nd Edition, available 
from Analog Devices. 

10% 

DC ERROR 
OR RIPPLE
%of Reading 

'" 

0.1% 

Figure 7. 2-Pole "Post" Filter 
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\ "' , 
~PK PK RIPPLE 

CAY c l~F (FIG. 1) 

1\ I~ PKPK ;ED RIPPLE (ONE POLE) 
CAY • ~$lF, C2 '" 2.2J,t.F 

Rx 0 

1\ l\. 
, 

~ DC ERROR 

\ y CAY = l#lF 

~ 
(ALL fiLTERS) 

\ 

,~ .. N ~ 
10Hz PK PK 100Hz 1k 'Ok 

RIPPLE, 
CAV = l,uF 
C2 '" C3 = 2.2J,IF (TWO POLEI 

Figure 8. Performance Features of Various Filter Types 

ADS36A PRINCIPLE OF OPERATION 
The ADS36A embodies an implicit solution of the rms equation 
that overcomes the dynamic range as well as other limitations 
inherent in a straight-forward computation of rms. The actual 
computation performed by the ADS36A follows the equation: 

Vnns = Avg. [i::] 
Figure 9 is a simplified schematic of the ADS36A; it is subdi
vided into four major sections: absolute value circuit (active rec
tifier), squarer/divider, current mirror, and buffer amplifier. 
The input voltage, VIN, which can be ae or dc, is converted to a 
unipolar current I" by the active rectifier A" A2 • I, drives one 
input of the squarer/divider, which has the transfer function: 

[4 = h 2/h 
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AD536A 
The output current, 14, of the squarer/divider drives the current 
mirror through a low pass mter formed by Rl and the externa1ly 
connected capacitor, CAY. If the Rl> CAY time constant is much 
greater than the longest period of the input signal, then 14 is 
effectively averaged. The current mirror returns a current 13, 
which equals Avg. [14]' back to the squarer/divider to complete 
the implicit rms computation. Thus: 

14 = Avg. [hz/14] = II nns 

The current mirror also produces the output current, lOUT' 

which equals 214• lOUT can be used directly or converted to a 
voltage with R2 and buffered by A4 to provide a low impedance 
voltage output. The transfer function of the ADS36A thus 
results: 

VOUT = 2Rz Irms = V1Nrms 

The dB output is derived from the emitter of Q3, since the volt
age at this point is proportional to -log V IN. Emitter follower, 
Qs, buffers and level shifts this voltage, so that the dB output 
voltage is zero when the externally supplied emitter current 
(IREP) to Qs approximates 13. 

ABSOLUTE VALUEI 
VOLTAGE - CURRENT 

CONVERTER ... 
R4 

CURRENT MIRROR 

NOTE: PINOUTS ARE FOR 14-P1N DIP. 

Figure 9. Simplified Schematic 

.v, 

CONNECTIONS FOR dB OPERATION 
A powerful feature added to the ADS36A is the logarithmic or 
decibel output. The internal circuit computing dB works accu
rately over a 60dB range. The connections for dB measurements 
are shown in Figure 10. The user selects the OdB level by ad
justing Rl for the proper OdB reference current (which is set to 
exactly cancel the log output current from the squarer~divider at 
the desired OdB point). The external op amp is used to provide 
a more convenient scale and to allow compensation of the 
+0.33%I"C scale factor drift of the dB output pin. The special 
T.C. resistor, R2, is available from Tel Labs in Londonderry, 
N.H. (Model Q-81) or from Precision Resistor Inc., Hillside, 
N.J. (model PT146). The averaged temperature coefficients of 
resistors R2 and R3 develop the + 3300ppm needed to reverse 
compensate the dB output. The linear rms output is available at 
Pin 8 on DIP or Pin 10 on header device with an output imped
ance of 25kn; thus some applications may require an additional 
buffer amplifier if this output is desired. 

dB Calibration: 

1. Set V,N = 1.00V dc or I.00V rms 

2. Adjust Rl for dB out = O.OOV 

3. Set V,N = +O.lV dc or O.IOV rms 

4. Adjust Rs for dB out = - 2.00V 

Any other desired OdB reference level can be used by setting 
V,N and adjusting Rl accordingly. Note that adjusting Rs for 
the proper gain automatically gives the correct temperature 
compensation. 

"SPECIAL TC COMPENSATION RESISTOR +3500ppm 1% TEL LABS Q-81 
PRECISION RESISTOR CO *PT146 OR EaUIVALENT 

Figure 10. dB Connection 
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FREQUENCY RESPONSE 
The ADS36A utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit, bandwidth is 
proportional to signal level. The solid lines in the graph below 
represent the frequency response of the ADS36A at input levels 
from 10 millivolts to 7 volts rms. The dashed lines indicate the 
upper frequency limits for 1%, 10%, and 3dB of reading addi
tional error. For example, note that a 1 volt rms signal will pro
duce less than 1% of reading additional error up to 120kHz. A 
10 millivolt signal can be measured with 1% of reading addi
tional error (100,... V) up to only SkHz. 

10 III I I 
J! 

7V rms INPUT 11% 1 ' 0% ,~ , 
~ 
,.: 
" 0.1 ~ 

0.01 

IVj'INrUi 
'iVi·I1:~ .. ' 
10m, rm'IINiYI 

Ik 10k 

'" 
~' 

... ~ .... >; 
lOOk 

FREQUENCY - Hz 

...., 
'" '" 

1M 

Figure ". High Frequency Response 

10M 

AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy of 
an ac measurement. Crest factor is defmed as the ratio of the 
peak signal amplitude to the rms value of the signal (C.F. = 
VrfVrms). Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors «2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring in 
switching power supplies and SCR circuits, have high crest fac
tors. For example, a rectangular pulse train with a 1 % duty cy
cle has a crest factor of 10 (C.F. = lIy'ii). 
Figure 12 is a curve of reading error for the ADS36A for a 1 
volt rms input signal with crest factors from 1 to 11. A rectan
gular pulse train (pulse width 1 OO,...s) was used for this test since 
it is the worst-case waveform for rms measurement (all the en
ergy is contained in the peaks). The duty cycle and peak ampli
tude were varied to produce crest factors from 1 to 11 while 
maintaining a constant 1 volt rms input amplitude. 

1..1--T----l 
;-n----l-n--0-:1 ~ L-

lOOps 

+1% 

INCREASE -1% 
IN ERROR-
% of Reading -2% 

-4% 

-

'11 = DUTY CYCLE '" ;~PS 

CF=I/y. 

elN erms) '" 1 Volt rml 

r- ........ 
....... 

i'-
~ 

1 4 10 11 

CREST FACTOR 

Figure 12. Error vs. Crest Factor 
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%of Reading 

AD536A 
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0.1% L-_..J...._....I. __ L..-__ 

1,u$ lOps 1001'S l(J(J(Jp.s 
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Figure 13. AD536A Error vs. Pulse Width Rectangular 
Pulse 
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r'IIII ANALOG 
WDEVICES 

FEATURES 
True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 

0.5% max Error (AD636K) 
1.0% max Error (AD636J) 

Wide Response Capability: 
Computes rms of ac and dc Signals 
1MHz -3dB Bandwidth: Vrms>100mV 
Signal Crest Factor of 6 for 0.5% Error 

dB Output with 50dB Range 
Low Power: 800~ Ouiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
Low Cost 
Available in Chip Form 

PRODUCT DESCRIPTION 
The AD636 is a low power monolithic IC which performs true 
rms-to-dc conversion on low level signals. It offers perform
ance which is comparable or superior to that of hybrid and 
modular conveners costing much more. The AD636 is speci
fied for a signal range of 0 to 200 millivolts rms. Crest factors 
up to 6 can be accommodated with less than O.S% additional 
error, allowing accurate measurement of complex input 
waveforms. 

The low power supply current requirement of the AD636, 
typically 800j.lA, allows it to be used in battery-powered 
ponable instruments. A wide range of power supplies can be 
used, from ±2.5V to ±16.5V or a single +5V to +24V supply. 
The input and output terminals are fully protected; the in
put signal can exceed the power supply with no damage to 
the device (allowing the presence of input signals in the 
absence of supply voltage) and the output buffer amplifier 
is short-circuit protected. 

The AD636 includes an auxiliary dB output. This signal is 
derived from an internal circuit point which represents the 
logarithm of the rms output. The OdB reference level is set 
by an externally supplied current and can be selected by the 
user to correspond to any input level from OdBm (774.6mV) 
to -20dBm (77.46mV). Frequency response ranges from 
1.2MHz at a OdBm level to over 10kHz at -SOdBm. 

The AD636 is designed for ease of use. The device is factory
trimmed at the wafer level for input and output offset, posi
tive and negative waveform symmetry (dc reversal error), and 
full scale accuracy at 200mV rms. Thus no external trims are 
required to achieve full rated accuracy. 

AD636 is available in two accuracy grades; the AD636] 
total error of ±O.SmV ±0.06% of reading, and the AD636K 

REV. A 

Low Levelt 

True RMS-to-DC Converter 
AD636 I 

PIN CONNECTIONS & 
FUNCTIONAL BLOCK DIAGRAM 

"D" Package 
(TO-l16) 

"H" Package 
(TO-lOO) 

~"' 

-v, 

,'UfOUT. 

is accurate within ±0.2mV to ±0.03% of reading. Both versions 
are specified for the 0 to +70oC temperature range, and are 
offered in either a hermetically sealed 14-pin DIP or a 10-pin 
TO-100 metal can. Chips are also available. 

PRODUCT HIGHLIGHTS 
1. The AD636 computes the true root-mean-square of a com

plex ac (or ac plus dc) input signal and gives an equivalent 
dc output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it is a measure of the power in the signal. The rms value 
of an ac-coupled signal is also its standard deviation. 

2. The 200 millivolt full scale range of the AD636 is com
patible with many popular display-oriented analog-to-digital 
conveners. The low power supply current requirement 
permits use in battery-powered hand-held instruments. 

3. The only external component required to perform mea
surements to the fully specified accuracy is the averaging 
capacitor. The value of this capacitor can be selected for 
the desired trade-off of low frequency accuracy, ripple, and 
settling time. 

4. The on-chip buffer amplifier can be used to buffer either 
the input or the output. Used as an input buffer, it pro
vides accurate performance from standard 10Mn input 
attenuators. As an output buffer, it can supply up to 5 
milliamps of output current. 

5. The AD636 will operate over a wide range of power sup
ply voltages, including single +5V to +24V or split ±2.SV 
to ±16.SV sources. A standard 9V battery will provide 
several hundred hours of continuous operation. 
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AD636-;SPECIFICATIONS (@ +25OC, and +Vs = +3V, -Vs = -5Vunless.otherwise noted) 

Model AD636J AD636K 
Min Typ Mas Min Typ Mas Uails l; 

TRANSFER FUNCTION VOIIT = v'avg. (VIN)' VOIIT = v'avg. (YIN)' 

CONVERSION ACCURACY 
Total Error, Internal Trim'" :l:0.5:U.0 :l:0.Z:l:0.5 mV:t% ofReadiDg 
... Temperature, 0 to +7O"C :to.1 :to.01 :to.1 :to.OOS mV:t % ofReadingrC 
... Supply Voltage :to.1 :tom :to.1 :to.01 mV :t %ofReadingIV 
dcReversa1ErroratZOOmV :to.2 :to.1 %ofReadiDg 

Total Error, External Trim' +0.3 +0.3 +0.1 +0.2 mV:t%ofReam"g 

ERROR VS. CREST FACTOR' 
Crest Factor I to 2 Specified Accuracy Specified Accuracy 
Crest Factor = 3 -0.2 -0.2 %ofReadiDg 
Crest Factor = 6 -0.5 -0.5 %ofReadiDg 

AVERAGING TIME CONSTANT 25 25 msl",FCJIV 

INPUT CHARACTERISTICS 
Signal Range, All Supplies 

Continuous rms Level Oto200 Ot0200 mVrms 
Peak Transient Inputs 

+ 3V, - SV Supply :t2.8 2.8 Vpk 
:t 2.SV Supply :t2.0 2.0 Vpk 
:tSVSupply :tS.O 5.0 Vpk 

Muimum Continuous Non·Destructive 
Input Level (All Supply Voltages) :t12 :t12 Vpk 

Input Resistance 5.33 6.67 8 5.33 6.67 8 ill 
Input Offset Voltage :to.S :to.2 mV 

FREQUENCY RESPONSE" 4 

Bandwidth for 1% additional error (O.09dB) 
VIN=IOmV 14 14 kHz 
VIN= lOOmV 90 90 kHz 
VIN = 200mV 130 130 kHz 

:t 3dB Bandwidth 
VIN=IOmV 100 100 kHz 
VIN=IOOmV 900 900 kHz 
VIN= 200mV 1.5 1.5 MHz 

OUTPUT CHARACTERISTICS' 
Offset Voltage, VIN = COM :1:0.5 :l:O.Z mV 

vs. Temperature :t1O :t1O ",VI'C 
os. Supply :to.1 :!:O.I mVN 

Voltage Swing 
+ 3V, - SV Supply 0.3 Oto +1.0 0.3 Oto +1.0 V 
:t SV to :t 16.SV Supply 0.3 Oto +1.0 0.3 Oto +1.0 V 

Output Impedance 8 10 12 8 10 12 ill 

dB OUTPUT 
Error, VIN = 7mVto 300mVrms :to.3 :1:0.5 :to.1 :1:0.2 dB 
Scale Factor -3.0 -3.0 mV/dB 
Scale Factor Temperature Coefficient +0.33 +0.33 % ofReadingI'C 

-0.033 -0.033 dBI'C 
IREFforOdB = O.IVrms 2 4 8 2 4 8 JJ.A 
IREFRause I SO I SO JJ.A 

loUT TERMINAL 
lOUT Scale Factor 100 100 JJ.ANrms 
lOUT Scale Factor Tolerance -20 :t1O +20 -20 :t1O +20 % 
Output Reaistance 8 10 12 8 10 12 ill 
Voltage Comp1iance -Vsto(+Vs -Vsto(+Vs 

-2V) -2V) V 

BUFFER AMPLIFIER 
Input and Output Voltage Range -Vsto(+Vs -Vsto(+Vs 

-2V) -2V) V 
Input Offset Voltage, Rs = 10k :!:0.8 :1:2 :!:O.S :1:1 mV 
Input Bias Current 100 300 100 300 nA 
Input Resistance 10' 10' n 
Output Current (+SmA, (+SmA, 

-130",A) -130",A) 
Shon Circuit Current 20 20 mA 
Small Signal Bandwidth I I MHz 
Slew Rate' 5 5 V/",s 

POWER SUPPLY 
Voltage, Rated Performance +3, -5 +3, -5 V 

Dual Supply +2,-2.5 :t 16.5 +2, -2.5 :t16.S V 
Single Supply +5 +24 +5 +24 V 

Quiescent Current" 0.80 1.00 0.80 1.00 mA 
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AD636 
TliMPERATURERANGE 

Rated Performance 0 +70 0 +70 "C 
Storage -55 +150 -55 + 150 "C 

TRANSISTOR COUNT 62 62 

NOTES 
I Accuracy specified forO [0 200mV rms, de or 1kHz sinewave input. Accuracy is degraded at higher nns signalleveis. 
zMeasured. at pin 8 of DIP (lOUT), with pin 9 tied to common. 
lError vs. crest factor is specified asadditional error for a 200mV rms rectangular pulse train, pulse width = 200fLS. 
"Input voltageS are expressed in volts rms. 
'With lOill pull down resistor from pin 6 (BUF OUT) to - V s. 
<With BUF input tied toCommon. 
Specifications subject to change without notice. 

All min and max. SpecificatiODs are guaranteed. Specifications shown in 
boldface are tested on all production units at fmal electrical test are used to 
calculate ouQlOing quality levels. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage 

ORDERING GUIDE 

Dual Supply ...•...................... ±16.S V Temperature Package 
Single Supply .......................... + 24 V Model Range Description 

Internal Power Dissipation2 •••••••••••••••••• 500 mW 
Maximum Input Voltage ................. ±12 V Peak 

AD636JD O°C to +70"C Side Brazed Ceramic DIP 
AD636KD O°C to +70"C Side Brazed Ceramic DIP 

Storage Temperature Range ........... -55°C to + ISO·C 
Operating Temperature Range 

AD636JH O°C to +7O"C Header 
AD636KH O"C to +70°C Header 

AD636J/K ......................... 0 to + 70°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 

AD636J Chip O"C to +70°C Chip 
AD636KChip O°C to +70°C Chip 

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

'IO·Pin Header: alA = ISO"C/W. 

*For outline information see Package Information section. 

14·Pin Sidebrazed Ceramic DIP: alA = 95"C/W. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

~-----------------~~4m------C-O-M----------~ 

-Vs 

PAD NUMBERS CORRESPOND TO PIN NUMBERS 
FOR THE TO·116 14·PIN CERAMIC DIP PACKAGE. 

NOTE 
"BOTH PADS SHOWN MUST BE CONNECTED TO VIN' 

BUFIN 

Package 
Option* 

D-14 
D-14 
H-IOA 
H-lOA 

REV. A RMS-TO-DC CONVERTERS 4-17 

• 



AD636 
STANDARD CONNECTION 
The AD636 is simple to. connect for the majority of high 
accuracy rms measurements, requiring only an external capac
itor to set the averaging time constant. The standard connec
tion is shown in Figure 1. In this configuration, the AD636 
will measure the rms of the ac and dc level present at the 
input, but will show an error for low frequency inputs as a 
function of the filter capacitor, CAY, as shown in Figure 5. 
Thus, if a 4/lF capacitor is used, the additional average error 
at 10Hz will be 0.1%, at 3Hz it will be 1%. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input, a capacitor is added in series 
with the input, as shown in Figure 3; the capacitor must be 
non-polar. If the AD636 is driven with power supplies with 
a considerable amount of high frequency ripple, it is advisable 
to bypass both supplies to ground with O.I/lF ceramic discs as 
near the device as possible. CF is an optional output ripple 
filter, as discussed elsewhere in this data sheet. 

The input and output signal ranges are a function of the sup
ply voltages as detailed in the specifications. The AD636 can 
also be used in an unbuffered voltage output mode by dis
connecting the input to the buffer. The output then appears 
unbuffered across the 10k resistor. The buffer amplifier can 
then be used for other purposes. Further, the AD636 can be 
used in a current output mode by disconnecting the 10k re
sistor from the ground. The output current is available at 
pin 8 (pin 10 on the "H" package) with a nominal scale 
of 100/lA per volt rms input, positive out. 

Figure 1. Standard rms Connection 

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 
If it is desired to improve the accuracy of the AD636, the 
external trims shown in Figure 2 can be added. R4 is used to 
trim the offset. The scale factor is trimmed by using Rl 
as shown. The insertion of R2 allows Rl to either increase 
or decrease the scale factor by ±1.5%. 

The trimming procedure is as follows: 
1. Ground the input signal, VIN, and adjust R4 to give zero 
volts output from pin 6. Alternatively, ~ can be adjusted to 
give the correct output with the lowest expected value of VIN. 
2. Connect the desired full scale input level to VIN, either 
dc or a calibrated ac signal (lkHz is the optimum frequency); 
then trim R. to give the correct output from pin 6, i.e., 
200mV dc input should give 200mV dc output. Of course, a 
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±200mV peak-to-peak sinewave should give a 141.4mV dc out
put. The remaining errors, as given in the specifications, are 
due to the nonlinearity. 

SINGLE SUPPLY CONNECTION 
The applications in Figures 1 and 2 assume the use of dual 
power supplies. The AD636 can also be used with only a 
single positive supply down to +5 volts, as shown ·in 
Figure 3. Figure 3 is optimized for use with a 9 volt battery. 
The major limitation of this connection is that only ac 
signals can be measured since the input stage must be biased 
off ground for proper operation. This biasing is done at pin 
10; thus it is critical that no extraneous signals be coupled into 
this point. Biasing can be accomplished by using a resistive 
divider between +Vs and ground. The values of the resistors 
can be increased in the interest of lowered power consump
tion, since only 1 microamp of current flows into pin 10 (pin 
2 on the "H" package). Alternately, the COM pin of some 
CMOS ADCs provides a suitable artificial ground for the 
AD636. AC input coupling requires only capacitor Cz as 
shown; a dc return is not necessary as it is provided internally. 
C2 is selected for the proper low frequency break point with 
the input resistance of 6.7k.l1; for a cut-off at 10Hz, Cz should 
be 3.3/lF. The signal ranges in this connection are slightly more 
restricted than in the dual supply connection. The load resis
tor, RL, is necessary to provide current sinking capability. 

Figure 2. Optional External Gain and Output Offset Trims 

CAY 

..------1- J.!+----~ 

Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 
The AD636 will compute the rms of both ac and dc signals. 
If the input is a slowly-varying dc voltage. the output of the 
AD636 will track the input exactly. At higher frequencies. 
the average output of the AD636 will approach the rms value 
of the input signal. The actual output of the AD636 will differ 
from the ideal output by a dc (or average) error and some 
amount of ripple. as demonstrated in Figure 4. 

'. 
IDEAL 

'. I DC ERROR = 
Eo - Eo (lDEALI 

TIME 

Figure 4. Typical Output Waveform for Sinusoidal Input 

The de error is dependent on the input signal frequency and 
the value of CA V. Figure 5 can be used to determine the mini
mum value of CAY which will yield a given % dc error above 
a given frequency using the standard rms connection. 

,.0 

"- "- '- I ~ 'l 
"- r-.. .I.,L ~t§ 

"- Kl I 
%~ 

I\. 
r-..,. t+~ r-.. 

%., 

I~ r-.. 

'0 

VAlUESFORC ... vAND r-.. l%SETTLING TIME 
FORSTATED%OFAEADING 
AVERAGING ERROR-
ACCURACY:!: 20%DUETO 
COMPONENT TOLERANCE 

_I.~!EU~ + ~RlP~L~IP •• kl r-.. 0.01 , 100 111 
INPUT FREQUENCY _ Hz 

"- r-.. 
'Ok 

, 00 

, 

0.01 
,.ok 

Figure 5. ErrorlSettling Time Graph for Use with the Standard 
rms Connection 

The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 
a large value of CAV . Since the ripple is inversely proportional 
to CA V. a tenfold increase in this capacitance will effect a ten
fold reduction in ripple. When measuring waveforms with high 
crest factors, (such as low duty cycle pulse trains). the aver
aging time constant should be at least ten times the signal peri
od. For example, a 100Hz pulse rate requires a lOOms time 
constant, which corresponds to a 4pF capacitor (time con
stant = 25ms per pF). 

10.0 

~~~~l~~~ATIVE 7.5 '" TO SETTLING 
TIME AT 
2DOmVrms 5.0 

2.5 

'.0 

lmV 

"'" ""- ""-.. 

10mV l00mV 

ImS INPUT LEVEL 

Figure 6. Settling Time vs. Input Level 
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AD636 
The primary disadvantage in using a large CA V to remove rip
ple is that the settling time for a step change in input level i< 
increased proportionately. Figure 5 shows the the relationship 
between CA V and 1 % settling time is 115 milliseconds for 
each microfarad of CAV. The settling time is twice as great 
for decreasing signals as for increasing signals (the values in 
Figure 5 are for decreasing signals). Settling time also in
creases for low signal levels, as shown in Figure 6. 

A better method for reducing output ripple is the use of a 
"post-filter". Figure 7 shows a suggested circuit. If a single
pole filter is used (C3 removed, Rx .horted), and C2 is approx
imately 5 times the value of CAV, the ripple is reduced as 
shown in Figure 8, and settling time is increased. For ex-
ample, with CAY = 1pF and Cz = 4.7pF, the ripple for a • 
60Hz input is reduced from 10% of reading to approximate- I 

Iy 0.3% of reading. The settling time, however, is increased 
by approximately a factor of 3. The values of CA V and Cz 
can therefore be reduced to permit faster settling times 
while still providing substantial ripple reduction. 

Figure 7. 2 Pole "Post" Filter 

The two-pole post-filter uses an active filter stage to provide 
even greater ripple reduction without substantially increasing 
the settling times over a circuit with a one'pole filter. The 
values of CA V, C2 , and C3 can then be reduced to allow ex
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of CA V, 
since the de error is dependent upon this value and is inde
pendent of the post filter. 

For a more detailed explaination of these topics refer to 
the RMS-to-OC Conversion Application Guide, 2nd Edition, 
available from Analog Devices. 
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Figure 8. Performance Features of Various Filter Types 
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AD636 - RMS Measurement 
AD636 PRINCIPLE OF OPERATION 
The AD636 embodies an implicit solution of the rms equa
tion that overcomes the dynamic range as well as other limi
tations inherent in a straight-forward computation of rms_ 
The actual computation performed by the AD636 follows 
the equation: 

Vnns = Avg. [ 
VIN 2 ] 

Vnns 

Figure 9 is a simplified schematic of the AD636; it is sub
divided into four major sections: absolute value circuit (ac-
tive rectifier), squarer/divider, current mirror, and buffer am
plifier. The input voltage, VIN , which can be ac or dc, is con
verted to a unipolar current II, by the active rectifier AI, A2. 
II drives one input of the squarer/divider, which has the 
transfer function: 

14 = 11 2/1 3 

The output current, 14 , of the squarer/divider drives the cur
rent mirror through a low pass filter formed by R I and the 
externally connected capacitor, CAY. If the R I , CAY time 
constant is much greater than the longest period of the input 
signal, then 14 is effectively averaged. The current mirror re
turns a current 13, which equals Avg. (14 ( , back to the squarer/ 
divider to complete the implicit rms computation. Thus: 

The current mirror also produces the output current, lOUT' 
which equals 21 4 • lOUT can be used directly or converted to 

a voltage with R2 and buffered by A4 to provide a low im
pedance voltage output. The transfer function of the AD636 
thus results: 

The dB output is derived from the emitter of Q3, since the 
voltage at this point is proportional to -log V IN. Emitter fol
lower, Us, buffers and level shifts this voltage, so that the 
dB ou tpu t voltage is zero when the externally supplied 
emitter current (lREF) to Qs approximates 13 , 

ABSOLUTE VALUE! 
VOLTAGE - CURRENT 

CONVERTER 

20k .. 

CURRENT MIRROR 

Figure 9. Simplified Schematic 
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THE AD636 BUFFER AMPLIFIER 
The buffer amplifier included in the AD636 offers the user 
additional application flexibility. It is important to understand 
some of the characteristics of this amplifier to obtain optimum 
performance. Figure 10 shows a simplified schematic of the 
buffer. 

Since the output of an rms-to-dc converter is always positive, 
it is not necessary to use a traditional complementary Class 
AB output stage. In the AD636 buffer, a Class A emitter 
follower is used instead. In addition to excellent positive out
put voltage swing, this configuration allows the output to 
swing fully down to ground in single-supply applications 
without the problems associated with most IC operational 
amplifiers. 

BUFFER 
INPUT 

'IIs 

-v, 

. 
I 
I 
I 
I 

I 
I 

------~--' 
RexTERNAL 

(OPTIONAL, see TEXT) 

Figure 10. AD636 Buffer Amplifier Simplified Schematic 

When this amplifier is used in dual-supply applications as an 
input buffer amplifier driving a load resistance referred to 
ground, steps must be taken to insure an adequate negative 
voltage swing. For negative outputs, current will flow from the 
load resistor through the 40kn emitter resistor, setting up a 
voltage divider between -Vs and ground. This reduced effec
tive -Vs will limit the available negative output swing of the 
buffer. Addition of an external resistor in parallel with RE 
alters this voltage divider such that increased negative swing 
is possible. 

Figure 11 shows the value of REXTERNAL for a particular 
ratio of VPEAK to -Vs for several values of RLOAD. Addition 
of REXTERNAL increases the quiescent current of the buffer 
amplifier by an amount equal to REXT/-VS. Nominal buffer 
quiescent current with no REXTERNAL is 30llA at -VS = -5V. 
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Figure 11. Ratio of Peak Negative Swing to - Vs VI. 
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FREQUENCY RESPONSE 
The AD636 utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit, bandwidth 
is proportional to signal level. The solid lines in the graph be
low represent the frequency response of the AD63 6 at input 
levels from 1 millivolt to 1 volt rms. The dashed lines indi
cate the upper frequency limits for 1%, 10%, and ±3dB of 
reading additional error. For example, note that a 1 volt rms 
signal will produce less than 1 % of reading additional error up 
to 220kHz. A 10 millivolt signal can be measured with 1% 
of reading additional error (100j.lV) up to 14kHz. 
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Figure 12. AD636 Frequency Response 
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AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy 

A COMPLETE AC DIGITAL VOLTMETER 
Figure 14 shows a design for a complete low power ac digital 
voltmeter circuit based on the AD636. The 10Mil input at
tenuator allows full scale ranges of 20OmV, 2V, 20V and 
200V rms. Signals are capacitively coupled to the AD636 
buffer amplifier, which is connected in an ac bootstrapped 
configuration to minimize loading. The buffer then drives 
the 6.7kil input impedance of the AD636. The COM termi
nal of the ADC chip provides the false ground required by 
the AD636 for single supply operation. An AD589 1.2 
volt reference diode is used to provide a stable 100 millivolt 
reference for the ADC in the linear rms mode; in the dB mode, 

AD636 
of an ac measurement. Crest factor is defined as the ratio of the 
the peak signal amplitude to the rms value of the signal (C.F. = 
Vp/Vrms)' Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors «2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 
in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1 % duty 
cycle has a crest factor of 10 (C.F. = 1I./Ti). 

Figure 13 is a curve of reading error for the AD6 3 6 for a 
200mV rms input signal with crest factors from 1 to 7. A rec
tangular pulse train (pulse width 200j.ls) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The du ty cycle and peak 
amplitude were varied to produce crest factors from 1 to 7 • 
while maintaining a constant 200mV rms input amplitude. l 

+0.5 

-1.0 
1 

-r---

7/ - DUTY CYCLE -~ 

CF·'/~ 

'IN frm&)= 200mV 

r--r-- I"- --
• 5 7 

CREST FACTOR 

Figure 13. Error lIS. Crest Factor 

a IN4148 diode is inserted in series to provide correction 
for the temperature coefficient of the dB scale factor. Cal
ibration of the meter is done by first adjusting offset pot 
R17 for a proper zero reading, then adjusting the R13 for an 
accurate readout at full scale. 

Calibration of the dB range is accomplished by adjusting R9 
for the desired OdB reference point, then adjusting R14 for 
the desired dB scale factor (a scale of 10 counts per dB is 
convenient). 

Total power supply current for this circuit is typically 
2.8mA using a 7106-type ADC. 

Figure 14. A Portable, High Z Input, rms DPM and dB 
Meter Circuit 
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AD636 
A LOW POWER, HIGH INPUT IMPEDANCE 
dB METER 
Introduction 
The portable dB meter circuit featured here combines the func
tions of the AD636rms converter, the AD5S9 voltage reference, 
and a fJ.A776 low power operational 'amplifier. This meter offers 
excellent bandwidth and superior high and low level accuracy 
while consuming minimal power from a standard 9 volt transis
tor radio battery. 

In this circuit, the built-in buffer amplifier of the AD636 is used 
as a "bootsttapped" input stage increasing the normal 6.7kO 
input Z to an input impedance of approximately 10100. 

Circuit Description 
The input voltage, VIN' is aC coupled by C. while resistor Rg, 

together with diodes D, and D2 , provide high input voltage 
protection. 

The buffer's output, pin 6, is ac coupled to the rms converter's 
input (pin 1) by capacitor C2 • Resistor ~ is connected between 
the buffer's output, a Class A output stage, and the negative 
output swing. Resistor R, is the amplifier's "bootstrapping" 
resistor. 

With this circuit, single supply operation is made possible by 
setting "ground" at a point between the positive and negative 
sides of the battery. This is accomplished by sending 250~ 
from the positive battery terminal through resistor R2 , then 
through the 1.2 volt AD5S9 bandgap reference, and finally back 
to the negative side of the battery via resistor RIO' This sets 
ground at 1.2 volts + 3.1S volts (250fJ.A x 12.7kO) = 4.4 volts 
below the positive battery terminal and 5.0 volts (250fJ.A x 
20kO) above the negative battery terminal. Bypass capacitors C3 

and Cs keep both sides of the battery at a low ac impedance to 
ground. The AD5S9 bandgap reference establishes the 1.2 volt 
regulated reference voltage which together with resistor R3 and 
trimming potentiometer R. set the zero dB reference current 
IREP' 

Performance Data 
OdB Reference Range = OdBm (770mV) to -20dBm (77mV) 
rms 

SIGNAL 

IN] 

O.1p.F 

R8 
47kfl 

1 WATT 

02 R9 
1N6263 10kO 

OdBm = 1 milliwatt in 6000 
Input Range (at IREP = 770mV) = 50dBm 
Input Impedance = approximately 10'QO 
VSUPPLY Operating Range +5V dc to +20V dc 
IQUIESCENT = 1. SmA typical 

Accuracy with 1kHz sinewave and 9 volt dc supply: 
OdB to -40dBm ±O.ldBm 
OdBm to -50dBm ±0.15dBm 
+ 10dBm to -50dBm ±O.5dBm 

Frequency Response :!:3dBm: 
Input 

OdBm = 5Hz to 380kHz 
-IOdBm = 5Hz to 370kHz 
- 20dBm = 5Hz to 240kHz 
-30dBm = 5Hz to 100kHz 
-40dBm = 5Hz to 45kHz 
-50dBm = 5Hz to 17kHz 

Calibration 
1. First calibrate the zero dB reference level by applying a 1kHz 

sinewave from an audio oscillator at the desired zero dB am
plitude. This may be anywhere from zero dBm (770mV rms 
- 2.2 volts p-p) to -20dBm (77mV rms 220mV - p-p). Ad
just the IREP cal trimmer for a zero indication on the analog 
meter. 

2. The final step is to calibrate the meter scale factor or gain. 
Apply an input signal -40dB below the set zero dB reference 
and adjust the scale factor calibration trimmer for a 40fJ.A 
reading on the analog meter. 

The temperature compensation resistors for this circuit may be 
purchased from: Tel Labs Inc., 154 Harvey Road, P.O. Box 
375, Londonderry, NH 03053, Part #Q332A 2kO 1% 
+3500ppmf'C or from Precision Resistor Company, 109 U.S. 
Highway 22, Hillside, NJ 07205, Part #PTl46 2kO 1% 
+ 3500ppml°C. 

ON/OFF 
1--+-_ ..... +:..;:4:;:,4..:.VO:;:L::.;TS=--___ .....orO-±j 1\1\ -

9VOLT 

-4.7 VOLTS 

ALL RESISTORS 114 WATT,% METAL FILM UNLESS OTHERWISE STATED EXCEPT 
* WHICH IS 2kO + 3500ppm 1% TC RESISTOR. . 

Figure 15. A Low Power, High Input Impedance dB Meter 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High Accuracy 

0.02% Max Nonlinearity, 0 to 2V RMS Input 
0.10% Additional Error to Crest Factor of 3 

Wide Bandwidth 
8MHz at 1V RMS Input 
600kHz at 100mV RMS 

Computes: 
True RMS 
Square 
Mean Square 
Absolute Value 

dB Output (&OdB Range) 
Chip Select-Power Down Feature Allows: 

Analog "3-State" Operation 
Quiescent Current Reduction from 2.2mA to 350fLA 

Side Brazed DIP, Low-Cost Cerdip and SOIC 

PRODUCT DESCRIPTION 
The AD637 is a complete high accuracy monolithic rms to dc 
converter that computes the true rms value of any complex 
waveform. It offers performance that is unprecedented in inte
grated circuit rms to de converters and comparable to discrete 
and modular techniques in accuracy, bandwidth and dynamic 
range. A crest factor compensation scheme in the AD637 permits 
measurements of signals with crest factors of up to 10 with less 
than 1% additional error. The circuit's wide bandwidth permits 
the measurement of signals up to 600kHz with inputs of 200mV 
rms and up to 8MHz when the input levels are above IV rms. 

As with previous monolithic rms converters from Analog Devices, 
the AD637 has an auxiliary dB output available to the user. The 
logarithm of the rms output signal is brought out to a separate 
pin allowing direct dB measurement with a useful range of 
6OdB. An externally programmed reference current allows the 
user to select the OdB reference voltage to correspond to any 
level between O.IV and 2.0V rms. 

A chip select connection on the AD637 permits the user to 
decrease the supply current from 2.2mA to 350fLA during periods 
when the rms function is not in use. This feature facilitates the 
addition of precision rms measurement to remote or hand-held 
applications where minimum power consumption is critical. In 
addition when the AD637 is powered down the output goes to a 
high impedance state. This allows several AD637s to be tied 
together to form a wide-band true rms multiplexer. 

The input circuitry of the AD637 is protected from overload 
voltages that are in excess of the supply levels. The inputs will 
not be damaged by input signals if the supply voltages are lost. 

REV. A 

High Precision, 
Wideband RMS-to-DC Converter 

AD637 I 
FUNCTIONAL BLOCK DIAGRAMS 

Ceramic DIP (D) and 
Cerdip (Q) Package SOIC (R) Package 

The AD637 is available in two accuracy grades (J, K) for com
mercial (0 to + 70"C) temperature range applications and one 
(S) rated over the - 55°C to + 125"<: temperature range. All 
versions are available in hermetically-sealed, 14-pin side-brazed 
ceramic DIPs as well as low-cost cerdip packages. A 16-pin 
SOle package is also available. 

PRODUCT HIGHLIGHTS 
I. The AD637 computes the true root-mean-square, mean square, 

or absolute value of any complex ac (or ac plus de) input 
waveform and gives an equivalent de output voltage. The 
true rms value of a waveform is more useful than an average 
rectified signal since it relates directly to the power of the 
signal. The rms value of a statistical signal is also related to 
the standard deviation of the signal. 

2. The AD637 is laser wafer trimmed to achieve rated performance 
without external trimming. The only external component 
required is a capacitor which sets the averaging time period. 
The value of this capacitor also determines low frequency 
accuracy, ripple level and settling time. 

3. The chip select feature of the AD637 permits the user to 
power down the device down during periods of nonuse, 
thereby, decreasing battery drain in remote or hand-held 
applications. 

4. The on-chip buffer amplifier can be used as either an input 
buffer or in an active filter configuration. The filter can be 
used to reduce the amount of ac ripple, thereby, increasing 
the accuracy of the measurement. 
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AD637 -SPECIFICATIONS (@ +25"C. and ±15V de unless otherwise noted.). 

Model AD637J AD637K AD637S 
Min Typ j\Iu MiD Typ Mao Min Typ Mao Uolto 

TRANSFER FUNCTION Vour = V .... (VIN>' Vour = V'VS. (V >' Vour = VIVS.(V >' 
CONVERSION Aa;URACY 

Total Error, Internal Triml (Fit. 2) :tl :to.S "'.5"'0.2 %1 :to.S mV ±%ofRcading 
TmintoTnax ::tl.' :tl.' :t2:.0 :to.3 ::t6::tO.1 mV ±%ofReadins 
vs. Supply, + VJN "" + 300mV 30 ISO 30 ISO 30 ISO "VN 
VS. Supply, - VJN "" - 300mV 100 lOG 100 lOG 100 - "VN 
de Revenal Error at 2V '.25 0.1 1.25 %ofRadiaa 

Nonlinearity 2V Fun Scale' '.04 0.12 '.04 %ofFSR 
Nonlinearity 7V FuD Scale 0.05 0.05 ... 5 %ofFSR 
Total Error, BxtcmaJ. Trim ±0.5 +0.1 ±O.2S :to.OS :to.S ::to.1 mV"%ofR,,td; 

ERROR VS. CREST FACTOR' 
CrcstFactor 1 to2 Specified Accwacy SpeciflcdAcouracy Specified Ac:cuncy 
Crest Factor = 3 :to.l zO.1 :to.1 %ofRadiaa 
Crcst.Factor "" 10 ±l.O :!:1.0 ±l.O %ofRadinl 

AVERAGING TIME CONSTANT 25 25 2 .mtI"FC. 
INFUTCHARACrERISTICS 

Signal Ranie, " 15V Supply 
Continuous nns Level Ot07 0",7 0 .. 7 Vrma 
Peak Transientlnput ±lS :tIS :tIS Vp-p 

Signal Range, ± 5VSupply 
Continuousrms Levd 0104 0104 0 .. 4 Vrm. 
Peak Transient Input ,,6 ,,6 ,,6 Vp-p 

Maximum Continuous Non-Destructive 
Input Level (All Supply Vol ..... ) :tIS ;tIS ±15 Vp-p 

Input Resistance 6.4 8 9.6 6.4 8 9.6 6.4 8 9.6 k!1 
Input Offset Voltage "0.5 ::to.2 ::to.S mV 

FREQUENCY RESPONSE' 
Bandwidth for l%odditional ....... (O.09dB) 

VIN = 20mV 11 11 11 kHz 
VIN = 200mV 66 66 66 kHz 
VIN=2V 200 200 200 kHz 

± 3dB Bandwidth 
V1N = 20mV 15O ISO 158 kHz 
VtN = 200mV I I I MHz 
Vu,,=2V 8 8 8 MHz 

OUTFUTCHARACTERISTICS 
Offset Voltage "'I :to.S ",I mV 

VI. Temperature ±O.OS ±O.089 "0.04 "'0.056 "0.04 :t:0.07 mVrc 
VoltageSwing, ± 15VSupply, 

2k.!lLoad Oto+12.0 +13.5 Oto +12.0 +13.5 Oto+12.' +13.5 V 
VoitageSwing, ±3VSupply, 

2k.!1Load Oto+2 +2.2 Oto+2 +2.2 Oto+2 +2.2 V 
OutputCUrreDt 6 6 6 mA 
Short Circuit Current 20 20 20 mA 
Resistanc:e,Chip SeJect "High" 0.5 0.5 0.5 .!I 
Resistance,Chip Select "Low" 100 100 100 k!1 

dBOUTFUT 
Error, VlN7mVto7Vnns,~B = IVrms ±O.5 ±O.3 ±O.5 dB 
Scale Factor -3 -3 -3 mVldB 
Scale Factor Temperature Coefl1cient +0.33 +0.33 +0.33 %ofReadingI"C 

-0.033 -0.033 -0.033 dBI"C 
IREPforOdB = IVrms 5 20 80 5 20 80 5 20 80 ."A 
IREFRangc: I 100 I 100 I 100 "A 

BUFFER AMPLIFIER 
Inputand Output Volt. Range -Vsto(+Vs -Vsto(+Vs -Vsto(+Vs 

-2.5V) -2.5V) -2.5V) V 
Input Offset Voltage ±O.S ",Z ±O.5 ",I ±O.S ",2 mV 
Input Current ,,2 ·"'10 ,,2 "'5 ,,2 "'10 nA 
Input RcsistllllCC 10' 10' 10' .!I 
OutputCurrent (+5mA, (+5mA, (+5mA, 

-130"A) -13O."A) -13O."A) 
Short Circuit Current 20 20 20 mA 
Small Signal Bandwidth I I I MHz 
SlewRa,te' 5 5 5 Vi .... 

DENOMINATORINFUT 
JnputRanie 010+10 010 + 10 010 + 10 V 
Input Resistance 20 25 30 20 25 30 20 25 30 k!1 
OffactVoltagc ±0.2 ±0.5 ±0.2 ±O.5 ±O.2 ±O.! mV 

CHIP SELECT PROVISION (CS) 
.... "ON"Levd Open or +2.4V<Vc< + Vs Openor + 2.4V<Vc< + Vs Openor +2.4V<Vc<+Vs 
.... "OFF' Level Vc<+0.2V Vc<+O.2V Vc<+0.2V 
lourofCbipSeIect 

CS"LOW" 1O 10 1O ."A 
CS"HIGH" Zero Zero Zero 

On Time Constanl 10",+ «25k!1) xC.v) 10 .... + «25k.!1) x CAV) lo,u + «25k!1) x C.v) 
Off Time Constant 10",+ «25k!1) xC.v) 10 .... + «Z5k.!1) x CAV) 10 .... + «25k!1) x C.v) 

POWERSUFPLY 
Operatins VoI_Ranie "'3.0 "'18 "'3.0 ",18 "'3.' ",11 V 
Quioocent Current 2.2 3 2.2 3 2.2 3 mA 
SrandbyCurmtt 358 4S8 358 4SO 350 450 ."A 
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Model AD637J 
Mill 1)p M .. Mia 

TRANSISTORCOUNT 107 

NOTES 
lAa:uncyIpClCifiedQ.7V nudcwilbAD637 couectcd..lhowD.inFiaure2. 
lNoaIiDcIrky ildcfiaed. the maimum dcviatioa from. tbcanip.t IiDeCODDeCtiaa tbe radinpat lOmV and 2V. 
JErroi'va.fi:Iat&ctorisl)JCCific:duadditioaalerrorforlVnu. 
"Input YOltlpl arcapraaed. ill volts nDI. "'arc in "'of radias. 
~ithcstmlll2kRpaUdownrailtorticd to - Vs. 
Spec:ificatiGatsabjec:tlOc:bIDpwitboataodc:e. 

AD637 
AD6J1K AD6J7S 

1)p - Mia 1)p - V.it. 

107 107 

Spccificatioaa IIhowD in ~ are teIIed. 011 all pnxIuction unita at fiaaI ekIctric:I1 tat. RaultJ from thole telts arc uted to CIk:ulate outpiDa QUIlit)' leftll. 
All _ ud mIX apecifiCItiom; are IJUU'Uteed. IkbouP 0DIy thole IhowD in boIdfIce are teIIed. 011 III productioa UDitJ. 

ORDERING GUIDE 

Temperature Package Package 
Modell. 2 Range Description Option' 

AD637JD O"C to +70°C Side Brazed Ceramic DIP D-14 
AD637KD O"C to +70°C Side Brazed Ceramic DIP D-14 
AD637JQ O°C to +70°C Cerdip Q-14 
AD637KQ O°C to +70°C Cerdip Q-14 
AD637JR O°C to +70OC SOIC R-16 
AD637SD - SsoC to + l2SoC Side Brazed Ceramic DIP D-14 
AD637SD/883B - SsoC to + 12SoC Side Brazed Ceramic DIP D-14 
AD637SQ - S5°C to + 125°C Cerdip Q-14 
AD637SQ/883B -55°C to + 125°C Cerdip Q-14 

NOTES 
I"J" and US" grade chips are also available. 
'Slandard Mililary Drawing, 5962-89637, is also available. 
JFor outline information see Package Information section. 

I 
BUFFER I BUFF IN c;,;r-----I 

AMPLIFIER I 
I 
I 

-- - ----- ------1 
24kU 11 _ I 

ABSOLUTE VALUE VOLTAGE
CURRENT CONVERTER 

ONE QUADRANT 
SQUARER/DIVIDER 

3 
COM 

4 
OUTPUT 
OFFSET 

5 
cs 

6 
DEN 

INPUT 

Figure 1. Simplified Schematic 
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Chip Dimensions and Bonding Diagram 
Dimensions shown in inches and (mm). 

14 
BUFF 

7 B 
dB CAY 

OUT 

FIL TERIAMPUFIER 

"MS 
OUT 

0 •• 
INPUT 

OUTPUT 
OfFSET 

9 
RMS 
OUT 
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AD637 
FUNCTIONAL DESCRIPTION 
The AD637 embodies an implicit solution of the rms equation 
that overcomes the inherent limitations of straightforward rms 
computation. The actual computation performed by the AD637 
follows the equation 

V rms = Avg [ ~:Us ] 

Figure 1 is a simplified schematic of the AD637, it is subdivided 
into four major sections; absolute value circuit (active rectifier), 
square/divider, ftlter circuit and buffer amplifier. The input 
voltage V IN which can be ac or de is converted to a unipolar 
current 11 by the active rectifier AI, A2. 11 drives one input of 
the squarer divider which has the transfer function 

112 
14=-

13 

The output current of the squarer/divider, 14 drives A4 which 
forms a low pass ftlter with the external averaging capacitor. If 
the RC time constant of the ftlter is much greater than the 
longest period of the input signal than A4s output will be pro
portional to the average of 14. The output of this ftlter amplifier 
is used by A3 to provide the denominator current 13 which 
equals Avg. 14 and is returned to the squarer/divider to complete 
the implicit rms computation. 

[ 112 ] 
14 = Avg I." = II rms 

and 

VOUT = VIN rms 

If the averaging capacitor is omitted the AD637 will compute 
the absolute value of the input signal. A nominal 5pF capacitor 
should be used to insure stability. The circuit operates identically 
to that of the rms configuration except that 13 is now equal to 
14 giving 

112 
14=-

14 

14=1111 

The denominator current can also be supplied externally by 
providing a reference voltage, VREF' to pin 6. The circuit operates 
identically to the rms case except that 13 is now proportional to 
VREF. Thus: 

and 

VIN2 
Vo=-

VDEN 

This is the mean square of the input signal. 

STANDARD CONNECTION 
The AD637 is simple to connect for a majority of rms measure
ments. In the standard rms connection shown in Figure 2, only 
a single external capacitor is required to set the averaging time 
constant. In this configuration, the AD637 will compute the 
true rms of any input signal. An averaging error, the magnitude 
of which will be dependent on the value of the averaging capacitor, 
will be present at low frequencies. For example, if the ftlter 
capacitor CAY, is 4",F this error will be 0.1% at 10Hz and increases 
to 1% at 3Hz. If it is desired to measure only ac signals the 
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AD637 can be ac coupled through the addition of a nonpolar 
capacitor in series with the input as shown in Figure 2. 

The performance of the AD637 is tolerant of minor variations in 
the power supply voltages, however, if the supplies being used 
exhibit a considerable amount of high frequency ripple it is 
advisable to bypass both supplies to ground through a 0.1 ",F 
ceramic disc capacitor placed as close to the device as possible. 

The output signal range of the AD637 is a function of the supply 
voltages, as shown in Figure 3. The output signal can be used 
buffered or nonbuffered depending on the characteristics of the 
load. If no buffer is needed, tie buffer input (pin 1) to common. 
The output of the AD637 is capable of driving 5mA into a 2kfl 
load without degrading the accuracy of the device. 

Figure 2. Standard RMS Connection 

0 

" 
/ 

10 / 
/ 

/ 
+ + 3 _5 + .10 :1:15 :1:18 

SUPPLY VOLTAGE - DUAL SUPPLY _ Volts 

Figure 3. AD637 max VOUT vs. Supply Voltage 

CHIP SELECT 
The AD637 includes a chip select feature which allows the user 
to decrease the quiescent current of the device from 2.2mA to 
350",A. This is done by driving the CS, pin 5, to below 0.2V 
dc. Under these conditions, the output will go into a high im
pedance state. In addition to lowering power consumption, this 
feature permits bussing the outputs of a number of AD637s to 
form a wide bandwidth rms multiplexer. If the chip select is not 
being used, pin 5 should be tied high. 

OPTIONAL TRIMS FOR HIGH ACCURACY 
The AD637 includes provisions to allow the user to trim out 
both output offset and scale factor errors. These trims will 
result in significant reduction in the maximum total error as 
shown in Figure 4. This remaining error is due to a nontrimmable 
input offset in the absolute value circuit and the irreducible 
nonlinearity of the device. 
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The trimming procedure on the AD637 is as follows: 

1. Ground the input signal, VIN and adjust Rl to ghle OV output 
from pin 9. Alternatively Rl can be adjusted to give the 
correct output with the lowest expected value of V IN. 

2. Connect the desired full scaJe input to VIN, using either a dc 
or a calibrated ac signal, trim R3 to give the correct output 
at pin 9, i.e., IV dc should give I.000V dc output. Of course, 
a 2V peak-to-peak sine wave should give 0.707V dc output. 
Remaining errors are due to the nonlinearity. 

2.5 ~-+--""~:-\-\f~~ 

Figure 4. Max Total Error vs. Input Level AD637K Internal 
and External Trims 

SCAlE FACTOR ADJUST. 
±2% 

., 

Figure 5. Optional External Gain and Offset Trims 

CHOOSING THE AVERAGING TIME CONSTANT 
The AD637 will compute the true rms value of both dc and ac 
input signals. At dc the output will track the absolute value of 
the input exactly; with ac signals the AD637's output will approach 
the true rms value of the input. The deviation from the ideal 
rms value is due to an averaging error. The averaging error is 
comprised of an ac and dc component. Both components are 
functions of input signal frequency f, and the averaging time 
constant T (T: 25mslILF of averaging capacitance). As shown in 
Figure 6, the averaging error is defmed as the peak value of the 
ac component, ripple, plus the value of the dc error. 

The peak value of the ac ripple component of the averaging 
error is defmed approximately by the relationship: 

6.~ in % of reading where (T> lIf) 
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E. 
IDEAL 
E. 

AD637 

/DC ERROR. AVERAGE OF OUTPUT-IDEAL 

~~~~BC~~~ . - :r":-":-1" A;ERAGING ERROR 

DOUBLE-FREOUENCY 
RIPPLE 

TIME 

Figure 6. Typical Output Waveform for a Sinusoidal Input 

This ripple can add a significant amount of uncertainty to the 
accuracy of the measurement being made. The uncertainty can 
be significantly reduced throngh the use of a post filtering network 
or by increasing the value of the averaging capacitor. • 

The dc error appears as a frequency dependent offset at the 
output of the AD637 and follows the equation: 

__ -,1,--::: in % of reading 
0.16 + 6.+r2f2 

Since the averaging time constant, set by CAY, directly sets the 
time that the rms converter "holds" the input signaJ during 
computation, the magnitude of the dc error is determined only 
by CAY and will not be affected by post filtering. 

"'" • '" 
'" PEAK RIPPLE 

0'\ '" H DC ERROR 

1\ '" \ J"., .1 
1 

SlNEWAVE INPUT FREQUENCY _ Hz 

Figure 7. Comparison of Percent dc Error to the Percent 
Peak Ripple over Frequency Using the AD637 in the Stan
dard RMS Connection with a 1 xJLF CAY 

The ac ripple component of averaging error can be greatly reduced 
by increasing the value of the averaging capacitor. There are 
two major disadvantages to this: first, the value of the averaging 
capacitor will become extremely large and second, the settling 
time of the AD637 increases in direct proportion to the value of 
the averaging capacitor (Ts = 115msllLF ofaveragingcapacitance). 
A preferrable method of reducing the ripple is through the use 
of the post filter network, shown in Figure 8. This network can 
be used in either a one or two pole configuration. For most 
applications the single pole filter will give the best overall com
promise between ripple and settling time. 
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AD637 

icz 
A, 

"" .. 

V Figure 8. Two Pole Sal/en-Key Filter 

AM. 
OUTPUT 

FOR 1 POLE 
ALTER,SHORT 

All AND 
REMOvtC3 

F"J81Ue 9a shows values of CAY and the corresponding averqiDg 
error as a fundion of sine-wave frequency for the slllDdard rms 
ccmnec:tion. The 1% settling time is shown on the right side of 
the graph. 

Figure 9b shows the relationship between averqiDg error, signal 
frequency sett1ing time and averqiDg capacitor value. This 
graph is drawn for filter capacitor values of 3.3 times the averaging 
capacitor value. This ratio sets the magnitude of the at and de 
erron equal at 50Hz. As an eumple, by using a I,..F averqiDg 
capacitor and a 3.3,..F filter capacitor the ripple for a 60Hz 
input signal will be reduced from S .3% of reading using the 
averqiDg capacitor alone to O.IS% using the single polci filter. 
This gives a factor of thirty reduction in ripple and yet the 
aettIing time wou1d only increase by a factor of three. The values 
of CAY and Cz, the filter capacitor, can be calculated for the 
desired value of averaging error and settling time by using 
Figure 9b. 

".. I 
"~ =~ 

'. ~ 

~ 
~ 

I~ 
VALUESFORc..\lAND 
'%SEmlNGTlME 
FORSTATED%OFREAOING 

,., 
AVERAQINGERROR-
ACCURACY:t:2O"JIoDUETO 
COMPONIENTTOLERANCE 

-'.%~~~dR + ~RI~~I""kl 
0.01 , 

1'\ 

", , 

" 

"-
1'\ 

'\ 

100 1. , .. 
INPUT FREQUENCY-HI: 

Figure 9a. 

VALUES OFC..,,,andC,AND ,"'SETTLING nME 
FORSTATEO"40FRUDlNQAYEAAGINGEfIROR-
FOR 1 POLE POST AI. TER 

-'I/o de: ERROR + '" PEAK RIPPLE ACCURACY 
:t: 2D'!Io DUE TO COMPONENT TOLERANCE 

"t~1 I 
,.~~I 
~~ 
~ "-

''\ 

.'\ 

" INPUT FREQU£NCV _ Hz 

Figure 9b. 

I'\. 
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0.01 , ... 
, .. 
, 

, 

0.01 ,OO. 

The symmetry of the input signal also has an effect on the mq
nitude of the averqing error. Table I gives practicaJ. toDlponent 
values for various types of 60Hz input signals. Theae capacitor 
values can be directly scaled for frequencies other than 60Hz, 
i.e., for 30Hz double these values, for 120Hz they are halved. 

. 

C 

D 

InpulWlwtorm .......... 

I-T-I 

--iL\P~ 
Symmetrical Sin. W_ 

--~-~ 
SineWnewithdcOtfMt 

:fE~lL~ 
"",1 .. Tr.InW.lleform 

:---T--I 

fr::fu 

'12T 
H 
--~-

--~--
iE1L 
f8L 
---------------

Minimum 
Rxc..v 
Tim, ........ 

'"' 

101T-T21 

lorr-2T,1 

RecommendldC,,-y_dCZ 
Val_for1",""_ .. ln, 
Error(lleottzwlthT,,'6.1ms 1% 

Recommend" RMommlnded ~I 
Stll11d.rd "'",d 
v .... e"y V,I ... CZ 

0.47",F 1.S ... F 

O·8ZIlF 2.71lF 

6.8"F 22"F 

$.6"F 18"F 

Table I. Practical Values of CAV and C2 for Various Input 
Waveforms 

For app1ications that are extremely sensitive to ripple, the two 
po1c configuration is suggested. This configuration will mini
mize capacitor values and settling time while maximizing 
performance. 

Figure 9c can be used to determine the requited value of CAY, 

Cz and C3 for the desired 1evel of ripple and settling time. 

" 
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2POlESALLEN-KEYFILTER 
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Figure 9c. 
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FREQUENCY RESPONSE 
The frequency response of the AD637 at various signal1evels is 
shown in Figure 10. The dashed lines show the upper frequency 
limits for 1%, 10% and ::!: 3dB of additional error. For example, 
note that for 1% additional error with a 2V rms input the highest 
frequency allowable is 200kHz. A 200mV signal can be measured 
with 1% error at signal frequencies up to 100kHz. 

. III ..... 
lV RMS INPUT "t:, ' 
2V AMS INPUT , \ ' 

, 1VRMS INPUT I 

.LUll '" ~ ~ 
I ~~3: I ~ , 

.. LJ.l ~ 
~ 

~ ,,< ~ 

, RMSINPUT / 

III " 
INPUT FREQUENCY - Hz 

Figure 10. Frequency Response 

To take full advantage of the wide bandwidth of the AD637 
care must be taken in the selection of the input buffer amplifier. 
To insure that the input signal is accurately presented to the 
converter, the input buffer must have a - 3dB bandwidth that 
is wider than that of the AD637. A point that should DOt be 
overlooked is the importance of slew rate in this app1ic:ation. 
For example, the minimum slew rate required for a IV rms 
5MHz sine-wave input signal is 44V/fI.S. The user is cautioned 
that this is the minimum rising or falling slew rate and that care 
must be ezerc:ised in the selection of the buffer amplifier as 
sOme amplifiers exhibit a two-to-one difference between rising 
and faIling slew rates. The AD845 is recommended as a precision 
input buffer. 

AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy of 
an ac measurement. Crest factor is defmed as the ratio of the 
peak signal amplitude to the rms value of the signal (C.F. = 
V,;v rmJ. Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors (s2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring in 
switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1% duty 
cycle has a crest factor of 10 (C.F. = 1/v:ij). 

Figure 12 is a curve of additional reading error for the AD637 
for a 1 volt rms input signal with crest factors from 1 to II. A 
rectsngu1ar pulse train (pulse width lOO",s) was used for this 
test since it is the worst-case waveform for rms measurement 
(all the energy is contained in the peaks). The duty cycle and 
peak amplitude were varied to produce crest factors from 1 to 
10 while maintaining a constsnt 1 volt rms input amplitude. 
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AD637 
CONNECTION FOR dB OUTPUT 
Another feature of the AD637 is the logarithmic or decibel 
output. The internal circuit which computes dB works well over 
a 60dB range. The connection for dB measurement is shown in 
Figure 14. The user selects the 0dB level by setting RI for the 
proper OdB reference current (which is set to exactly cancel the 
log output current from the squarer/divider circuit at the desired 
0dB point). The external op amp is used to provide a more 
convenient scale and to allow compensation of the +0.33%I"C 
temperature drift of the dB circuit. The special T.C. resistor R3 
is available from Tel Labs in Londenderry, New Hampshire 
(model Q-81) and from Precision Resistor Inc., Hillside, N.J. 
(model PTI46). 

.v. 

Figure 14. dB Connection 

dB CALWRATION 
1. Set VIN = I.00V dc or I.00V rms 

2. Adjust Rl for OdB out = O.OOV 

3. Set VIN = O.IV dc or O.IOV rms 

4. Adjust R2 for dB out = - 2.00V 

;~·~'E;J~LA8S011 
PREClIiION RESISTOR PTI41 
OR laUlVALENT 

Any other dB reference can be used by setting VIN and Rl 
accordingly. 

LOW FREQUENCY MEASUREMENTS 
If the frequencies of the signals to be measured are below 10Hz, 
the value of the averaging capacitor required to deliver even 1% 
averaging error in the standard rms connection becomes extremely 
large. The circuit shown in Figure IS shows an alternative method 
of obtaining low frequency rms measurements. The averaging 
time constant is determined by the product of Rand CAY!> in 
this circuit 0.5s1fJ.F of CAY. This circuit permits a 20: 1 reduction 
in the value of the averaging capacitor, permitting the use of 
high quality tantalum capacitors. It is suggested that the two 
pole Sallen-Key filter shown in the diagram be used to obtain a 
low ripple level and minimize the value of the averaging" 
capacitor. 

If the frequency of interest is below 1 Hz, or if the value of the 
averaging capacitor is still too large, the 20: 1 ratio can be increased. 
This is accomplished by increasing the value of R. If this is 
done it is suggested that a low input current, low offset voltage 
amplifier like the ADS48 be used instead of the internal buffer 
amplifier. This is necessary to minimize the offset error introduced 
by the combination of amplifier input currents and the larger 
resistance. 
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Figure 15. AD637 as a Low Frequency rms Converter 

VECTOR SUMMATION 
Vector summation can be accomplished through the use of two 
AD637s as shown in Figure 16. Here the averaging capacitors 
are omitted (nominal lOOpF capacitors are used to insure stability 
of the filter amplifier), and the outputs are summed as shown. 
The output of the circuit is 

,-____ ..,EXPANDABU.o-_____ -, 

Figure 16. AD637 Vector Sum Configuration 

This concept can be expanded to include additional terms by 
feeding the signal from pin 9 of each additional AD637 through 
a 10kfl resistor to the summing junction of the AD711, and 
tying all of the denominator inputs (pin 6) together. 

If CAY is added to ICI in this configuration the output is 

V V X 2 + V Y 2 If the averaging capacitor is included on both 

ICI and IC2 the output will be yv;[ + V/ 

This circuit has a dynamic range of lOY to IOmV and is limited 
only by the O.5mV offset voltage of the AD637. The useful 
bandwidth is 100kHz. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
COMPUTES 

True RMS Value 
Average Rectified Value 
Absolute Value 

PROVIDES 
200mV Full-Scale Input Range 

(Larger Inputs with Input Attenuator) 
High Input Impedance of 10120 
Low Input Bias Current: 25pA max 
High Accuracy: ± 0.3mV ± 0.3% of Reading 
RMS Conversion with Signal Crest Factors Up to 5 
Wide Power Supply Range: +2.8V, -3.2V 

to ±16.5V 
Low Power: 200 .... A max Supply Current 
Buffered Voltage Output 
No External Trims Needed for Specified Accuracy 
AD737 - An Unbuffered Voltage Output Version 

with Chip Power Down Is Also Available 

PRODUCT DESCRIPTION 
The AD736 is a low power, precision, monolithic true rms-to-dc 
converter. It is laser trimmed to provide a maximum error of 
± O.3m V ± 0.3% of reading with sine-wave inputs. Furthermore, 
it maintains high accuracy while measuring a wide range of 
input waveforms, including variable duty cycle pulses and triac 
(phase) controlled sine waves. The low cost and small physical 
size of this converter make it suitable for upgrading the per
formance of non-rms "precision rectifiers" in many applications. 
Compared to these circuits, the AD736 offers higher accuracy at 
equal or lower cost. 

The AD736 can compute the rms value of both ac and dc input 
voltages. It can also be operated ac coupled by adding one external 
capacitor. In this mode, the AD736 can resolve input signal 
levels of 100,... V rms or less, despite variations in temperature or 
supply voltage. High acccuracy is also maintained for input 
waveforms with crest factors of 1 to 3. In addition, crest factors 
as high as 5 can be measured (while introducing only 2.5% 
additional error) at the 200mV full-scale input level. 

The AD736 has its own output buffer amplifier, thereby providing 
a great deal of design flexibility. Requiring only 200 .... A of power 
supply current, the AD736 is optimized for use in portable 
multimeters and other battery powered applications. 

The AD736 allows the choice of two signal input terminals: a 
high impedance (10120) FET input which will directly interface 
with high Z input attenuators and a low impedance (8kO) input 
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Low Cost, Low Power 
True RMS-to-DC Converter 

AD736 I 
FUNCTIONAL BLOCK DIAGRAM 

which allows the measurement of 300mV input levels, while 
operating from the minimum power supply voltage of +2.8V, 
-3.2V. The two inputs may be used either singly or 
differentially. 

The AD736 achieves a 1% of reading error bandwidth exceeding 
10kHz for input amplitudes from 20mV rms to 200mV rms 
while consuming only ImW. 

The AD736 is available in four performance grades. The AD736} 
and AD736K grades are rated over the commercial temperature 
range of 0 to + 70"<:. The AD736A and AD736B grades are 
rated over the industrial temperature range of - 4O"C to + 85°C. 

The AD736 is available in three low-cost 8-pin packages: plastic 
mini-DIP, plastic SO and hermetic cerdip. 

PRODUCT HIGHLIGHTS 
1. The AD736 is capable of computing the average rectified 

value, absolute value or true rms value of various input 
signals. 

2. Only one external component, an averaging capacitor, is 
required for the AD736 to perform true rms measurement. 

3. The low power consumption of ImW makes the AD736 
suitable for many battery powered applications. 

4. A high input impedance of 10120 eliminates the need for an 
external buffer when interfacing with input attenuators. 

5. A low impedance input is available for those applications 
requiring up to 300mV rms input signal operating from low 
power supply voltages. 
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AD736 - SPEC I FI CATIONS ~e~s~~o~~~) supplies, ac coupled with 1kHz sine-wave input applied unless 

AD736J/A AD736KlB 

Model Conditio •• Min Typ Max Min Typ Max Vails 

TRANSFER FUNCTION VmlT VAVg.(VIN') VOUT VAvg.(VIN') 

CONVERSION ACCURACY 1kHz Sine Wave 
Total Error, Internal Triml ac Coupled U.ing C" 

All Grad •• 0-200mVnn. 0.3/0.3 0.5/0.5 0.2/0.2 0.310.3 :tmV/:t%ofReading 
200mV-IV nn. 1.2 ±2.0 1.2 ±2.0 % of Reading 

Tmin-Tmu 

A&BGrad.s (u 200mVnns 0.7/0.7 0.S/0.5 :!::mV/::!::%ofReadinl' 
J&KGrad •• (II 200mVnn. 0.007 0.007 :t % ofReading?C 

vs. Supply Voltage 
(II 200mV nnslnpul Vs :t SV to :t 16.SV 0 10.06 +0.1 0 +0.06 +0.1 %N 
(II 200mV nnslnput Vs :tSVto:t3V 0 0.18 -0.3 0 -0.18 -0.3 %N 

de Reversal Error, de Coupled (II 600mVde 1.3 2.5 1.3 2.5 % of Reading 
Noniinearity',0-200mV (II lOOmVrms 0 10.25 +0.35 0 +0.25 +0.35 % of Reading 
Total Error, External Trim 0-200mVnn. 0.1/0.5 0.1/0.3 ::tmV/±%ofReading 

ERROR vs. CREST FACTOR' 
Crest Factor 1 to 3 CAY, CF" lOOILF 0.7 0.7 % Additional Error 
Crest Factor = 5 CAY, CF = lOOILF 2.5 2.5 % Additional Error 

INPUT CHARACTERISTICS 
High Impedance Input (Pin 2) 

Signal Range 
Continuous rms Level Vs 12.8V, 3.2V 200 200 mVnns 
Continuous nns Level Vs :t SV to :t 16.5V I I Vnns 
Peak Transient Input Vs 12.8V, 3.2V ±0.9 ±0.9 V 
Peak Transient Input Vs :tSV :t2.7 :t2.7 V 
Peak Transient Input Vs - :t 16.5V ±4.0 ±4.0 V 
Input Resisrance 10" 10" .n 
Input Bias Current :tSV I 25 I 25 pA 

Low Impedance Input (Pin I) 
Signal Range 

Continuous rms Level Vs= + 2.SV, - 3.2V 300 300 mVrms 
Continuous rms Level Vs= :t5Vto:t 16.5V I I Vrms 
Peak Transient Input Vs= +2.SV, -3.2V :t 1.7 :t1.7 V 
Peak Transient Input Vs= :t5V :t3.S :t3.S V 
Peak Transient Input Vs= :t 16.5V :til :til V 
Input Resistance 6.4 S 9.6 6.4 S 9.6 k.!l 

MuimumContinuous Non-
Destructive Input All Supply Voltages :t12 ±12 Vp-p 

InputOffsetVoltage4 acCoupled 
J&KGrades ±3 ±3 mV 
A&BGrades ±3 :U mV 
VI. Temperature 8 30 8 30 ILvre 
... Supply Vs= ±5Vto ± 16.5V 50 ISO 50 ISO ILVN 
vs.Supply Vs= ±5Vto ±3V SO 80 p.VN 

OUTPUTCHARACTERlSTICS 
Output Offset Voltage 

J&KGrades ±O.I ±O.S ±O.I ±0.3 mV 
A&BGrades ±O.S ±0.3 mV 

VI. Temperature I 20 I 20 ILvre 
... Supply Vs= ±5Vto±16.SV 50 130 50 130 p.VN 

V,= ±SVIO ±3V 50 50 p.VN 
OutpUt Voltage Swing 

2k.!lLoad V,= +2.8V, -3.2V Oto +1.6 +1.7 Oto +1.6 +1.7 V 
2k.!l Load V,= :t5V 010 +3.6 +3.8 010+3.6 +3.S V 
2k.!lLood Vs= ± 16.5V 010+4 +5 010+4 +5 V 
NoLood Vs= ± 16.5V 010+4 +12 010+4 +12 V 

OutpUt Current 2 2 rnA 
Sbon-Circuit Current 3 3 rnA 
OutpUt Resistance @dc 0.2 0.2 .n 

FREQUENCY RESPONSE 
High Impedance Input (Pin 2) 

For 1% Additional Error Sine· W ... lnput 
VIN = ImVrms 1 I kHz 
VIN = IOmVnns 6 6 kHz 
VIN = 1000Vnns 37 37 kHz 
VIN = 200mV nns 33 33 kHz 

± 3dB Bandwidth Sine-W ... lnput 
VIN = ImVnns 5 5 kHz 
VIN = IOmVnns 55 55 kiu 
VIN = 1000Vnns 170 170 kHz 
VIN = lOOmVrms 190 190 kHz 
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AD736 
AD136JIA AD136KIB 

Mode1 Conditioas Min Typ Max Min Typ Max Uaits 

FREQUENCY RESPONSE 
Low lmpedance Input (Pin I) 

For 1% Additional Error Sine-Wave Input 
VIN = ImVnns 1 1 kHz 
VIN = IOmVnns 6 6 kHz 
VIN = lOOmV nns 90 90 kHz 
VIN = 200mVnns 90 90 kHz 

± 3dB Bandwidth Sine-Wave Input 
VIN = ImVnns 5 5 kHz 
VIN = 10mV nns 55 55 kHz 
VIN = lOOmV nns 350 350 kHz 
VIN = 200mV nns 460 460 kHz 

POWER SUPPLY 
Operating Voltage Range +2.8,-3.2 ±5 ±16.5 +2.8,-3.2 ±5 ±16.5 Volts 
Quiescent Current Zero Signal 160 200 160 200 ",A 

200mV nns, No Load Sin.,. Wave Input 230 270 230 270 II-A 
TEMPERATURE RANGE 

Operating, Rated Perfonnance 
Commercial (0 to +7O'C) AD736J AD736K 
Industrial ( - 4O'C to + 85"C) AD736A AD736B 

NOTES 
'Accuracy is specifH:d with the AD736 COlIIIected as shown in Figure 16 with capacitor Ce. 
2Nonlinearity is defmcd as the maximum deviation (in percent error) from a straight line connecting 
the readi.as at 0 and 200mV rms. Output off .. , voltage is adjusted 10 zero. 

3Error vs. Crest Factor i, specified as additional error for a 200mV nns signal. C.F. = VPEAKIV rms. 
4DC offset does not limit ac resolution. 

Specifications are subject to change without notice. 
Specifications shown in bokIface ate tested on aU production units at fmal electrical test. 
Results from those tests are used to cak:ulate outgoing quality levels. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option· 

AD736JN O°Cto + 70°C Plastic Mini-DIP N-S 
AD736KN O°Cto + 70°C Plastic Mini-DIP N-S 
AD736JR OOCto + 70°C Plastic SOIC R-S 
AD736KR O°Cto + 70°C Plastic SOIC R-S 
AD736AQ -4Q°Cto +SsoC Cerdip Q-S 
AD736BQ - 4Q°C to + SsoC Cerdip Q-S 

*For outline information aee Package Information section. 

REV. A 

ABSOLUTE MAXIMUM RATINGS l 

Supply Voltage .. . . . . 
Internal Power Dissipation2 

Input Voltage ...... . 
Output Short -Circuit Duration 
Differential Input Voltage 
Storage Temperature Range (Q) 
Storage Temperature Range (N, R) 
Operating Temperature Range 

±16.SV 
200mW 

. . ±Vs 
Indefinite 

+Vs and -Vs 
- 6SoC to + IS0°C 
- 650C to + I2SoC 

AD736J/K ........... . . . 0 to + 70°C 
AD736A1B ...... . . . . . - 4QOC to + 8SoC 

Lead Temperature Range (Soldering 6Osec) . . . . .. + 300°C 

NOTES 
IStresses above those listed. under "Absolute Maximum. Ratings" may cause per
manent damase to the device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum ratins conditions for extended perioda may affect device reliability. 

'8-Pin Plastic Package: 0IA = l65"CIW 
8-PinCerdipPackase: OIA = 1lO'C1W 
8-PinSmalIOutlinePackase:OJA = l55"C1W 
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AD736 - Typical Characteristics 
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CALCULATING SETTLING TIME USING FIGURE 14 

The graph of Figure 14 may be used to closely approximate the 
time required for the AD736 to settle when its input level is 
reduced in amplitude. The net time required for the rms converter 
to settle will be the difference between two times extracted from 
the graph - the initial time minus the ftnal settling time. As an 
example, consider the following conditions: a 33j.LF averaging 
capacitor, an initial rms input level of 100m V and a ftnal (reduced) 
input level of 1mV. From Figure 14, the initial settling time 
(where the 100mV line intersects the 33j.LF line) is around 8Oms. 

REV. A 

The settling time corresponding to the new or ftnal input level 
of ImV is approximately 8 seconds. Therefore, the net time for 
the circuit to settle to its new value will be 8 seconds minus 
80ms which is 7.92 seconds. Note that, because of the smooth 
decay characteristic inherent with a capacitor/diode combination, 
this is the total settling time to the fmal value (i.e., not the 
settling time to 1%,0.1%, etc., of fmal value). Also, this graph 
provides the worst case settling time, since the AD736 will 
settle very quickly with increasing input levels. 
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AD736 
TYPES OF AC MEASUREMENT 
The AD736 is capable of measuring ac signals by operating as 
either an average reSponding or a true rms-to-dc converter. As 
its name implies, an average responding converter computes the 
average absolute value of an ac (or ac and dc) voltage or current 
by full wave rectifmg and low-pass filtering the input signal; 
this will approximate the average. The resulting output, a dc 
"average" level, is then scaled by adding (or reducing) gain; this 
scale factor converts the dc average reading to an rms equivalent 
value for the waveform being measured. For example, the average 
absolute value of a sine-wave voltage is 0.636 that of YPEAK; the 
corresponding rms value is 0.707 times YPEAK• Therefore, for 
sine-wave voltages, the required scale factor is 1.11 (0.707 divided 
by 0.636). 

In contrast to measuring the "average" value, true rms measure
ment is a "universal language" among waveforms, allowing the 
magnitudes of all types of voltage (or current) waveforms to be 
compared to one another and to dc. RMS is a direct measure of 
the power or heating value of an ac voltage compared to that of 
dc: an ac signal of 1 volt rms will produce the same amount of 
heat in a resistor as a I volt dc signal. 

Mathematically, the rms value of a voltage is defmed (using a 
simplified equation) as: 

Y rms = v' Avg. (y2) 

This involves squaring the signal, taking the average, and then 
obtaining the square root. True rms converters are "smart 
rectifiers": they provide an accurate rms reading regardless of 
the type of waveform being measured. However, average re
sponding converters can exhibit very high errors when their 
input signals deviate from their precalibrated waveform; the 
magnitude of the error will depend upon the type of waveform 
being measured. As an example, if an average responding converter 
is calibrated to measure the rms value of sine-wave voltages, and 
then is used to measure either symmetrical square waves or dc 
voltages, the converter will have a computational error 11% (of 
reading) higher than the true rms value (see Table I). 

AD736 THEORY OF OPERATION 
As shown by Figure 16, the AD736 has five functional subsections: 

input amplifier, full-wave rectifier, rms core, output amplifier 
and bias sections. The FET input amplifier allows both a high 
impedance, buffered input (Pin 2) or a low impedance, wide
dynamic-range input (Pin I). The high impedance input, with 
its low input bias current, is well suited for use with high impedance 
input attenuators. 

The output of the input amplifier drives a full wave precision 
rectifier, which in turn, drives the rms core. It is in the core 
that the essential rms operations. of squaring, averaging and 
square rooting are performed, using an external averaging 
capacitor, CAV• Without CAV, the rectified input signal travels 
through the core unprocessed, as is done with the average 
responding connection (Figure 17). 

A fmal subsection, an output amplifier, buffers the output from 
the core and also allows optional low-pass filtering to be performed 
via external capacitor, Cp , connected across the feedback path of 
the amplifier. In the average responding connection, this is 
where all of the averaging is carried out. In the rms circuit, this 
additional filtering stage helps reduce any output ripple which 
was not removed by the averaging capacitor, CAV• 

L-----------~~~+~W~~~~~I~----~ 
10 .... F 

POSITIVESUPPLV---1 ..... --- .v, 
COMMON ___ I+-o_.,_,,~ 

T o.",'Il 
NEGATIVESUPPLY---+_-_ -Yo 

Figure 16. AD736TrueRMSCircuit 

Waveform Type Crest Factor True nus Value Average RespondiJla; %ofReading 
1 VoltPealt (VPEAKNnns) Circuit Calibrated to Error" Using 
Amplitude Read rms Value of Ave_ 

Sine Waves WiURead RespondiJla; 
Circuit 

Undistorted 1.414 0.707V 0.707V 0% 
SineWave 

Symmetrical 
Square Wave 1.00 I.00V I.IlV +11.0% 

Uowstorted 
Triaogle Wave 1.73 O.S77V O.sSSV -3.8% 

Gaussian 
Noise (98% of 
Peaks <I V) 3 0.333V 0.29SV -11.4% 

Rectangular 2 O:SV 0.278V 44% 
Pulse Train 10 O.IV O.OllV -89% 

SCR Waveforms 
SO% Duty Cycle 2 0.49SV 0.3S4V -28% 
2S% Duty Cycle 4.7 0.212V O.ISOV -30% 

*%ofRead' Error "" Average RespondingValue- True rms Value x 100% 
109 TruermsValue 

Table I. Errorlntroduced by an Average Responding Circuit When Measuring Common Waveforms 
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RMS MEASUREMENT - CHOOSING THE OPTIMUM 
VALUE FOR CAY 
Since the external averaging capacitor, CAY, "holds" the rectified 
input signal during rms computation, its value directly affects 
the accuracy ofthe rms measurement, especially at low frequencies. 
Furthermore, because the averaging capacitor appears across a 
diode in the rms core, the averaging time constant will increase 
exponentially as the input signal is reduced. This means that as 
the input level decreases, errors due to nonideal averaging will 
reduce while the time it takes for the circuit to settle to the new 
rms level will increase. Therefore, lower input levels allow the 
circuit to perform better (due to increased averaging) but increase 
the waiting time between measurements. Obviously, when select
ing CAY, a trade-off between computational accuracy and settling 
time is required. 

+v, 

'---------11-'+,.,....,,------' c.: 33flF 

POSInVESUPPLY --1--- +v, 
TO.1p.F 

COMMON ---1Ir--, 

NEGATIVE SUPPLY 
To.'~F¢' 
..... • -Vs 

Figure 17. AD736 Average Responding Circuit 

RAPID SETTLING TIMES VIA THE AVERAGE 
RESPONDING CONNECTION (FIGURE 17) 
Because the average responding connection does not use the CAY 
averaging capacitor, its settling time does not vary with input 
signal level; it is determined solely by the RC time constant of 
CF and the internal8kO resistor in the output amplifier's feedback 
path. 

DC ERROR, OUTPUT RIPPLE, AND AVERAGING 
ERROR 
FigUre 18 shows the typical output waveform of the AD736 
with a sine-wave input applied. As with all real-world devices, 
the ideal output of VOUT = V IN is never exactly achieved; instead, 
the output contains both a dc and an ac error component. 

E. 
IDEAL 
E. 

/ OC ERROR = E. - E.IlOEALI 

,. - ~ A;ERAGE Eo" E; 
DOUBLE-FREQUENCY 

RIPPLE 

TIME 

Figure 18. Output Waveform for Sine-Wave Input Voltage 
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Applying the AD736 
As shown, the de error is the difference between the average of 
the output signal (when all the ripple in the output has been 
removed by external filtering) and the ideal dc output. The dc 
error component is therefore set solely by the value of averaging 
capacitor used - no amount of post filtering (i.e., using a very 
large CF) will allow the output voltage to equal its ideal value. 
The ac error component, an output ripple, may be easily removed 
by using a large enough post filtering capacitor, CF• 

In most cases, the combined magnitudes of both the dc and ac 
error components need to be considered when selecting appropriate 
values for capacitors CAY and CF • This combined error, repre
senting the maximum uncertainty of the measurement is termed 
the "averaging error" and is equal to the peak value of the 
output ripple plus the dc error. 

As the input frequency increases, both error components decrease 
rapidly: if the input frequency doubles, the dc error and ripple 
reduce to 114 and 112 their original values, respectively, and 
rapidly become insignificant. 

AC MEASUREMENT ACCURACY AND CREST FACTOR 
The crest factor of the input waveform is often overlooked when 
determining the accuracy of an ac measurement. Crest factor is 
defmed as the ratio of the peak signal amplitude to the rms 
amplitude (C.F. = VPEAKN rms). Many common waveforms, 
such as sine and triangle waves, have relatively low crest factors 
(",2). Other waveforms, such as low duty cycle pulse trains and 
SCR waveforms, have high crest factors. These types of waveforms 
require a long averaging time constant (to average out the long 
time periods between pulses). Figure 6 shows the additional 
error vs. crest factor of the AD736 for various values of CAY' 

SELECTING PRACTICAL VALUES FOR INPUT 
COUPLING (Cd, AVERAGING (CAV) 
AND FILTERING (CF) CAPACITORS 
Table II provides practical values of CAY and CF for several 
common applications. 

AppIioaIion nos Low Mas Crest CAY CF 
InputLevel Frequeacy Factor 

C_ 
(-3dB) 

General Purpose ()'lV 20Hz 5 l50jLF IO)LF 
nnsComputation 200Hz 5 15jLF IjLF 

()'200mV 20Hz 5 33jLF IOjLF 
200Hz 5 3.3jLF I)LF 

General Purpose ()'IV 20Hz None 33jLF 
Average 200Hz None 3.3)LF 
Responding 

()'200mV 20Hz None 33jLF 
200Hz None 3.3)LF 

SCR Wavefonn ()'200mV 50Hz 5 loo)LF 33jLF 
Measurement 60Hz 5 82)LF 27)LF 

()'IOOmV 50Hz 5 5O)LF 33)LF 
60Hz 5 47)LF 27)LF 

Audio 
Applicstions 

Speech ()'200mV 300Hz 3 I.5)LF 0.5jLF 

Music: ()'IOOmV 20Hz 10 loo)LF 68)LF 

* Settling time is specified over the stated. rms input level wit:h the input sipaI.incrcasins from zero. 
Scnlina: times will be peater forclecreasiDg amplitude input aipali. 

Table II. AD737 Capacitor Selection Chart 

SettliDc 
Time* 
to 1% 

360m, 
36ms 

360ms 
36ms 

I.2see 
120m. 

I.2see 
120ms 

1.2tec 
1.0...: 

I.2see 
1.0...: 

ISm, 

2.<1..., 
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AD736 
The input coupling capacitor, Ce, in conjunction with the 8kO 
internal input scaling resistor, determine the - 3dB low frequency 
rolloff .. This frequency, FL is equal to: . 

F _ . I 
L - 211" (8,000) (The Value of Cc in Farads) 

Applications Circuits 
OPTlONAl 

Villi ACCOUPUNG 0-./ CAPACITOR 
.J. ...... 

,ov 

L-------------=C,~~+~~~~~~~~I------~ , ... 
Figure 19. AD736 with a High Impedance InputAttenuator 

AD548 Cc 

~+ ' •• F Cc 
-IN 2 • + 1 t-~--, 

. v" 
+IN O---------------\.!..l 

+ 
CF OPTtONAL 

10p.F 

Figure 20. Differential Input Connection 
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Note that at F L, the amplitude error will be approximately 
- 30% ( - 3dB) of reading. To reduce this error to 0.5% of 
reading, choose a value of Ce that sets FL at one tenth the lowest 
frequency to be measured. 

In addition, if the input voltage has more than l00mV of dc 
offset, than the ac coupling network shown in Figure 21 should 
be used in addition to capacitor Ce. 

DC 

v"o-c~o~u~~~m~~ ____ i!J 

~P1F I 
COUPLED :.f 

'·':1' 
-v, 

+ 
CF 10 .... F 

(OPTIONA.LI 

Figure 21. External Output Vos Adjustment 

Cc 

r-------------'-t+ '.pF 

c, I ~OPTIONAL) 
10p.F 

Figure 22. Battery Powered Option 

Figure 23. Low Z, AC Coupled Input Connection 
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~ANALOG 
WDEVICES 

FEATURES 
COMPUTES 

True RMS Value 
Average Rectified Value 
Absolute Value 

PROVIDES 
200mV Full-Scale Input Range 

(Larger Inputs with Input Attenuatorl 
Direct Interfacing with 3 112 Digit 

CMOS AID Converters 
Power Down Feature Which Reduces Supply Current 
High Input Impedance: 10'2 (} 
Low Input Bias Current: 25 pA max 
High Accuracy: ±0.2 mV ±0.30/0 of Reading 
RMS Conversion with Signal Crest Factors Up to 5 
Wide Power Supply Range: +2.8 V, -3.2 V 

to ±16.5 V 
Low Power: 160,..A max Supply Current 
No External Trims Needed for Specified Accuracy 
AD736 - A General Purpose, Buffered Voltage 

Output Version Also Available 

PRODUCT DESCRIPTION 
The AD737 is a low power, precision, monolithic true rms-to-dc 
converter. It is laser trimmed to provide a maximum error of 
±0.2 mV ±0.3% of reading with sine wave inputs. Further
more, it maintains high accuracy while measuring a wide range 
of input waveforms, including variable duty cycle pulses and 
triac (phase) controlled sine waves. The low cost and small 
physical size of this converter make it suitable for upgrading the 
performance of non-rms "precision rectifiers" in many applica
tions. Compared to these circuits, the AD737 offers higher accu
racy at equal or lower cost. 

The AD737 can compute the rms value of both ac and de input 
voltages. It can also be operated ac coupled by adding one exter
nal capacitor. In this mode, the AD737 can resolve input signal 
levels of 100 f.L V rms or less, despite variations in temperature 
or supply voltage. High accuracy is also maintained for input 
waveforms with crest factors of I to 3. In addition, crest factors 
as high as 5 can be measured (while introducing only 2.5% addi
tional error) at the 200 mV full-scale input level. 

The AD737 has no output buffer amplifier, thereby significantly 
reducing de offset errors occurring at the output. This allows 
the device to be highly compatible with high input impedance 
AID converters. 

Requiring only 160 f.LA of power supply current, the AD737 is 
optimized for use in portable multimeters and other battery 

REV. A 

Low Cost, Low Power, 
True RMS-to-OC Converter 

A0737 I 
FUNCTIONAL BLOCK DIAGRAM 

powered applications. This converter also provides a "power 
down" feature which reduces the power supply standby current 
to less than 30 f.LA. 

The AD737 allows the choice of two signal input terminals: a 
high impedance (1012 0) FET input which will directly interface 
with high Z input attenuators and a low impedance (8 kO) input 
which allows the measurement of 300 mV input levels while 
operating from the miuimum power supply voltage of +2.8 V, 
-3.2 V. The two inputs may be used either singly or 
differentially. 

The AD737 achieves a I % of reading error bandwidth exceeding 
10 kHz for input amplitudes from 20 mV rms to 200 mV rms 
while consuming only 0.72 mW. 

The AD737 is available in four performance grades. The 
AD737J and AD737K grades are rated over the commercial 
temperature range of 0 to + 70°C. The AD737 A and AD737B 
grades are rated over the industrial temperature range of -40°C 
to +85°C. 

The AD737 is available in three low cost, 8-pin packages: plastic 
mini-DIP, plastic SO and hermetic cerdip. 

PRODUCT HIGHLIGHTS 
I. The AD737 is capable of computing the average rectified 

value, absolute value or true rms value of various input 
signals. 

2. Only one external component, an averaging capacitor, is 
required for the AD737 to perform true rms measurement. 

3. The low power consumption of 0.72 mW makes the AD737 
suitable for many battery powered applications. 
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AD737 - SPEC I FI CAli ONS ~:e~s~~O::.)v supplies, ac coupled with 1 kHz sine wave input applied unless 

Model AD737J/A AD737KIB 
Coaditioas MiD Typ Max MiD Typ Max Units 

TRANSFER FUNCTION VOUT = - VA.g.IVIN', Your = - VAog.IVIN', 

CONVERSION ACCURACY I kHz Sine Wave 
Total Error, Intemal Trim' AC Coupled Using Cc 

All Grades 0-200mV rms 0.2/0.3 0.410.5 0.210.2 0.210.3 ±mV/±% of Reading 
200 mV-I V rms -1.2 0:2.0 -1.2 0:2.0 % of Reading 

Tmjn-Tmax 
±mV/±% of Reading MB Grades @200mVrms 0.5/0.7 0.3/0.5 

J&KGrades @200mVrms 0.007 0.007 ±% of ReadingI'C 
va. Supply Voltage 

@ 200 mV lID' Input Vs = ±5Vto ±16.5V 0 +0.06 +0.1 0 +0.06 +0.1 %IV 
@ 200 mV rms Input Vs = ±5 V to ±3 V ° -0.18 -0.3 ° -0.18 -0.3 %IV 

de Reversal Error, de Coupled @600mVde 1.3 2.5 1.3 2.5 % of Reading 
Nonlinearity', 0-200 mV @:IOOmVrms ° +0.25 +0.35 ° +0.25 +0.35 % ofReadiog 
Total Error, Exteroal Trim 0-200mV rms 0.1/0.2 0.1/0.2 ±mV/±% of Reading 

ERROR VS. CREST FACTOR 
Crest Factor I to 3 CAY, C. = 100 J.l.F 0.7 0.7 % Additiooal Error 
Crest Factor = 5 CAY' C. = 100 J.l.F 2.5 2.5 % Additiooal Error 

INPUT CHARACTERISTICS 
High lmpedsoce Input (Pin 2) 

Signal Range 
Contiouous rms Level Vs = +2.8 V, -3.2 V 200 200 mVrms 
Continuous rms Level V, = ±5 V to ±16.5 V 1 1 Vrms 
Peak Transient Input V, = +2.8 V. -3.2 V 0:0.9 0:0.9 V 
Peak Transient Input V, = ±5 V ±2.7 ±2.7 V 
Peak Transient Input Vs = ±16.5 V 0:4.0 0:4.0 V 
Input Resistance 10" 10" n 
'Input Bias Current V, = ±5 V I 25 I 25 pA 

Low lmpedsoce Input. (Pin I) 
Signal Range 

Continuous nus Level Vs = +2.8 V, -3.2 V 300 300 mVrms 
Continuous rms Level V, = ±5 V to ±16.5 V I I Vrms 
Peak Transient Input Vs = +2.8 V, -3.2 V ±1.7 ±1.7 V 
Peak Transient Input Vs = ±S V ±3.8 ±3.8 V 
Peak Transient Input Vs = ±16.5 V ±11 ±11 V 
Input Resistance 6.4 8 9.6 6.4 8 9.6 kO 

Maximum Continuous ~ 
Nondeat.ructive Input AU Supply Voltases ±12 ±12 Vp-p 

Input Offset Voltage" "" Coupled 
J&K Grades ±3 0:3 mV 
A&B Grsdes 0:3 0:3 mV 
vs. Temperature 8 30 8 30 J.l.vrc 
va. Supply Vs = ±S V to ±16.5 V SO ISO 50 ISO J.l.VN 
v,. Supply Vs = ±5 V to ±3 V 80 80 J.l.VN 

OUTPUT CHARACTERISTICS 
Output Voltage Swing 
No Load Vs = +2.8 V, -3.2 V o to -1.6 -1.7 o to -1.6 -1.7 V 
No Load Vs d, ±5 V o to -3.3 -3.4 o to -3.3 -3.4 V 
No Load Vs = ±16.5 V Oto -4 -5 Oto -4 -5 V 
OutpUt Resistance @de 6.4 8 9.6 6.4 8 9.6 kO 

FREQUENCY RESPONSE 
High Impedsoce Input (Pin 2) 

For 1% Additiooal Error Sine Wave Input 
VIN = ImVrm' I 1 kHz 
VIN = 10 mV rms 6 6 kHz 
VIN = 100 mV rms 37 37 kHz 
VIN = 200 mV rms 33 33 kHz 

±3 dB Bandwidth Sine Wave Input 
VIN = I mV rms 5 5 kHz 
VIN = 10mV lIDS 55 55 kHz 
VIN = 100 mV rms 170 170 kHz 
VIN = 200 mV rms 190 190 kHz 

FREQUENCY RESPONSE 
Low lmpedsoce Input (Pin I) 

For 1% Additiooal Error Sine Wave Input 
VIN = 1 mVrms I I kHz 
VIN = 10 mV rm, 6 6 kHz 
VIN = 100 mV rms 90 90 kHz 
VIN = 200 mV rms 90 90 kHz 

±3 dB Bandwidth Sine Wave Input 
VIN = ImVrms 5 5 kHz 
VIN = 10 mV rID' 55 55 kHz 
VIN = 100 mV rms 350 350 kHz 
VIN = 200 mV rms 460 460 kHz 
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Model AD737J/A AD737KIB 
Conditions MiD Typ Max MiD Typ Max 

POWER SUPPLY 
Operating Voltage Range +2.8,-3.2 ±5 ±16.5 +2.8,-3.2 ±5 ±16.5 
Quiescent Current Zero Signal 120 160 120 160 

V1N = 200 mV rms, No Load Sine Wave Input 170 210 170 210 
Power Down Mode Current Pin 3 tied to +Vs 25 40 25 40 

TEMPERATURE RANGE 
Operating, Rated Perfonnance 

Commercial (0 to + 7O"C) AD737J AD737K 
Industrial (-4O'C to +85'C) AD737A AD737B 

NOTES 
'Accuracy is specified with the AD737 connected as shown in Figure 16 with capacitor Ce. 
'Nonlinearity is defmed as the maximum deviation (in percent error) from a straight line connecting the readings at 0 and 200 mV rms. 
'Error vs. Crest Factor is specified as additional error for a 200 mV rms signal. C.F. = VPEAKN rms. 
'DC offset does not limit ac resolution. 

AD737 
Units 

V 
ItA 
!LA 
ItA 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage .......................... ±16.S V 
Internal Power Dissipation2 •••••••••••••••••• 200 m W 
Input Voltage ............................. ±Vs 
Output Short-Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N, R) ......• -65°C to + 125°C 
Operating Temperature Range 

AD737JIK ......................... 0 to + 700C 
AD737AIB ...................... -40°C to +S5°e 

Lead Temperature Range (Soldering 60 sec) ....... +300oe 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
28_Pin Plastic Package: alA = 165"CIW 
8-Pin Ceramic Package: alA = 1l0"C/W 
8-Pin SOIC: alA = ISS"CIW. 

REV. A 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD737JN ooe to +70OC Plastic Mini-DIP N-S 
AD737KN ooe to +70OC Plastic Mini-DIP N-S 
AD737JR ooe to +70oe sOle R-S 
AD737KR ooe to +70OC sOle R-S 
AD737AQ -40°C to +S5°e Cerdip Q-S 
AD737BQ -40°C to +S5°e Cerdip Q-S 

*For outline information see Package Information section. 
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AD737 - Typical Characteristics 
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AD737 
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Figure 13. Pin 2 Input Bias Current 
vs. Supply Voltage 

Figure 14. Settling Time vs. RMS Input 
Level for Various Values of CAV 

Figure 15. Pin 2 Input Bias Current vs. 
Temperature 

CALCULATING SETTLING TIME USING FIGURE 14 
The graph of Figure 14 may be used to closely approximate the 
time required for the AD737 to settle when its input level is re
duced in amplitude. The net rime required for the rms converter 
to settle will be the difference berween rwo times extracted from 
the graph - the initial time minus the final settling time. As an 
example, consider the following conditions: a 33 ILF averaging 
capacitor, an initial rms input level of 100 mV and a final (re
duced) input level of I mY. From Figure 14, the initial settling 
time (where the 100 mV line intersects the 33 ILF line) is around 
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80 ms. The settling time corresponding to the new or final input 
level of 1 m V is approximately 8 seconds. Therefore, the net 
time for the circuit to settle to its new value will be 8 seconds 
minus 80 ms which is 7.92 seconds. Note that, because of the 
smooth decay characteristic inherent with a capacitor/diode com
bination, this is the total settling time to the final value (i.e., IUlt 

the settling time to 1%,0.1%, etc., of final value). Also, this 
graph provides the worst case settling time, since the AD737 
will settle very quickly with increasing input levels. 
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AD737 
TYPES OF AC MEASUREMENT 
The AD737 is capable of measuring ac signals by operating as 
either an average responding Or true rms to de converter;. As its 
name implies, an average responding converter computes the 
average absolute value of an ac (or ac & dc) voltage or current 
by full wave rectifying and low pass filtering the input signal; 
this will approximate the average. The resulting output, a dc 
"average" level, is then scaled by adding (or reducing) gain; this 
scale factor convens the· dc average reading to an rms equivalent 
value for the waveform being measured. For example, the aver
age absolute value of a sine wave voltage is 0.636 that of V PEAK; 

the corresponding rms value is 0.707 times VPBAK' Therefore, 
for sine wave voltages, the required scale factor is 1.11 (0.707 
divided by 0.636). 

In contrast to measuring the "average" value, true rms measure
ment is a "universa11anguage" among waveforms, allowing the 
magnitudes of all types of voltage (or current) waveforms to be 
compared to one another and to dc. RMS is a direct measure of 
the power or heating value of an BC voltage compared to that of 
dc: an ac signal of 1 volt rms will produce the same amount of 
heat in a resistor as a 1 volt dc signal; 

Mathematically, the rms value of a voltage is defined (using a 
simplified equation) as: 

Vrms = VAvg. (Vi) 

This involves squaring the signal, taking the average, and then 
obtaining the square root. True rms conveners are "sman recti
fiers": they provide an accurate rms reading regardless of the 
type of waveform being measured. However, average responding 
converters can exhibit very high errors when their input signals 
deviate from their precalibrated waveform; the magnitude of the 
error will depend upon the type of waveform being measured. 
As an example, if an average responding convener is calibrated 
to measure the rms value of sine wave voltages, and then is used 
to measure either symmetrical square waves or dc voltages, the 
converter will have a computational error 11 % (of reading) 
higher than the true rms value (see Table I). 

AD~7TIBORYOFO~TION 
As shown by Figure 16, the AD737 has four functional subsec
tions: input amplifier, full wave rectifier, rms core and bias sec
tion. The FET input amplifJer allows both a high impedance, 
buffered input (Pin 2) or a low impedance, wide-dynamic-range 
input (Pin 1). The high impedance input, with its low input bias 
current, is well suited for use with high impedance input attenu
ators. The input signal may be either dc or ac coupled to the 
input amplifier. Unlike other rms conveners, the AD737 per
mits both direct and indirect ac coupling of the inputs. AC cou
pling is provided by placing a series capacitor between the input 
signal and Pin 2 (or Pin 1) for direct coupling and between Pin 
1 and ground (while driving Pin 2) for indirect coupling. 

The output of the input amplifier drives a full-wave precision 
rectifier, which in tum, drives the rms core. It is in the core 
that the essential rms operations of squaring, averaging and 
square rooting are performed, using an extema1 averaging capac
itor, CAY' Without CAY' the rectified input signal travels 
through the core unprocessed, as is done with the average re
sponding connection (Figure 17). 

v,. 

CA. 
3l •• 

posmvEsuPPLv--l.--.... ~ +Vs 

rO.,,,F 
COMMON --It---:::1 

TO.'" ~ 
NEGATIVE SUPPLY --~+---_. -Vs 

Figure 16. AD737 True RMS Circuit 

Wa_Type ClatFactor True RMS Vol .. A ...... Reopoadiag %oflleacliJll 
1 Volt Peak (VPEAKN RMS) Circuit CaU1moted to Enor" 
Amplitude Read RMS v ..... of A ...... 

SiDe w .... Will Reaci Reopoadiag 
CIrcuit 

Undi,torted 1.414 0.707 V 0.707 V 0% 
Sine Wave 
Symmetrical 
Square Wave 1.00 1.00 V 1.11 V +11.0% 

Undi,torted 
Triangle Wave 1.73 0.5nV 0.555 V -3.8% 

tilUSSIID 

Noise (98% of 
Peaks <1 V) 3 0.333 V 0.295 V -11.4% 

Rectangular 2 O.H 0.278 V 44% 
Pulse Train 10 0.1 V 0.011 V -89% 

SCR Waveforms 
50% Duty Cycle 2 0.495 V 0.354 V -28% 
25% Duty Cycle 4.7 0.212 V O.ISOV -30% 

" f Read· _ Average Responding Volue-True RMS Volue 
% 0 109 Error - True RMS Value x 100% 

Table I. Error Introduced by an Average Responding Circuit when Measuring Common Waveforms 
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A fmal subsection, the bias section, permits a "power down" 
function. This reduces the idle current of the AD737 from 
160 JLA down to a mere 30 ILA. This feature is selected by tying 
Pin 3 to the + V s terminal. In the average responding connec
tion, all of the averaging is carried out by an RC post filter con
sisting of an 8 kO internal scale-factor resistor connected 
berween Pins 6 and 8 and an external averaging capacitor, Cp • 

In the rms circuit, this additional filtering stage helps reduce 
any output ripple which was not removed by the averaging ca
pacitor, CAY' 

RMS MEASUREMENT - CHOOSING THE OPTIMUM 
VALUE FOR CAY 
Since the external averaging capacitor, CAY' "holds" the recti
fied input signal during rms computation, its value directly af
fects the accuracy of the rms measurement, especially at low 
frequencies. Furthermore, because the averaging capacitor ap
pears across a diode in the rms core, the averaging time constant 
will increase exponentially as the input signal is reduced. This 
means that as the input level decreases, errors due to nonideal 
averaging will reduce while the time it takes for the circuit to 
settle to the new rms level will increase. Therefore, lower input 
levels allow the circuit to perform better (due to increased aver
aging) but increase the waiting time berween measurements. Ob
viously, when selecting CAY' a trade-off between computational 
accuracy and settling time is required. 

RAPID SETTLING TIMES VIA THE AVERAGE 
RESPONDING CONNECTION (FIGURE 17) 
Because the average responding connection does not use an aver
aging capacitor, its settling time does not vary with input signal 
level; it is determined solely by the RC time constant of Cp and 
the internal 8 kO output scaling resistor. 

POSITIVESUPPLV __ 11-" __ • +Vs 

IO.,,...F 
COMMON --It--. 

NEGATIVESUPPLV I·"·F~ ~ -Vs 

Figure 17. AD737 Average Responding Circuit 

DC ERROR, OUTPUT RIPPLE, AND AVERAGING 
ERROR 
Figure 18 shows the typical output waveform of the AD737 
with a sine-wave input voltage applied. As with all real-world 
devices, the ideal output of VOUT = VIN is never exactly 
achieved; instead, the output contains both a dc and an ac error 
component. 

As shown, the dc error is the difference berween the average of 
the output signal (when all the ripple in the output has been 
removed by external filtering) and the ideal dc output. The de 
error component is therefore set solely by the value of averaging 
capacitor used -no amount of post filtering (i.e., using a very 
large Cp ) will allow the output voltage to equal its ideal value. 

REV. A 

Eo 
,DEAL 
Eo f DC EIOIIOR • ro- Eo 'IDEAL! 

l' -~ ... ;EAAGE Eo· i; 

TIME 

AD737 

Figure 18. Output Waveform for Sine Wave Input Voltage 

The ac error component, an output ripple, may be easily re
moved by using a large enough post ftitering capacitor, Cp • 

In most cases, the combined magnitudes of both the dc and 
ac error components need to be considered when selecting ap
propriate values for capacitors CAY and Cp • This combined er
ror, representing the maximum uncertainty of the measurement 
is termed the "averaging error" and is equal to the peak value of 
the output ripple plus the dc error. As the input frequency in
creases, both error components decrease rapidly: if the input 
frequency doubles, the dc error and ripple reduce to 114 and 112 
their original values respectively and rapidly become insignificant. 

AC MEASUREMENT ACCURACY AND CREST FACTOR 
The crest factor of the input waveform is often overlooked when 
determining the accuracy of an ac measurement. Crest factor is 
defined as the ratio of the peak signal amplitude to the rms am
plitude (CF = VPEAKN rms). Many common waveforms, such 
as sine and triangle waves, have relatively low crest factors (2::2). 
Other waveforms, such as low duty cycle pulse trains and SCR 
waveforms, have high crest factors. These types of waveforms 
require a long averaging time constant (to average out the long 
time periods berween pulses). Figure 6 shows the additional er
ror vs. crest factor of the AD737 for various values of CAY' 

SELECTING PRACTICAL VALUES FOR INPUT 
COUPLING (Cd, AVERAGING (CAV) AND FILTERING 
(Cp ) CAPACITORS 
Table II provides practical values of CAY and Cp for several 
common applications. 

Application RMS Low Max Crest CA. C, SettliJotl 
Input Level Frequency Factor Time· 

Cutoff 101% 
( -3 dB) 

General Purpose 0-1 V 20 Hz 5 150 "F 10 "F 360 ms 
RMS Computation 200 Hz 5 15 "F 1 "F 36ms 

0-200 mV 20 Hz 5 33 "F 10 "F 360m. 
200 Hz 5 3.3 "F 1 "F 36m. 

General Purpose 0-1 V 20 Hz None 331'F 1.2 sec 
Average 200 Hz None 3,3 "F 120ms 
Responding 

0-200 mV 20 Hz None 33 "F 1.2 sec 
200 Hz None 3,3 "F 120 ms 

SCR Waveform 0-200 m'l 50Hz 5 100 "F 33 "F 1.2 sec 
Measurement 60 Hz 5 82 "F 27 "F 1.0 sec 

0-100 mV 50 Hz 5 50 "F 33 "F 1.2 sec 
60 Hz 5 47 "F 27 "F 1.0 sec 

Audio 
Applications 

Speech 0-200 mV 300 Hz 3 1.5 "F 0,5 "F 18ms 

Music 0-100 mV 20 Hz 10 100 "F 68 "F 2.4 sec 

*Settiing time is specified over the stated rms input level with the input signal increasing from 
zero. Settling times will be grea[el' for decreasing amplitude input signals. 

Table II. AD737 Capacitor Selection Chart 
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AD737 
The input coupling capacitor, Ce, in conjunction with the 8 kn 
internal input scaling resistor, determine the - 3 dB low fre
quency rolloff. This frequehey, F L' is equal to: 

1 
F L = ::--:::-=::-::=:--:-:--:---=-=:--:--=:---:,.,-

2'11' (8,000) (The Value of Cc in Farads) 

Note that at FL , the amplitude error will be approximately 

Applications Circuits 
SWITCH CLOSED 
AcnVATES 'POWER DOWN" 
MODE; AD737 DRAWS 
JUST 40 ,.A IN THIS MODE. 

'PRV 
O.01p.F 

VONo-l 
200mV 

- 30% (-3 dB) of reading. To reduce this error to 0.5% of read
ing, choose a value of Ce that sets FL at one tenth the lowest 
frequency to be measured. 

In addition, if the input voltage has more than 100 mV of dc 
offset, then an ac coupling network at Pin 2 should be used in 
addition to capacitor Ce. 

20k 
+V. 

3.I2DIGIT 
AID 713STV.PE 
CONVERTER 

9V 

Figure 19. 3 112 Digit DVM Circuit 

VON 

V .. 

Figure 20. Battery Powered Operation for 200 mV max 
RMS Full-Scale Input 

•• Rl +ftcALIN'OHMS = 10.000U x-'Od:;;B"IN"'PUT.i4"".3~l~bEL"I"N"VO"'L.TS'-

·Q1,Q2 PART OF 
RCACA3046 

OR SIMILAR NPN 
TRANSISTOR 

ARRAY 

Figure 22. dB Output Connection 
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Figure 21. External Scale Factor Trim 

+v.--.:.,j,«r"----v, 

IMa ,.a 

Figure 23. DC Coupled Vos and Scale Factor Trims 
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AD880 Optical Disk Drive Data/Servo Channel Processor 6 C 5-5 

Magnetic Storage Components 
Model Description Package Options' Temp2 Page 

AD890 Precision, Wideband Channel Processing Element 3,5 
AD891 Rigid Disk Data Channel Qualifier 3,5 
AD891A 50 Mb/s Rigid Disk Data Qualifier 5 
AD892TIE 30 Mb/s Peak Detector 5 

*AD8% Programmable Filter 2,6 
AD897 40 Mb/s Peak Detector and Data Synchronizer 10 

*AD899 32 Mb/s Read-Channel Electronics 6 

Other Mass Storage-Related Components 
SelVo Components 

Model 

AD7569 
AD7669 
AD7769 

Description 

Complete, 8-Bit Analog I/O Port with DAC, ADC, SHA, Amps, and Reference 
Complete, 8-Bit Analog I/O Port with 2 DACs, ADC, SHA, Amps, and Reference 
8-Bit Analog 1/0 Port with Two-Channel ADClDAC 

C 5-7 
C 5-9 
C 5-11 
C 5-13 
C 5-15 
C 5-27 
C 5-29 

Package Options' 

2,3,4,5 

Temp2 Page' 

C, I, M C n 
c, I, M C n 
C cn 

2,5 
2,5 

IPackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "sole" Package; 
7 ~ Hennetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Ceramic Flatpack; 10 ~ Plastic Quad Flatpack, 11 ~ Single-in-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 ~ Nonhermetic Ceramic! 
Glass DIP; 14 ~ J-Leaded Ceramic Package; IS ~ Ceramic Pin Grid Array; 16 ~ TO-92; 17 ~ Plastic Pin Grid Array. 

lTemperature Ranges: C = Commercial, acc to +70QC; I = Industrial, -40"C to +8SoC (Some older products -25°C to +85°C); M = Military, -55°C to + 12Sce. 
3C II = Daca Converter Reference Manual, Volume II. 
Boldface Type: Product recommended for new design. 
*New product. 



Our mass storage components offer the industry's highest per
formance products specifically designed for optical or magnetic 
disk drives. 

AD880: The AD880 is a servo/data channel processing element 
for an optical disk drive. It is configured around four matched 
transimpedance amplifiers and normalization circuitry enabling 
it to perform all of the signal processing needed to generate the 
data, normalized track and normalized focus signal. 

Figure I depicts a functional block diagram of the read electron
ics in a magnetic disk drive and the corresponding functional 
integration being offered by each of our hard disk products. 

AD890/AD891 or AD890/AD891A: Both pairs of products 
comprise a chip set to perform the peak detection function in 
high performance disk drives (up to 50 Mb/s). The AD890 
offers read channel designers flexibility by offering dual x 4 
buffers which enable the channel designer to separate the low 
pass filtering function from the pulse slimming filters. The 
AD890 also offers a very fast I I.LS AGe loop. Two choices of 
data qualifiers-AD891 and AD89IA-are offered as a 
companion chip to the AD890. Each data qualifier offers a 
different but highly accurate data qualification algorithm with 
extremely low pulse pairing. 

Orientation 
Mass Storage Components 

AD892: The AD892 integrates the same function as the 
AD890/AD891 pair at a data transfer rate of 30 Mb/s. By 
maintaining the same architectural features of the AD8901 
AD891, the AD892 offers a smaller form factor, while not 
compromising design flexibility. 

AD896: The AD896 is a 7th order Bessel filter with a 
programmable cutoff frequency and equalizationlboost. Two 
versions are offered, 5-13 MHz cutoff frequency range and 
9-23 MHz cutoff frequency range. Both versions have a 
o dB-9 dB boost range. 

AD897: The AD897 incorporates an AGe, data qualifier and 
phase lock loop while offering a 40 Mb/s data transfer rate. The 
AGe and data qualifier architecture is very similar to the 
AD890/AD891A pair while employing a novel approach to the 
PLL architecture. 

AD899: Our next generation ReadlWrite product, the AD899, 
offers a single chip 32 Mb/s read channel, including an AGe, 
filter/equalizer, data qualifier, data synchronizer, Endec, 
frequency synthesizer and a servo demodulator. The AD899 is 
offered in a 52-pin PQFP package. 

AD897 

TO 
... P_R_EA_M_P ..... 1.. __________________ .....1 CONTROLLER 

Figure 1. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
4 Matched Transimpedance Amplifiers 
30 MHz Bandwidth 
Selectable 36 k0l120 kO Transimpedance 
Continuous or Sampled Servo Capability 
Outputs: 

Quad Sum 
Track 
Normalized Track 
Focus 
Normalized Focus 

10 MHz Normalization Dividers 
Fast Write Recovery with Sampling 
Low Output Noise 

PRODUCT DESCRIPTION 
The AD880 is a monolithic integrated circuit intended for 
applications in the servo/read systems of an optical disk drive 
product. 

The AD880 consists of four matched transimpedance amplifiers 
(A, B, C, D) with selectable 36 kO or 120 kO transimpedance. 
The basic transimpedance stage consists of a lO kO transimped
ance amplifier that drives a programmable Xl or X3.3 buffer. 
Each stage has been configured to minimize noise and noise 
peaking. To further enhance overall signal-to-noise performance 
an external capacitor may be added between the transimpedance 
amplifier and the programmable buffer to implement a first 
order low-pass fIlter. 

The AD880 is stable over the full range of input source capaci
tances. To ensure stability and maximize available bandwidth in 
both transimpedance modes, the internal compensation capacitor 
in the programmable buffer is appropriately modified for each 
mode. 

Fast read after write recovery is implemented through the trans
impedance sample function. The "sample" function prevents the 

This is an abridged version of the datasheet. To obtain a complete data 
sheet, contact your nearest sales office. 
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Optical Disk Servo/Data 
Channel Processing Element 

AD880 I 
FUNCTIONAL BLOCK DIAGRAM 

A~po-;========r--~ 

A,. 

BCAP~~ 
B,. 

>--+-_p-OTRACK 

>-,.--t--t-OFOCUS 

SAMPLE GAIN OUTPUT NORM QUAD NORM 
CONTROl. CONTROl. CONTROL fOCUS SUM TRACK 

FLTE" 

channel from saturating during writes. The "sample capacitor" 
also serves the dual purpose of providing the low-pass fIlter. 

In addition, the part contains three offset trimmed summing 
amplifiers with 30 MHz bandwidth. One amplifier provides the 
Quad-Sum output that can be low-pass fIltered prior to driving 
the normalization dividers. Two other summing amplifiers gen
erate the Track and Focus outputs. 

• Quad Sum (A+B+C+D) 
• Track : (A+D) - (B+C) or (A-B) 
• Focus : (A+C) - (B+D) or (C-D) 

The selectable outputs are programmed through a CMOS com
patible control line. 

Finally, a pair of two quadrant dividers are provided. These 
generate the normalized focus and track signals with an accuracy 
of 5%, and have bandwidths in excess of 10 MHz. 

The AD880 is available in a 20-pin wide body SOIC package 
and is specified to operate over the O°C to + 70°C commercial 
temperature range. However, evaluation samples are available in 
a 20-pin side braze package. 
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AD880 
AD880 PIN ASSIGNMENTS 

TRANSMIEDANCE 1 
A INPUT 

TRANlIIPEDANCE 3 
CINPUT 

TRANstMPEDANCE 4 
D .... UT 

REFERENCE VOLTAGE 6 
V_INPUT 

ANALOG GROUND 6 
v..., 

QUADoSUII 7 
OUTPUT 

AD880 

TRACK OUTPUT 8 

FOCUS OUTPUT 9 

NORIIAIJZED';:::=; 10 t---------' 

ORDERING GUIDE 

Model No. Package Description Package Option* 

AD880JR 20-Pin Small Outline R-20 

*R = Small Outline Ie. For outline information see Package 
Information section. 
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FILTERJ8AMPLE 
CAPACrTORA 

FlLTEAlSAMPLE 
CAPACITORB 

FlL TERIBAIIIPLE 
CAPACITORC 

FIL TERJIAIIPLE 
CAPACITORD 

QUAD.8UII FILTER 
(APPLY FILTER) 

+12Y POWER SUPPLY 
Vee 

CONTROL UNE TO SET 
ACTIVEISAMPLE MODE 

CONTROL UNE TO lETT 
RANSIMPEDANCE GAIN 

CONTROL UNE TO 
SET OUTPUT IIODE 

NORMALIZED FOCUS 
OUTPUT 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
An 80 MHz Bandwidth Permitting a 50 Mb/s Data 

Transfer Rate 
A Variable Gain Amplifier with 30 dB max Gain 

and 40 dB Control Range 
Two Gain of 4 RF Buffers 
200 .n Differential Load Drive Capability 
A Pair of Precision Rectifiers 
AGC Level and Threshold Outputs 
An Averaging, High Gain Sample-and-Hold for 

Accurate AGC Operation 
Typical Gain Drift in Hold Mode: 0.2 dB/ms 
Gains Trimmed and Temperature Compensated 
AGC Operation Independent of AGC Level 
Symmetrical AGC Attack/Decay Times 
1 j.lS AGC Attack/Decay Times Using a 1000 pF 

External Capacitor 
Suitable for Use as an Accurate Video Programmable 

Gain Amplifier 
Dynamic Clamp Ensures Fast Recovery After Write to 

Read Transients 
AGC RF Output Level Is Internally Preset 

PRODUCT DESCRIPTION 
The ADS90 is primarily intended for high performance disk 
subsystem use, and as such it is configured around the classic 
read channel processing block diagram. It is intended to be con
nected between the head preamplifier and the qualification cir
cuitry required for digital data recovery. When used with the 
ADS91 rigid disk data qualifier, data transfer rates in excess of 
50 Mb/s can be processed. 

A temperature-compensated AGC loop, with an exponential 
transfer characteristic, permits optimal settling and allows for 
predictable performance in the classic single integrator control 
loop configuration. Fast acquisition and low droop while in the 
hold mode allow for AGC operation to be performed within the 
sector header without compromising channel behavior when 
reading data. 

The ADS90 processing element has the flexibility to perform 
both continuous and sampled AGC functions; it is also ideal for 
embedded, dedicated, or mixed servo applications. Two user
defined filter/equalizer stages may be employed, thus allowing 
maximum design flexibility. This greatly simplifies the design 
of the overall channel characteristics. Using the ADS90, the de
signer no longer needs to resort to passive techniques to isolate 
network functions; this avoids problems of signal loss and inter
action. Two low offset, 100 MHz, full wave rectifiers provide 
the capability to track a I V peak signal. The rectifier generating 

This is an abridged version of lbe data sheel. To obtain a complele data 
sheet, contact your Dearest sales office. 
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Precision, Wideband 
Channel Processing Element 

AD890 I 
FUNCTIONAL BLOCK DIAGRAM 

POSITIVE 
INPUT 

NEOATIVE ""u, 
G"INSET 3 POIITlVE 

ounou, 

A~ADM:~~D . NEGATIVE 

CAPACITOR OUTPUT 

AGe ANALOG 
RECTIFIER GROUND 

DIGITAL 

" 
POSmVE 

GROUND II\I'UT 

QUALIFIER NEGATM 
THRESHOLD INPUT 

RECTIFI£A . POSITIVE 
INPUT OU"",,, 

RECTifiER 

" " NEGAnVE 
INPUT Out'UT 

NEGATIVE 

" 
POSITIVE 

OUTPUT INPUT 

POSITIVE 

" 
NEGATIVE 

OUTPUT INPUT 

the "Qualifier Threshold" output may be used for creating a 
data qualification level. A second rectifier is used to drive the 
sample-and-hold circuitry. 

The SO MHz bandwidth of the ADS90 ensures good phase lin
earity up to 50 MHz. Thus, data transfer rates in excess of 
50 Mb/s can be supported with good error rates and predictable 
channel behavior. 

The ADS90 is available in both a 24-pin, slim-line cerdip pack
age and in a 2S-pin PLCe package and is specified to operate 
over the 0 to + 700e commercial temperature range. 
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AD890 

2~Pin Cerdip Package 

GAIN SET 3 L..---L--, 
SAMPLE 

ANO·HOLD • 
CAPACITOR 

AGe 
RECTIFIER 

DIGITAL 
GROUND 

OUAUflER 
THRESHOlD 

RECTIFIER 11 
INPUT 

RECTIFIER 10 
INPUT 

NJ~::~~E 11 f---------'-./ 
~J~~lY: 12 f-'--------./., 

Model 

AD890}Q 
AD890}P 

PIN CONFIGURATIONS 

POSITIVE 
INPUT 

NEGATIVE 
INPUT 

PO$ITIVE 
OUTPUT 

NEGATIVE 
OUTPUT 

ANALOG 
GROUND 

NEGATIVE 
INPUT 

POSITIVE 
OUTPUT 

NEGATIVE 
INPUT 

SAMPLE 
AND HOLD 5 
CAPACITOR 

DIGITAL 
GROUND 

OUALIFIER 
THRESHOLD 

ORDERING GUIDE 

28-Pin PLCC Package 

Package Description Package Option* 

24-Pin Cerdip 
28-Pin PLCC 

Q-24 
P-28A 

*For outline information see Package Information section. 
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r'III ANALOG 
LIllI DEVICES 

FEATURES 
Three Matched. Offset-Trimmed Comparators 
3.1 ns (typ) Comparator Propagation Delay 
ECl logic Permits 50 Mb/s Transfer Rates 
6.8 ns Delay (typ) from Inputs to Data Output 
500 ps (typ) Additional Pulse Pairing 
Temperature-Compensated Operation 
Compatible with 10 KH ECl Logic 
Two Temperature-Compensated One-Shots 
One-Shot Periods Set Using External Resistors 

PRODUCT DESCRIPTION 
The AD891 disk channel qualifier is intended as a companion 
chip to the AD890 wideband channel processor. Together, they 
comprise a sophisticated package, capable of recovering binary 
information from differentiating channels with transfer rates in 
excess of 50 megabits per second. 

The AD891 provides both level and time-domain qua1ification. 
Level qualification is performed on alternating half cycles of the 
data waveform using a user-defined threshold level which is ap
plied to each of two 3.1 ns propagation delay comparators. This 
technique prevents single bit errors from being propagated into 
two bit errors. A third comparator is used to provide zero
crossing detection. Factory trimmed offsets and a careful inter
nallayout ensure symmetric operation and low pulse pairing 
with a differential input waveform. 

An external RLC passive delay-line differentiator should be used 
with the AD891; the design for a typical network is specified in 
detail in the applications section of this data sheet. The use of 
an external network permits equal delay times through both the 
differentiated and undifferentiated signal paths, thus ensuring 
correct centering of the qualification windows. Using the recom
mended external network also helps ensure optimal signal pass
band flatness and dispersion. 

The outputs from the amplitude-qualification comparators are 
applied to the "D" inputs of two master-slave D-type flip-flops 

This is an abridged version of tbe data sbeet. To obtain a complete data 
sheet, contact your nearest sales office. 
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Rigid Disk Data 
Channel Qualifier 

AD891 I 
FUNCTIONAL BLOCK DIAGRAM 

Cerdip (Q) Package 

which are then clocked by the outputs from the zero-crossing 
comparator. Each valid zero-crossing event causes a one-shot 
with a user-definable period to be triggered. This disables the 
operation of the flip-flops, thus preventing the detection of addi
tional zero-crossing events during the one-shot period. 

Simultaneously, an output one-shot is activated, the leading 
edge of which is synchronous with the change in the flip-flop 
outputs. The period of this one-shot is also user-defmable and is 
intended to ensure adequate output pulse duration for transmis
sion within the external environment. Each one-shot requires a 
single metal-film resistor to set its period. All one-shots have 
trimmed pulse periods; temperature stability is maintained by 
the use of an internal bandgap reference. 

The AD891's internal logic consists of temperature-compensated 
reduced-swing ECL which exhibits typical propagation delays of 
600 ps per gate. The output data conforms to standard 10 KH 
ECL logic levels. The AD891 can drive a properly terminated 
75 n transmission line. 

The AD891 is specified to operate over the commercial (0 to 
+ 70°C) temperature range. It is available either in a 14-pin eer
dip package or in a 20-pin PLCC package. 
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AD891 

LEVEL 
IN -

DIGITAL 
GND 

14-Pin Cerdip (Q) Package 

Model No. 

AD89IJQ 
AD89IJP 

PIN CONFIGURATIONS 

DIGITAL 
GND 

Vee 

10 Tr~'-l~~T 

9 P3t'J":~~T 

ORDERING GUIDE 

Package Description 

14-Pin Cerdip 
20-Pin PLCC 

20-Pin PLCC (P) Package 

LEVEL 
DIFF- NC IN+ AMP + 

DIGITAL DATA+ DATA- NC OUTPUT 
GND PULSE SET 

Package Option* 

Q-14 
P-20A 

*For outline information see Package Information section. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Three Matched. Offsat-Trimmed Comperators 
ECl logic Permits 50 Mb/s Transfer Rates 
Three levels of Data Qualification 

Amplitude 
Time Above Threshold 
Polarity of Data 

100 ps Typical Additional Pulse Pairing 
Temperature Compensated Operation 
Compatible with 10KH ECl logic 
One-Shot Period Set Using External Resistor 
Time Above Threshold Qualification Set Using an 

External Resistor 

PRODUCT DESCRIPTION 
The AD89IA disk channel qualifier is intended as a companion 
chip to the AD890 wideband channel processor. Together, they 
comprise a sophisticated package, capable of recovering binary 
information from differentiating channels with transfer rates in 
excess of 50 megabits per second. 

The AD89IA provides three levels of data qualification. Level 
qualification is performed on alternating half-cycles of the data 
waveform using a user-defined threshold level which is applied 
to each of two comparators. The outputs of each comparator 
drive a user-programmable "resettable" delay-line. The "resetta
bIe" delay-line function allows the user to define the minimum 
time a data pulse must exceed the amplitude qualification level 
before a zero-crossing can be detected. The resettable delay-lines 
drive NAND gated flip-flops. A third zero-crossing comparator 
is employed to clock the NAND gated flip-flop. The NAND
gated flip-flop in turn drives the second flip-flop. The second 
flip-flop feeds back to the input of the NAND-gated flip-flop. 
The toggle action of the second flip-flop, therefore, provides 
alternate polarity data qualification. To ensure symmetric opera
tion and low pulse pairing, all three comparators have trimmed 
offsets. 

An external RLC passive delay-lineldifferentiator should be used 
with the AD89IA; the design for a typical nerwork is specified 
in detail in the applications section of this data sheet. The use of 
an external nerwork permits equal delay times through both the 

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

REV. A 

50 Mb/s Rigid Disk 
Data Qualifier 

AD891A I 
FUNCTIONAL BLOCK DIAGRAM 

LEVEL 
IN> 

AMP> 

OUTPUT 
PULSE SET 

I=====~-l DATA-

differentiated and undifferentiated signal paths, thus ensuring 
correct centering of the qualification windows. Using the recom
mended external nerwork also helps ensure optimal signal pass
band flatness and dispersion. 

Each valid data pulse causes a one-shot to generate a pulse with 
a user-defmed width. During the one-shot period the NAND
gated flip-flop is disabled, preventing detection of additional 
zero-crossing events. The one-shot also drives the ECL "Data 
Output" driver. The one-shot requires a single metal-film resis
tor to set its pulse width. Temperature stability is maintained by 
the use of an internal bandgap reference. 

The AD89IA's internal logic consists of temperature
compensated reduced-swing ECL which exhibits typical propa
gation delays of 600 ps per gate. The output data conforms to 
standard IOKH ECL logic levels. The AD89IA can drive a 
properly terminated 75 !l transmission line. 

The AD89IA is specified to operate over the commercial (0 to 
+ 70OC) temperature range. It is available in a 20-pin PLCC 
package (samples are available in a I4-pin side braze package). 
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AD891A 

LEVEL 
IN-

DIGITAL 
GND 

14-Pin Side Brazed Package (D) 

Model 

AD89lAJP 
AD89lAJD 

PIN CONFIGURATIONS 

OUTPUT 
PULSE SET 

DELAY 
nMESET 

LEVEL 
IN-

ORDERING GUIDE 

Package Description 

20-Pin PLCC 
14-Pin Side Brazed Ceramic DIP 
(Samples Only) 

*For outline information see Package Outline section. 
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20·Pin PLCC Package (P) 

LEVEL 
DIFF- Ne IN. 

DIGITAL DATA. 
GND 

Package Option· 

P·ZOA 
D·14 

13 

DELAY 
nMESET 

17 ~~TAL 

14 ~l:~ET 
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r.ANALOG 
WDEVICES 

FEATURES 
30 Mb/s Data Transfer Rate Capability (AD892E) 
25 Mb/s Data Transfer Rate Capability (AD892T) 
1 ns (max) Additional Pulse Pairing 
Two Versions 

Differential ECl Data Output (AD892E) 
TTL Data Output (AD892T) 

Variable Gain Amplifier with 30 dB max Gain and 
40 dB Control Range 

Two Gain of 4 RF Buffers with 200 0 Differential·Load 
Drive Capability 

0.2 dB/ms Typical Gain Drift in Hold Mode 
1 JI.S AGC Attack/Decay TImes Using a 1000 pF 

External Capacitor 
Dynamic Input Clamp Ensures Fast Recovery after 

Write to Read Transients 
Two Matched Offset Trimmed Comparators 
One-8hot Pulse Width Set Using External Resistor 
Operates from +5 V and +12 V Supplies 

PRODUCT DESCRIPTION 
The AD892E1AD892T is a complete subsystem for recovering 
binary information from differentiating channels with transfer 
rates up to 30 megabits per second. It is connected to the out
put of the head amplifier and performs the signal conditioning 
and the data qualification task with a minimum of external 
components. 

The AD892E1AD892T has the flexibility to perform both con
tinuous and sampled AGe functions; it is also ideal for embed
ded, dedicated, or mixed servo applications. Fast acquisition 
and low droop while in the hold mode allows for the AGe oper
ation to be performed within the sector header without compro
mising channel behavior when reading data. Two user-defined 
filter/equalizer stages may be employed, thus allowing maximum 
design flexibility. This greatly simplifies the design of the over
all channel characteristics. 

Three low offset, SO MHz full-wave rectifiers are provided. One 
rectifier drives the internal sample-and-hold circuitry; this signal 
is available to the user to set the attack and decay characteris
tics of the sample and hold. The other two rectifier outputs are 
proVided to generate the qualification level and to feed the single
ended passive differentiator. The threshold setting and differen
tiation is performed by an external RLC network. 

This i. an abridged version of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 

REV. A 

30 Mb/s Peak Detectors 
AD892E1AD892T I 

FUNCTIONAL BLOCK DIAGRAM 

The AD892E1AD892T provides both level and time-domain 
qualification. Level qualification is performed on half cycles of 
the rectified data waveform using a user-defmed threshold level 
which is applied to the level qualification comparator. The out
put of this comparator drives the data input of a master-slave 
flip-flop. A second, matched comparator detects zero-crossings 
and clocks the flip-flop. Each valid zero-crossing causes a time
domain filter one-shot to generate a pulse with a user-defmed 
period. During the one-shot period the flip-flop is disabled, pre
venting the detection of additional zero-crossing events. This 
technique prevents single-bit errors from being propagated into 
two-bit errors. The zero-crossing event also triggers an output 
one-shot, again with a user defmed pulse width. For maximum 
flexibility, the data output is a Schottky open-col1ector transistor 
with a separate digital ground to minimize digital feedthrough 
(AD892T) or differential ECL (AD892E). 

The AD892E1AD892T is avai1able in a #-pin plastic leaded 
chip carrier (PLCC) and is specified to operate over the com
mercial (0 to + 7O"C) temperature range. 
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AD892E1AD892T 
PIN ASSIGNENTS 

Pin Description 

1 +S V Supply . 
2 No Connection (Can Be Left Floating) 
3 No Connection (Can Be Left Floating) 
4 Mode Control Bit B (TTL Compatible) 
S Mode Control Bit A (TTL Compatible) 
6 Digital Ground 
7 No Connection (Can Be Left Floating) 
8 "AGe Level Set" Input Voltage 
9 Variable Gain Amplifier Input (+) 

10 Variable Gain Amplifier Input (- ) 
11 "VGA Level Set" Input Voltage 
12 No Connection (Can Be Left Floating) 
13 Variable Gain Amplifier Output (-) 
14 Variable Gain Amplifier Output ( + ) 
15 No Connection (Can Be Left Floating) 
16 #112.75 dB Buffer Input (- ) 
17 #1 12.75 dB Buffer Input (+) 
18 + 12 V Supply (Analog) 
19 #1 12.75 dB Buffer Output (+) 
20 #112.75 dB Buffer Output (- ) 
21 No Connection (Can Be Left Floating) 
22 Sample-and-Hold Capacitor 
23 No Connection (Can Be Left Floating) 
24 #2 12.75 dB Buffer Input (- ) ORDERING GUIDE 
25 #2 12.75 dB Buffer Input (+) 
26 #212.75 dB Buffer Output (+) Model No. Package Description Package Option· 
27 #212.75 dB Buffer Output (- ) 
28 Analog Ground 
29 No Connection (Can Be Left Floating) 

AD892EJP 
AD892TJP 

44-Pin PLCC 
44-Pin PLCC 

P-44A 
P-44A 

30 Full Wave Rectifier Input (+ ) *For outline information see Package Information section. 
31 Full Wave Rectifier Input (- ) 
32 Rectified Signal to Derive Threshold 
33 Rectified Signal for Differentiator 
34 Rectified Signal to SIH; AGe Attack 

and Decay Is Programmed at This Point 
35 Zero Crossing Comparator Input ( +) 
36 Zero Crossing Comparator Input (- ) 
37 MinimUm Threshold Level Input 
38 Signal Amplitude Comparator Input 
39 Internal Voltage Reference 
40 + 12 V Supply (Digital) 
41 Apply Resistor to Program Time Domain 

Filter Pulse Width 
42 Apply Resistor to Program Output Pulse Width 
43 Data Output (Open Collector AD892T) 

Data Output (+ ECL AD892E) 
44 Data Output Ground (Emitter of Output Device AD892T) 

Data Output (- ECL AD892E) 

CAUTION ______________________________________________ ___ 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
7th Order Bessel Filter 
Programmable Characteristics 

Cutoff Frequency 
Boost Amplitude 

Two Versions 
13 MHz Max Cutoff Frequency AD896-13 
23 MHz Max Cutoff Frequency AD896-23 

Fully Differential Data Path 
:!:10% Cutoff Frequency Accuracy 
750 ps Group Delay Variation 
Power-Down Function 
16-Pin SOIC, Plastic DIP 
+5 V Supply 

PRODUCT DESCRIPTION 
The AD896 is a seventh order Bessel filter with a programmabl 
cutoff frequency and equalizationlboost. The seventh order 
Bessel function provides excellent group delay characteristics 
making it ideal for applications requiring time domain signal 
integrity, such as in disk drive read channels. Group delay flat
ness for the AD896 is specified at ±7S0 ps over its complete 
operating range. The programmable equa1izationlboost function 
is implemented by a "1-kS2" providing up to 9 dB boost. Since 
the "1-kS2" function provides for two real and complementary 
zeros, it does not impact the group delay characteristics. 

The AD896 signal path is completely differential for both the 
low-pass normal and differentiated signals. The normal and dif
ferentiated outputs have matched delays to ensure time coher
ency. By providing time coherent low-passed and differentiated 
signals, the AD896 easily replaces discrete low-pass filters and 
differentiators for most data qualification schemes in disk drive 
read channels. 

With the advent of constant density recording, programmability 
of cutoff frequency and equalizationlboost becomes a must. Pro
grammability of the AD896 is easily achieved through analog 
control lines: IFP, VFP and VBP. The analog control lines may 
be readily interfaced with DACs for ultimate system flexibility. 

Fully Programmable 
Filter 

AD896 I 
FUNCTIONAL BLOCK DIAGRAM 

V,N 0--1:::+5;..::. ___ -.-+_-, 
)'ooIf----OV8P 

14---oF8ST 

PWRON 

VR 

Also, the equa1izationlboost function is enabled through a sepa
rate control line, FBST. 

The AD896 also provides a power management capability. A 
separate control line provides the "power-up" function which 
enables the chip (logic level high) during read mode and disables 
(logic level low) it for power savings during write or idle mode. 
Power dissipation during idle mode is a low 50 mW. 

The AD896 is available in a 16-pin narrow body SOlC, and 
plastic DIP; it is also specified to operate over the commercial 
(O°C to + 70°C) temperature range. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD896-SPECIFICATIONS 
AD896~13 (@ o°C:s TA:s +700C, 4.50 V:s Vee:s 5.50 V) 

Parameter Conditions Min Typ Max Units 

Filter 
FC Filter Cutoff Frequency FC = 16.25 MHz/rnA x (IFP) 5 13 MHz 
FCA Filter Cutoff Frequency Accuracy FC = 13 MHz -10 +10 % 
AO VOUT Norm Differential Gain F = 0.67 FC, FB = 0 dB 0.8 1.2 VN 
AD V OUT Diff Differential Gain F = 0.67 FC, FB = 0 dB 0.8AO 1.0AO VN 

FB Frequency Boost at FC 
(VBP) 

FB(dB) = 20 Log [1.884 x (VR) + I] 9.2 dB 

FBA Frequency Boost Accuracy FB=9dB -I +1 dB 
TGDO Group Delay Variation o dB :s FB :s 9.2 dB -0.75 +0.75 ns 
VIF Filter Input Dynamic Range THD = 1% max, F = 0.67 FC 1.5 Vp-p 
VOF Filter Output Dynamic Range THD = 1% max, F = 0.67 1.5 Vp-p 
RIN Filter Diff Input Resistance 3.0 kO 
CIN Filter Input Capacitance 7 pF 
EOUT Output Noise Voltage 5.5 mVrms 

Differential Output 
EOUT Output Noise Voltage 2.S mVrms 

Normal Output 
10- Filter Output Sink curren~ 1.0 rnA 
10+ Filter Output Source Curre 2.0 rnA 
RO Filter Output Resistance 60 0 
VR Reference Voltage 2.0 2.4 V 
IFP Frequency Program Current VR = 2.2 0.31 0.8 rnA 
VFP Frequency Program Current IvFP = 0.33 x VRIRX, VR = 2.2 Vi 0.31 0.8 rnA 

Logic Levels TTL Inputs (PWRON, FBST) 
VIL -0.3 0.8 V 
VIR 2.0 Vee+0.3 V 
IlL VINPUT = 0.8 V -1.5 rnA 
IIR VINPUT = 2.7 V 20 .... A 

Power Supply Requirements 
Supply Voltage Vee 4.5 5.0 5.5 V 
Supply Current Icc PWRON = 0.8V 10 13 rnA 

PWRON = 2.0V 60 78 rnA 

Absolute Maximum Ratings2 
Supply Voltage Vee 7.5 V 
Storage Temperature Range -65 +150 ·C 
Operating Temperature Range3 0 +70 ·C 
Lead Temperature Range Soldering 60 Sec 300 ·C 

NOTES 
lRX is a series resistance placed between VR and VFP. The voltage difference between VR and VFP is .33 x VR. 
'Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only, and functional opera-
tion of the device at these or any other condition above those indicated in the operational section of this specification is not implied. Exposure to absolute rating 
conditions for extended period may affect device reliability. 

'16-Pin Narrow Body sOle Package 0IA = IOS'CIWatt 
16-Pin Plastic DIP Package: 0IA = 170'CIWatt. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

5-16 MASS STORAGE COMPONENTS REV. 0 



AD896 
AD896-23 (@ o·c s; TA S; + 70·C, 4.50 V s; Vee s; 5.50 VI 

Parameter Conditions Min Typ Max Units 

Filter 
FC Filter Cutoff Frequency FC = 28 MHz/rnA x (IFP) 8.7 22.5 MHz 
FCA Filter Cutoff Frequency Accuracy FC = 13 MHz -10 +10 % 
AO VOUT Norm Differential Gain F = 0.67 FC, FB = 0 dB 0.8 1.2 VN 
AD VOUT Diff Differential Gain F = 0.67 FC, FB = 0 dB 0.8AO 1.0AO VN 

FB Frequency Boost at FC 
(VBP) 

FB(dB) = 20 Log [1.884 x (VR) +1] 9.2 dB 

FBA Frequency Boost Accuracy FB=9dB -I +1 dB 
TGDO Group Delay Variation -0.75 +0.75 ns 
VIF Filter Input Dynamic Range 1.5 Vp-p 
VOF Filter Output Dynamic Range 1.5 Vp-p 
RIN Filter Diff Input Resistance 3.0 ill 
CIN Filter Input Capacitance 7 pF 
EOUT Output Noise Voltage 5.5 mVrms 

Differential Output 
EOUT Output Noise Voltage 2.5 mVrms 

Normal Output 
10- Filter Output Sink C 1.0 rnA 
10+ Filter Output Source 2.0 rnA 
RO Filter Output Resistance 60 n 
VR Reference Voltage 2.0 2.4 V 
IFP Frequency Program Current VR= 2. V 0.31 0.8 rnA 
VFP Frequency Program Current IvFP = 0.33 x VRIRX, VR = 2.2\,1 0.31 0.8 rnA 

Logic Levels TTL Inputs (PWRON, FBST) 
VIL -0.3 0.8 V 
VIH 2.0 Vee+0.3 V 
IlL VINPUT = 0.8 V -1.5 rnA 
IIH VINPUT = 2.7 V 20 /LA 
Power Supply Requirements 
Supply Voltage Vee 4.5 5.0 5.5 V 
Supply Current Icc PWRON = 0.8V 10 13 rnA 

PWRON = 2.0V 75 95 rnA 

Absolute Maximum Ratings' 
Supply Voltage Vee 7.5 V 
Storage Temperature Range -65 +150 °C 
Operating Temperature Range' 0 +70 °C 
Lead Temperature Range Soldering 60 Sec 300 °C 

NOTES 
'RX is a seri .. resistance placed between VR and VFP. The voltage difference between VR and VFP is .33 x VR. 
2Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only, and functional opera-
tion of the device at th ... or any other condition above those indicated in the operational section of this specification is not implied. Exposure to absolute rating 
conditions for extended period may affect device reliability. 

'16-Pin Narrow Body SOle Package a/A = IOS"C/Wan 
l6-Pin Plastic DIP Package: a/A = l70·C!Wan. 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD896-13 - Typical Characteristics 

II! 
I 

~ 1 

!i: 
! 
5 
w 
Q 

0-

5-1 
0: 

" 
-2 

o 

a: FC",13MHz 

b: FC =9MHz 
c: Fe =5MHz 

a ./ 
~ 

\' b 

'\ 
C\ \ 

5 10 15 20 
FREQUENCY - MHz 

Figure 1. Normal Output Group 
Delay Variation vs. Frequency 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Typical Characteristics-AD896-23 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD896 

Pin 

I 
2 
3 
4 
5 
6 
7 
8 

9 
10 

11 

12 
13 
14 
15 
16 

Description 

Ground 
VOUT NORMAL (Neg) 
VOUT NORMAL (pos) 
Vee (+5 V dc) 
VIN (Neg) 
VIN (Pos) 
VBP 
FBST 

Ground 
VFP 

IFP 

Vee (+5 V dc) 
VR 
PWRON 

110 Type 

Power Input 
Analog Voltage Output 
Analog Voltage Output 
Power Input 
Analog. Voltage Input 
Analog Voltage Input 
Analog Voltage Input 
TTL Compatible Input 

Power Input 
Analog Current Input 

Analog Current Input 

Application Notes 

Low-Pass Filter Output, AC Couple 
Low-Pass Filter Output, AC Couple 
Decoupling with 0.1 ILFIIO.OI ILF Capacitors Required 
Filter Input, Biased at VREF' AC Couple Signal into Pin 
Filter Input, Biased at V REF' AC Couple Signal into Pin 
Voltage to Set Amount of Boost 
Boost/Equalizer Switch: Enabled (High Level), Disabled 
(Low Level) .. 

Set Filter Cutoff Frequency. If VFP Is Used Leave 
IFP Floating 
Set Filter Cu ency. If IFP Is Used Leave 
VFP 

110.01 ILF Capacitors Required 
ference Voltage (2.2 V) 

VOUT DIFFERENTIATED (Neg) 
or Power-Down (Low Level) the Chip 

tput, AC Couple 
VOUT DIFFERENTIATED (Pos) 

vee 

IFP 

VFP 

VOUTDIFF

VOUT D1FF + 

Model 

AD896JR-13N 
AD896JN-13 
AD8%JR-23N 
AD8%JN-23 

ted Output, AC Couple 

ORDERING GUIDE 

Description 

Narrow Body 16-Pin SOIC 
Plastic 16-Pin DIP 
Narrow Body 16-Pin SOIC 
Plastic 16-Pin DIP 

2 VOUTNORM-

3 VOUTNORM + 

Package 
Option· 

R-16A 
N-16 
R-l6A 
R-16 

*N = Plastic DIP; R = Small Outline IC (SOlC). For outline information 
see Package Information section. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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5-20 MASS STORAGE COMPONENTS REV. 0 



INPUT 
3.1 HV-

4.45 

S' +3.325+3.1 S' +1.875+4.45 

-KS' Vo--
S' +3.325+3.1 

FILTER OPERATION 
The AD896 performs a seventh order Bessel function approxi
mation by cascading three bi-quad sections and a single po 
section to produce the normal low-pass output. T 
ated output is produced by placing a single 
tion in parallel with the nonnal output si 
architecture implemented in the AD896 e 
differential between the normal low-pass an e 
output. This is an important characteristic for data ti 
schemes which depend on time coherency between the low-pass 
normal and differentiated read back signals. The normalized 
block diagram for the AD896 is shown in Figure 19. 

The programmability of the AD896 is made possible by using 
variable transconductance amplifiers in the bi-quad sections to 
produce tunable amplifiers. The transconductivity (Gm) of each 
amplifier is changed by varying the current ratios in different 
stages of the amplifier. By varying the transconductance (Gm) 
the amplifier can be "tuned" to different frequencies. With the 
use of the tunable amplifiers in the bi-quad sections the cutoff 
frequency of the AD896 can be changed without changing exter
nal components or altering the approximation of the Bessel func
tion. This makes the AD896 ideal for use in applications where 
programmable cutoff frequencies are desired. 

The cutoff frequency of the AD896 is programmed by a control 
current which is used to tune the bi-quad sections. This control 
current can be applied directly to IFP or by connecting a volt
age source in series with a resistor to VFP. By using a DAC the 
cutoff frequency can be microprocessor controlled (see applica
tion Figures 26 and 27). 

Figure 20 and 21 are plots of IFP current versus cutoff fre
quency for the AD896-13 and AD896-23 respectively. Because 
the AD896 uses current to control the cutoff frequency of the 
filter the supply current varies with the setting of the cutoff fre
quency. Figure 22 and 23 illustrate the relationship between 
cutoff frequency and supply current for the AD896-13 and 
AD896-23, respectively. 

r--
3.52 

S' +2.845+3.52 

5 

AD896 

1.73 LOW·PASS 

~ .- ---
5+1.73 NORMAL 

1.73S LOW·PASS 

- ---
5+1.73 DIFFERENTIATED 

7 9 11 

CUTOFF FREQUENCY - MHz 

13 

Figure 20. AD896-131FP Current vs. Cutoff Frequency 
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/ 
V 
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/ 

V 
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Figure 21. AD896-231FP Current vs. Cutoff Frequency 
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AD896 
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u 
~ 
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III 
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Figure 22: AD896-13 Supply Current vs. Cutoff Frequency 
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Figure 23. AD896-23 Supply Current vs. Cutoff Frequency 
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Figure 24. AD896-13 Boost vs. VBP Voltage 

3 

EQUALIZATIONIBOOST 
The Equa1izationIBoost can be enabled (high level) or disabled 
(low level) by a TIL input to the FBST pin. Gain equalization 
is performed, when enabled, by feeding forward the input signal 
and combining the signa1 with the low-pass filtered output of 
the first bi-quad section. The feed forward signal is amplified by 
a variable gain amplifier, which the user controls by applying a 
voltage to the VBP pin. The amplified signal is then summed 
together with the low-pass output of the first bi-quad and con
tinues through the remaining bi-quad sections. The amount of 
boost is controlled by the voltage level applied to the VBF pin. 
The VBP voltage vs. Boost for the AD896-13 and AD896-23 are 
p~nted in Figures 24 and 25. 

III 

e AD896 is achieved through the 
level" applied at this pin will enable 

ration. A "low level" applied to the 
AD896 into the sleep mode. In the 

will dissipate only 50 mW of power. 

~ 8 r---_+-----h.c-__1I-::."""""+----+_--_; 
l-S 6 1---+-7":......"I"'----+--I---+-~ 

4r---~~--+--__1f__--_+---+_--_; 

2 ~~_+----~--__1f__--_+----+_--_; 

0.5 1 1.5 2 
VBPVOLTAGE-V 

2.5 

Figure 25. AD896-23 Boost VS. VBP Voltage 

3 
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APPLICATIONS FOR THE AD896 
The AD896 is a seventh order Bessel function filter with both 
programmable cutoff frequency and boost equalization. The 
AD896 is fully differential providing both low-pass normal and 
differentiated outputs with no time delay introduced between 
the two signals. The AD896 is ideally suited for applications 
where low group delay and time coherency between the normal 
low-pass and differentiated signals is a necessity. In order to 
enable the equalizationlboost function the FBST must be held 
high (Logic Level I), a low level will disable equalization. 

Programming the cutoff frequency can be achieved through the 
IFP or VFP input. Both inputs are connected to the emitter of a 
PNP transistor which behaves as a current sink. The IFP input 
has a series combination of a 500 n resistor and two diodes. The 
input bias voltage at VFP is VR - 700 mY. The bias voltage at 
IFP with 300 j1.A. program current is approximately VR + 200 
mY; with 800 j1.A. it is approximately VR + 500 mY. Prog 
ming of the AD896 through the IFP pin is achieved b 
the current from 0.3 mA to 0.8 mAo Pro 
through the VFP is achieved by applying 
series resistor (Rx) to the VFP pin. The 
be used to calculate the current into the V : = [;ij-l 
- 0.66 VR)lRx. \ 

Programming the amount of Boost is achieved by applying a 
voltage to the VBP input which is a high impedance input. The 
voltage range for operation is 0 to VR volts, where VR is the 
AD896 reference voltage (normally 2.2 V). 

Figure 26 shows the AD896 being used along with an AD897 
"40 mb/s Peak Detector and Data Synchronizer" and an 
AD7528 "CMOS Dual 8-Bit Buffered Multiplying DAC" in a 
constant density recording disk drive application. The cutoff 
frequency and equa1izationlboost are microprocessor controlled 
through the AD7528 dual DAC. The AD7528 is operated in the 
voltage mode with the reference being applied to OUTA (Pin 2) 
and OUTB (Pin 20) pins, the voltage output taken from VREF A 
(Pin 4) and VREF B (Pin 18). DAC A controls the voltage 
applied to the VBP pin for equalizationlboost. The voltage from 
DAC B is used to develop a current which sets the cutoff fre-

AD896 
quency. Both outputs of the DAC are buffered through an 
OP-221 operational amplifiers before being applied to the 
AD896. The microprocessor controls the enabling/disabling of 
the equalization through the FBST input (Pin 8 high level = 
ON, low level = OFF), and the power up/ down of the filter is 
accomplished by the PWRON input (Pin 14 high level = ON, 
low level = OFF). 

This application will allow the cutoff frequency to be changed 
by the processor to match the data rate of a particular zone (as 
in a disk drive) The amount of boost can also be changed as 
needed for different areas of the disk and for different data rates 
through DAC A. The low-pass normal and differentiated out-
puts of the AD e both needed for data qualification in the 
AD897. is internally biased by VR (typically 2.2 V), 
th d output signals need to be ac coupled. 

in this application corresponds to approxi
the bias voltage is reached of (0.66 VR). 

y with the reference voltage of different 

the AD896 being used as an antialiasing filter 
data acquisition application. Using the AD773 
S Monolithic AID Converter," AD7528 "CMOS 

it Buffered Multiplying DAC," AD680 "2.5 V Refer
ce," and a matched transistor pair. In this application the 

Boost is controlled by the DAC A voltage, the same as the 
previous application. The cutoff frequency is controlled by the 
current set up by the voltage out of DAC B and the matched 
transistors. This is a very accurate method of programming the 
cutoff frequency. The cutoff frequency must be set below 
Nyquist frequency (sample frequency/2) to prevent aliasing 
errors. 

GENERAL LAYOUT REQUIREMENT 
Care must be taken to ensure good RF practice in the PC layout 
to avoid oscillations. A parallel combination of 0.1 jl.F and 
0.01 jl.F ceramic capacitors should be used as close to the V cc 
(Pin 4 and Pin 12) as possible. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD896 

lk" 
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3k" 

+5Vo-,...---.----i11.1 
ANALOG 

RAW O-~;,;~::::::=-_J 
DATA SYNC 

OUTPUT DATA 

~ 
l000pF 

EXTERNAL 
CLOCK 

+5V 
DIGITAL 

Figure 26. Constant Density Read Channel Application 
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INPUT SIGNAL 
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+5V 
DIGITAL 

A/fJ REFERENCE 
CLOCK 

AD773 

CONTR~ 
LINE~U" 0 

Figure 27. High Speed Data Acquisition Application 

AD896 

+5V 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
40 Mb/s Data Transfer Rate Capability 
1000 ps (max) Additional Pulse Pairing 
30 dB Gain VGA with 40 dB Control Range 
24 dB Buffer with 200 fi Differential Load Drive 

Capabilities 
0.1 dB/ms Typical Gain Drift in Hold Mode 
Symmetrical and User Programmable AGC Attackl 

Decay Times 
Three Levels of Data Qualification 

Amplitude Threshold 
Time Above Threshold 
Data Polarity 

Offset Trimmed Zero Crossing Comparator 
Zero Phase Error VCO Start-Up 
No Phase Detector Dead Band at Center of Decode 

Window 
Exponential VCO Control 
52-Pin PQFP Package, +5 V and +12 V Supplies 

PRODUCT DESCRIPTION 
The AD897 is a complete solution for recovering binary infor
mation in a hard disk drive with data transfer rates up to 40 
megabits per second. It is connected to the output of the head 
amplifier and performs the signal conditioning, data qualifica
tion and data synchronization tasks with a minimum of external 
components. 

The AD897 has the flexibility to perform both continuous and 
sampled AGC functions; it is also ideal for embedded, dedi
cated, or mixed servo applications. Fast acquisition and low 
droop while in the hold mode allow for the AGC operation to be 

40 Mh/s Peak Detector 
and Data Synchronizer 

AD897 I 
performed within the sector header without compromising chan
nel behavior when reading data. 

Three levels of data qualification are provided: amplitude 
threshold, time above amplitude threshold, and data polarity. 
Level qualification is performed on positive and negative cycles 
of the data waveform using a user-defined threshold level which 
is applied to the level qualification comparators. Each compara
tor then drives a resettable delay line, which implements the 
time above threshold qualification. Once the first two qualifica
tion criteria have been satisfied, a third comparator is able to 
detect a zero crossings and clock a flip-flop if the data also 
exhibits the correct polarity. Each clocking of the flip-flop • 
causes a second flip-flop to toggle and thereby implement the 
polarity check. The valid data event also triggers an output one-
shot, with a user-defined pulse width. 

The data synchronizer section provides four modes of operation: 
lock to external clock, lock to preamble, lock to data, and 
tristate. The phase detector/charge pump utilizes a tri-phase 
pump-up, pump-down, pump-up approach in the lock to data 
mode, thereby ensuring no dead band zone in the center of the 
window. In addition, when switching to the lock to data mode, 
zero-phase error start-up is initiated. In the lock to external 
clock mode, feedback dividers provide the capability to achieve 
veo to external clock ratios of 1:2, 1:1, 3:2, 2:1. When switch
ing PLL operating modes, the charge pump is temporarily 
tristated to prevent the VCO control voltage from being 
disturbed. 

The AD897 is available in a 52-pin plastic flat pack package 
(PQFP) and is specified to operate over the commercial (O'C to 
+ 70'C) temperature range. 

FUNCTIONAL BLOCK DIAGRAM 

VGA 
OUTPUT 

NEGATIVE 
AMPLITUDE 

COMPARATOR 

POSITIVE 
AMPLITUDE 

COMPARATOR 

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

REV. 0 

EXTERNAL 
CLOCK INPUT 

SYNCHRONIZED 
CLOCK OUTPUT 
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AD897 
CONNECTION DIAGRAM 

52-Pin PQFP 
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VGAINPUT 
VOLTAGE (POS) 

P~:~R~~~~~~~ 16 SfH CAPACITOR 

ZERO-CROSSING 
VGA LEVEL SET INPUT COMPARATOR INPUT (+) 

ZERO-CROSSING AGC LEVEL SET INPUT COMPARATOR INPUT (-) 

NEGATIVE THRESHOLD 
47 AGC ACQUIRE GAIN COMPARATOR INPUT 

ANALOG GROUND 

ANALOG+5V 45 WINDOW STROBE 

SET ~~R~~~~ 22 
AGCMODE 
CONTROL BIT 1 

SET TIME OUT FlL TERI AGCMODE 
OUTPUT PULSE WIDTH CONTROL BIT 0 

DIGITAL GROUND SET VCO CENTER 
FREQUENCV 

OUTPUT :~6~~~ 25 PLL FILTER REF 
VOLTAGE 

NO CONNECTION 
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ORDERING GUIDE 

Model Package Description Package Option* 

AD897]S 52-PinPQFP S-52 

*For outline information see Package Information section. 
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~ANALOG 
WDEVICES 

FEATURES 
32 Mb/s Data Transfer Rate Capability 
Functionally Complete Read Channel Wideband AGC 

Peak Hold Mode or Averaging 
7th Order Bessel Filter 

Programmable Cutoff Frequency 
Programmable Equalization 

Data Qualifier 
Amplitude Qualification 
Data Polarity Check 

Data Synchronizer 
Zero Phase Start-Up 
DAC Controlled Center Frequency 
DAC Controlled Window Center 

1-7 EN DEC 1:) 
Independent Early/Late PrecomAfI 

Write Clock Synthesizer 
6-Bit M and N Dividers 

Servo Demodulator 
A, B, C, D Sampling 
Slew Rate Limiting or Peak Hold 

Power Down Options 
52-Pin PQFP Package 
+5 Volt Supply 

32 Mh/s Read Channel 
Eisetronics 

AD899 I 
PRODUCT DESCRIPTION 
The AD899 offers a functionally complete read channel operat
ing at up to 32 Mb/s and is completely compatible with constant 
density recording. When it is connected to the output of the 
head amplifier, it performs the signal conditioning, data qualifi
cation, data synchronization and Encoding/Decoding task with a 
minimum of exter components. To support constant density 
recording, formance frequency synthesizer and a pro-

also included, as is a servo demodulator to 
o applications. 

suited for a wide variety of applications 
bility. All major read channel characteris- • 

mabIe on the AD899 through a standard serial 
I port controls the following critical characteris
ng, filter cutoff frequency and boost, data qualifi
e threshold, data synchronizer center frequency 

center, write precompensation amount (Indepen
arly and Late), M and N divider ratios for the frequency 

synthesizer, as well as the power down options. 

The AD899 will be available in a 52-pin quad flat pack package 
(PQFP) and is specified to operate over the commercial (O°C to 
+ 70°C) temperature range. 

Figure 1. Simplified AD899 Block Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD899 
FUNCTIONAL BLOCK DIAGRAM 

PEAK DETECTOR 
REFERENCE VOLTAGE 

,....--- _--"=0 READGATECTL 

WRITE GATE CTL 

'---__ --I ... AGC HOLD 

L---.r--1~ AGC ACQUIRE GAIN 

I+------------(i~ SlH CAPACITOR 

RECTIFIED SIGNAL TO SlH 

DIFFERENTIATED 
SIGNAL 

,---t-----------U7J FWR OUTPUT TO DERIVE THRESHOLD 

LPF I EQUALIZED + 
SIGNAL 

FULL·WAVE + 
RECTIFIER INPUT 

SERVO (CHARGE CURRENT) 

SERVO (A OUTPUT) 

SERVO (B OUTPUT) 

'" - _-,-",-, SERVO (C OUTPUT) 

EIIk.-IfXi> .... 15l SERVO (0 OUTPUT) 

SERVO (SELECT 0) 

SERVO (SELECT 1) 

SERVO (SAMPLE ENABLE) 

...... --------I~ SERVO (RESET) 

,----------""-..... .------------1~ AMPLITUDE COMPo HYSTERESIS 

RAW DATA PULSE SET 24H+-+---+I RAW DATA OUTPUT 

DIGITAL+5V 

DIGITAL GROUND 

ZERO-CROSSING + 
CQMPARATOR 

RAW DATA POLARITY 

ANALOG GROUND 

ANALOG+5V 

BUFFER GROUND 

BUFFER+5V 

SYNC CLK OUTPUT 
(TESl) 

WINDDW STROBE 
CONTROL 

CHARGE PUMP 
OUTPUT CURRENT 

PLL REFERENCE 
VOLTAGE 

DECODED DATA I SYNC 
DATA OUTPUT 

DATA CLOCK I SYNC 
CLOCK OUTPUT 

1-7ENDEC 

POWER UP 

ADDRESS MARK DETECT 

ENABLE 

CLOCK 

DATA 

EXTERNAL CLOCK INPUT 

PLL REFERENCE 
VOLTAGE 

WRITE DATAl 
RAW DATA IN 

1----+/371 ENCODED DATA 
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'T' Selection Guides '" 
):. 

ATE Components ri1 
8 
~ Pin Drivers 
~ Output 

Cri Speed Slew Rate Capacitance Linearity Package Temp 
Model MHz VRANGE at 5 V (V/ns) pF %OfVREF Options' Range2 Page 

*ADl324 200 -2 V to 7 V 1.8 3.5 0.15 12 C 6-45 
ADl321 100 -2 V to 7 V 1.25 8 0.5 12 C 6-33 

*ADl320 40 -12 V to +12 V 0.5 20 0.5 3 C 6-27 

Comparators 
Input Input 

Prop Delay Common-Mode Dispersion Capacitance Offset Package Temp 
Model ns Range ps pFtyp mvmax Options' Range2 Page 

ADl317 2.5 -2Vt07V 250 2 (max) ±10 12 C 6-15 
AD96685 3.5 -2.5 Vto 5 V 50 2 2 3,4,5,7 I,M 3-21 
AD96687t 3.5 -2.5 Vto 5 V 50 2 2 3,4,5 I,M 3-21 
AD9696 7.0 -2.2 V to 3.7 V 100 3 2 2,3,6,7 C,M 3-13 
AD9698t 7.0 -2.2 V to 3.7 V 100 3 2 2,3,6 C,M 3-13 

Active Load 
Program Input VOUT 

Prop Delay Current Leakage Capacitance Package Temp 
Model ns rnA nA pF Options' Range' Page 

ADl315 1.5 ±50 ±200 2 12 C 6-7 

Delay Generators 

Package 
Model Description Options' Temp2 Page 

AD9500 ECL Digitally Programmable Delay Generator 3,4,5 C,M 6-57 
AD9501 TTL/CMOS Digitally Programmable Delay Generator 2,3,5 C,M 6-67 

*AD9505 60 MHz "On the Fly" Programmable Delay Generator 5 C 6-79 
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Other ATE-Related Components 

Parametric Measurement Components 

Model Description Package Options' Temp Range2 Page' 

AD676 16-Bit, 10 fJ.s Sampling ADC 1,2 C,I,M CII 
AD 1377 16-Bit, 10 JLS ADC 1 C CII 
AD1380 16-Bit, 20 fJ.s Sampling ADC 1 C CII 
ADI382/AD1385 16-Bit, 2 fJ.s Sampling ADC 1 C,M CII 

Custom Voltage/Current Force/Sense Functions 

Level-Setting Components 

Model Description Package Options' Temp Range2 Page' 

AD664 Quad 12-Bit DAC, V OUT Reset, Readback 1,2,4,5 C,I,M CI 
AD7228 Octal 8-Bit DAC, VOUT 2,3,4,5,6 C,I,M CI 
AD7244 Duall4-Bit DAC, VOUT' Ref, Serial 110 2,3,6 C,I,M CI 
AD7568 Octall2-Bit DAC, lOUT' Serial 110 10 I CI 
AD75004 Quad 12-Bit DAC, V OUT' Reference 2,5 C CI 
AD75069 Octall2-Bit DAC, VOUT' Readback, Ref 5,14 C,I CI 
DAC-8412 Quad 12-Bit DAC, V OUT' Reset to Midscale 1,2,4,5 I,M CI 
DAC-8413 Quad 12-Bit, DAC, V OUT' Reset to Zero 1,2,4,5 I,M CI 
SMP-OS Octal MuxlSHA, 4 fJ.s Acquisition Time 2,3,6 I,M CII 
SMP-18 Octal MuxlSHA, 2 fJ.s Acquisition Time 2,3,6 I CII 

Custom Multiple-DAC and/or Multiple-SHA Functions 
Industry's Broadest Selection of DACs, from 8 to 20 Bits 

Multiplexer 

Model Description Package Option' Temp Range2 Page' 

AD75019 16 x 16 Analog Crosspoint Switch 5 C, I C II 

'Package Options: I ~ Hermetic DIP, Ceramic or Meral; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Ceramic Leadless Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SOIC" Package; 
7 ~ Hermetic Meral Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Ceramic Flatpack; 10 ~ Plastic Quad Flatpack, 11 ~ Single-in-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 ~ Nonhermetic Ceramic! 
Glass DIP; 14 ~ J-Leaded Ceramic Package; IS ~ Ceramic Pin Grid Array; 16 ~ TO-92; 17 ~ Plastic Pin Grid Array. 

'Temperature Ranges: C ~ Commercial, O"C to +700(;; I ~ Industrial, -40°C to +850(; (Some older products -25°C to +850(;); M ~ Milirary, -55°C to +125°C. 
'c I ~ Dara Converter Reference Manual, Volume I; C II ~ Data Converter Reference Manual, Volume II. 
Boldface Type: Product recommended for new design. 
*New product. 
tDual Comparators 



Orientation 
ATE Components 
A complete ATE test-head design requires an appropriate mix of 
high speed, high performance components that are sma1l enough 
to provide the needed functional density. Analog Devices pro
vides a wide selection of components, based on various Ie pro
cess technologies and logic families, to provide appropriate 
choices for ATE. 

Designers of automatic test equipment (ATE) systems for ad
vanced components have always had a dilemma; in order to test 
the newest, fastest, most precise products, they themselves need 
components that are even better than those they are testing. The 
unique design constraints of ATE add to the difficulties of as
sembling a system for testing high speed, high pin-count de
vices. The electrical interface between the device under test 
(DUT) and the rest of the ATE system is the pin electronics, a 
complex subsystem containing the functions needed to source 
precise signals to the DUT pins as well as measure DUT
generated signals. There is an identical-or nearly so-pin elec
tronics circuit for each active pin of the DUT, arranged in a 
circle around the DUT at the test head to maximize achievable 
density and partially equalize propagation delays between pin 
electronics and the DUT. 

The heart of the pin electronics is the pin driver. This device 
must produce highly repeatable, low jitter pulses with precisely 
set amplitude and slew rate for the DUT. The pin-driver timing 
is set digitally; its amplitude is determined by analog control 
voltages. Because of the high speeds of pin drivers-a 100 MHz 
repetition rate corresponds to a 5 ns pulse width - the driver and 
DUT are typically interconnected by a 50 n transmission line. 
The pin driver can be digitally disconnected via a high imped
ance three-state output mode, needed when the DUT has an 
input/output pin (two modes) that must be tested. without physi
cally disconnecting the driver. 

Figure I, a typical pin-electronics block diagram, shows the va
riety of devices needed for the complete function. Under control 
of the test computer and dedicated hardware, desired data pat
terns must be generated for simultaneous application to DUT 
inputs; at the same time, appropriate DUT outputs must be 
captured and measured. For complete parametric testing, signa1 
levels must be precisely varied by the test program to determine 
maximum and minimum performance boundaries. 

The complete pin-electronics function requires many digital-to
analog converters (DACs) to program the source current, sink 
current, and the threshold (commutation) voltage between cur
rent sourcing and sinking modes. 

Although Figure I shows DACs setting key levels, many testers 
now use rapidly refreshed sample/hold circuits-driven by a 
shared, precise DAC. The S/H amplifier is used in data distribu
tion instead of data acquisition, i.e., the StH holds a digitally 
determined value during the test to establish a quasi-steady-state 
value instead of capturing an unknown signal value prior to digi
tizing it. 

~ ATE COMPONENTS 

Figure 1. Typical Pin-Electronics Block Diagram; All Items 
Shown May Recur for Each Driven Pin in High Perfor
mance Systems 

Unavoidable time skew occurs between signals from the many 
drivers as they reach the DUT. This is due to different path 
lengths (and therefore delays), as well as propagation delays 
within active components. To compensate for this, a time-delay 
deskewing circuit or delay line is included with each pin's elec
tronics. The precise delay time must be set with high resolution; 
it is determined during the system calibration cycles or by actual 
test. 

The pulse output of a DUT pin is measured to provide rise and 
fall times (time from 10 to 90 per cent of upswing or down
swing), amplitudes, slew rate, and related information. For the 
short time periods associated with these parameters, the mea
surements are made using pairs of comparators; the comparator 
output changes state when the waveform under observation 
crosses a specific threshold value. The threshold values for all 
these comparators are established by DACs or StH circuits, un
der control of the test computer. The comparator outputs, in 
turn are connected to circuits that measure the period between 
changes in output states of the comparators. 



DESIGN CHALLENGES 
The designer's task is made more difficult by many simulta
neous and often conflicting demands, as ATE speeds reach 200 
MHz (and beyond), and DUT package content increases: 
• high speed signal transitions are affected by parasitic inductance 

and capacitance, which slow the transitions and affect wave
shape fidelity. 

• noise glitches induced by high speed signals corrupt signals in 
nearby wiring; although decoupling, short leads, and ground 
planes are a minimum line of defense against these, more 
advanced techniques, such as differential signal paths, may also 
be required. 

• accuracy in measurement requires components whose dynamic 
performance is predictable and stable with time and tempera
ture. For a 200 MHz pin driver, the leading-edge-to-trailing
edge matching specification should be better than 200 ps. Low 
dispersion (variation in propagation delay as a function of the 
input signal swing) reduces skewing and makes compensation 
more precise; for example, low dispersion is critical in memory 
testers, to minimize the need for compensating delay lines on 
their many data pins. Dispersion matching should be close, both 
within a device and from device to device, for ease of replace
ment and calibration. 

• slew rates must also be controlled (2 V Ins for the 200 MHz 
driver) for performance consistency. 

• undershoot and overshoot of the pin-driver output must be 
limited in amplitude. 

• the DUT must be tested at its normal operating voltages-and 
stressed beyond these values, so the ATE components must 
typically be capable of functioning with signals from - 2 to + 7 
volts. 

• mixed-signal testing imposes additional requirements for signal 
linearity, ramping, precision, and distortion for typically 20 out 
of 64 DUT pins. 

The constraints are not solely electronic; electromechanical fac
tors are also significant: 
• test-head pin counts are increasing from 64 (typically) to 512 

pins, requiring that more electronic circuitry be packed into the 
limited available space; using a larger test head means more 
propagation-delay uncertainty, timing mismatches, and corre
sponding inaccuracies. 

• power consumption of the high speed circuitry is relatively high, 
exceeding 3 watts per pin; cooling the large number of densely 
populated pin-electronic circuits is difficult. 

• power consumption and heating, along with other factors, affect 
reliability, which must be very high in a multimillion dollar test 
machine; users expect satisfactory up time and test throughput. 

• the layout of the test head must maintain signal fidelity; 
transmission-line impedances must be held constant to mini
mize signal reflections between DUT and pin electronics. 

• and, of course, cost becomes a significant factor when the • 
per-pin cost is multiplied by the large number of pins. I 

FUTURE ATE PRODUCTS 
For further information on the above products and future ATE 
products not listed here, please contact the factory directly. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
±50 mA Voltage Programmable Current Range 
1.5 ns Propagation Delay 
Inhibit Mode Function 
High Speed Differential Inputs for Maximum Flexibility 
Hermetically Sealed Small Gull Wing Package 
Compatible with AD1321. AD1324 Pin Drivers 

APPLICATIONS 
Automatic Test Equipment 
Semiconductor Test System 
Board Level Test System 

PRODUCT DESCRIPTION 
The AD1315 is a complete, high speed, current switching load 
designed for use in linear, digital or mixed signal test systems. 
By combining a high speed monolithic process with a unique 
surface mount package, this product attains superb electrical 
performance while preserving optimum packaging densities in 
an ultrasmall 16-lead, hermetically sealed gull wing package. 

Featuring current programmability of up to ±50 rnA, the 
AD 1315 is designed to force the device under test to source or 
sink the programmed IOHPROG and IOLPROG currents. The IOH 
and IOL currents are determined by applying a corresponding 
voltage (5 V = 50 mA) to the IOH and IOL pins. The voltage-to
current conversion is performed within the AD1315 thus allow
ing the current levels to be set by a standard voltage out digital
to-analog converter. 

The AD1315's transition from IOH to IOL occurs when the out
put voltage of the device under test slews above or below the 
programmed threshold, or commutation voltage. The commuta
tion voltage is programmable from - 2 V to + 7 V, covering the 
large spectrum of logic devices while able to support the large 
current specifications (48 rnA) typically associated with line driv
ers. To test 110 devices, the active load can be switched into a 
high impedance state (Inhibit mode) electrically removing the 
active load from the path through the Inhibit mode feature. The 
active load leakage current in Inhibit is typically 20 nA. 

REV. A 

High Speed Active Load 
with Inhibit Mode 

AD1315 I 
FUNCTIONAL BLOCK DIAGRAM 

The Inhibit input circuitry is implemented utilizing high speed 
differential inputs with a common-mode voltage range of 7 volts 
and a maximum differential voltage of 4 volts. This allows for 
the direct interface to the precision of differential ECL timing or 
the simplicity of switching the Active Load from a single ended 
TTL or CMOS logic source. With switching speeds from IOH or 
IOL into Inhibit of less than 1.5 ns, the AD1315 can be electri
cally removed from the signal path "on-the-fly." 

The AD1315 is available in a 16-lead, hermetically sealed gull 
wing package and is specified to operate over the ambient com
mercial temperature range from 0 to + 70°C. 
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AD1315 SPECIFICA'JIONS (All measure~ents ma~~ in free air at +25°C. +Vs = +10 V, -Vs = -5.2 V, 
- " unless otherwise specified.) 

AD1315KZ 
Parameter Min Typ 

DIFFERENTIAL INPUT CHARACTERISTICS 
INH tolNH 

Input Voltage, Any One Input -3.0 
Differential Input Range 0.4 ECL 
Bias Current -2.0 1.0 

Current Program Voltage Range 
10H' 0 mA to +50 mA (Sink) 0 
lou 0 rnA to -50 mA (Source) 0 
Input Resistance 50 

IOHRTN' IOLRTN Range -2.0 

V COM' V DUT Range -2.0 
IOH' 0 mA to 50 mA 0.5 
lou 0 mA to -50 mA -2.0 

OUTPUT CHARACTERISTICS 
Active (Sink/Source) Mode 

Transfer Function 10 
Accuracy 

Linearity Error -0.12 
Gain Error -2.0 
Offset Error -1.0 

Output Current TC 10 
Inhibit Mode 

Output Capacitance 
Inhibit Leakage -200 20 

DYNAMIC PERFORMANCE 
Propagation Delay 

±IMAx to INHIBIT (tpm) 0.5 
INHIBIT to ±IMAx (tpD2) 1.5 

POWER SUPPLIES 
- V s to + V s Difference 15.2 
Supply Range 

Positive Supply +9.5 +10 
Negative Supply -5.45 -5.2 

Current 
Positive Supply +70 +85 
Negative Supply -100 -85 

Power Dissipation 1.3 
PSRR 

NOTES 
'IoHPRodioLPROG voltage range may be extended to -100 mV due to a possible I rnA offset current. 
2IoHRTNlloLRTN should be connected to V COM to minimize power dissipation. 

Max Units Comments 

4.0 Volts 
4.0 Volts 
2.0 mA 

+5.0 Volts Note 1 
+5.0 Volts Note I 

kO 
+7.0 Volts Note 2 
+7.0 Volts 
+7.0 Volts VDur--VcoM>1 V 
+4.0 Volts VCOM-VD\1T>1 V 

See Note 3 

mAN See Figure 1 
See Figure 1 

+0.12 %FSR 
+2.0 %FSR 
+1.0 mA 

!,-ArC 

3.0 pF 
200 nA 

See Note 3 
See Figure 2 

1.5 ns See Note 4 
3.0 ns See Note 4 

15.4 Volts 

+10.5 Volts 
-4.95 Volts 

+100 mA See Note 5 
-70 mA See Note 5 
1.54 Watts See Note 6 
0.05 %/% See Note 7 

'VOUT = -2 V to +7 V, CTOTAL = 10 pF, RoUT = 10 n. For inhibit leakage tests, VOUT = 0 V to +S.9 V, IOH = -4 rnA, IOL = +4 rnA, TCASE = + 36"C. 
'Measured from the ECL crossing to rhe 10% change in rhe output current. 
'IPROGRAM = ±SO mAo 
"Maximum power dissipation wirh +Vs = +10 V, -Vs = -S.2 V, IPROGRAM = ±SO rnA, VCOM = VOUT = OV. 
'For a 1% change in + V s or -V S' rhe ourput current may change a maximum of O.OS% of Full Scale Range (FSR). 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS· 
Power Supply Voltage 

+Vs to GND .......................... +12 V 
-Vs to GND .......................... -11 V 
Difference from +Vs to -Vs ................. 16 V 

Inputs 
Difference from INH to INH .................. 5 V 
INH,INH .............. +Vs -13.4 V, -Vs +11 V 
VCOM' VnuT ............ +Vs -13.1 V, -Vs +13.2 V 
Iou IOH Program Voltage ...... +Vs -IS V, -Vs +15 V 

Operating Temperature Range .............. 0 to + 70·C 
Storage Temperature Range ........... -65·C to + 125·C 
Lead Temperature Range (Soldering 20 sec)·· ...... +300·C 

PIN 
NO. SYMBOL FUNCTION 
1 IOLRTN LOGIC LOW CURRENT RETURN 
2 VCOM COMMUTATION VOLTAGE 
3 VDUT LOADIDUT CONNECTION 
4 -Vs NEGATIVE SUPPLY 
5 IOHRTN LOGIC HIGH CURRENT RETURN 
6 IOLPAOG LOGIC LOW CURRENT PROGRAM VOLTAGE 
7 LID LID CONNECTION (lNTERNALI 
8 GND GROUND 
9 IOHPROO LOGIC HIGH CURRENT PROGRAM VOLTAGE 

10 NIC NO CONNECTION 
11 NIC NO CONNECTION 
12 NIC NO CONNECTION 
13 +Vs POSITIVE SUPPLY 
14 INH INHIBIT 
15 INH INHIBIT 
16 NIC NO CONNECTION 

AD1315 
·Stresses above those listed under" Absolute Maximum Ratings" may cause 

pennanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

•• To ensure lead coplanarity (:to.002 inches) and solderability handling with 
bare hands should be avoided and the device should be stored in an environ~ 
ment at 24°C, :tSoC (75°F, :t 10°F) with relative humidity not to exceed 65%. 

CONNECTION DIAGRAM 

,. 
15 ,. 
13 

12 

11 

10 

9 

SUGGESTED PAD LOCATION 
Dimensions shown in inches and (mm). 

SUGGESTED LANDING PADS LOCATION 

~ ~--L 
C=::J c::::J 0.050 (1.27) 

C=::J c::::JT 
C=::J c::::J 
C=::J c::::J • 
C=::J c::::JTO.025 (0.64) 

C=::J ° 640 c::::J I. 1'- (16.26) -I .1 
0.810 

(20.57) 

ORDERING GUIDE 

Temperature Package 
Model Range Description Option· 

AD 131 5KZ o to +70·C 16-Lead Z-16B 
Gull Wing 

*For outline information see Package Information section. 
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AD1315 
DEFINITION OF TERMS 
Gain 
The measured transconductance. 

Gain = lOUT (@ 5 V Input) -lOUT (@ 0.2 V Input) 
VPROG (@ 5 V) - VPROG (@ 0.2 V) 

where V PROG fI(llues are measured at lodloH PROG 

Gain Error 
The difference between the measured transconductance and the 
ideal expressed as a % of full-scale range. 

Ideal Gain = 10 mAlV 

Ideal Gain - Actual Gain 
Gain Error = Ideal Gain x 100 

Offset Error 
Offset Error is measured by settiug the IoHPROG or IOLPROG 

inputs to 0.2 V and measuring lOUT' Since both IOH and IOL 

Figure 1. Definition of Terms 

+0.5 +0.1 

~ 
o~ -----~ -............. v 

-0. • -u 

outputs are unipolar, this small initial offset of 2 mA must be 
set to allow for measurement of possible negative offset. With a 
gain of 10 mAN, a 0.2 V input should yield an output of ±2 
mAo The difference between the observed output and the ideal 
± 2 mA output is the offset error. 

Offset Error = lOUT (@ 0.2 V) - Gain x VPROG (@ 0.2 V) 

Linearity Error 
The deviation of the transfer function from a straight line de
fmed by Offset and Gain expressed as a % of FSR. 

---... 

lOUT (calc) = Gain x VPROG (@ set point) + Offset 

where set point = VPROG !from 0.2 V to 5 V) 

lOUT (FSR) = Gain x VPROG (@ 5 V) + Offset 

.. lOUT (measured) -lOUT (calc) x 100 
Lmeanly Error = lOUT (FSR) 

~~=€O% "% 
lot. 10% 

Figure 2. Timing Diagram for Inhibit Transition 

r-.... ~ 

.... 

0." 

~ -0." .. 

-0.04 

, .......... ~ 

" " r- ~/ 
' ..... -,;,.,- --

- IoH UNEARITY WH~E~::: ::. _ 
--- IoLI1INEARITYr:r::~'1 

+21 +50 +11 o +21 +10 +75 
-0.01 

0.0 1.0 2.0 3.0 4.0 5.' 
AM.ENT TEMPERATURE -"C 

Figure 3. lov 10H Offset Current vs. 
Temperature 
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AMBIENT TEMPERATURE -"C 

Figure 4. lov 10H Gain Error vs. 
Temperature 

CURRENT PROGRAM VOLTAGE 

Figure 5. low 10L Linearity Error vs. 
Current Program Voltage 
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Figure 6. +IMAX' -IMAX to Inhibit 
Propagation Delay vs. Temperature 

Figure 7. Inhibit to +IMAX' -IMAX 
Propagation Delay vs. Temperature 
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Figure 8. Inhibit Mode Leakage Current vs. Case Temperature 
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Figure 9. AD1315 DC Test Circuit 

Figure 10. AD1315 Propagation Delay Test Circuit 
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AD1315 
FUNCTIONAL DESCRIPTION 
The ADl315 is a complete high speed active load designed for 
use in general purpose instrumentation and digital functional 
test equipment. The function of the active load is to provide 
independently variable source and sink currents for the device 
to be tested. 

The equivalent circuit for the AD 1315 is shown in Figure II. 
An active load performs the function of loading the output of 
the device under test with a programmed IOH or Iov These 
currents are independently programmable. V COM is the commu
tation voltage point at which the load switches from source to 
sink mode. The active load may also be inhibited, steering cur
rent to the IOLRTN and IoHRTN pins, effectively disconnecting 
it from the test pin. 

The AD 1315 accepts differential digital signals at its inhibit 
inputs ensuring precise timing control and high noise immunity. 
The wide inhibit input voltage range allows for EeL power sup
plies of -5.2 V and 0 V, -3.2 V and +2 V, and 0 V and +5 V. 
Where speed and timing accuracy are less important, TTL or 
CMOS logic levels may be used to toggle the Inhibit inputs of 
the AD 131 s. Single ended operation is possible by biasing one 
of the inputs to approximately + 1.3 V for TTL or V cel2 for 
CMOS. Care should be taken to observe the 4 V maximum 
allowable input voltage. 

The IOH and IOL programming inputs accept 0 V to +5 Vana
log inputs, corresponding to 0 to 50 mA output currents. The 
V COM input, which sets the IOHlIoL switch point, may be set 
anywhere within the input range of -2 V to + 7 V. 

Figure 11. Block Diagram 

VDUT VOLTAGE RANGE 
In Figure 12, V OUT range, IOH and IOL typical current maxi
mums are plotted versus DUT voltage. In the IOH mode (VOUT 
higher than V COM)' the load will sink 50 mA, until its output 
starts to saturate at approximately -1.5 V. In the IOL mode 
(V OUT lower than V COM)' the load will source 50 mA until its 
output starts to saturate at approximately + 5.5 V. At + 7 V, the 
source current will be close to zero. 
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VDUT-Volts 

""- • Io..NM • +IV ~ SPECIFIED OPERATING RANGE 

D TYPtCAl OPERATJNG RANGE 

Figure 12. Allowable Current Range for IOH< IOL vs. VOUT 

Ideally, the commutation point set at V COM would provide 
instantaneous current sink/source switching. Because of UV 
characteristics of the internal bridge diodes, this is not the case. 
To guarantee full current switching at the DUT, at least a I volt 
difference between V COM and V OUT must be maintained in 
steady state conditions. Because of the relatively fast edge rates 
exhibited by typical logic device outputs, this should not be a 
problem in normal ATE applications. 

INHIBIT MODE LEAKAGE 
The AD1315's inhibit-mode leakage current changes with both 
temperature and bias levels. There are two major contributing 
effects: transistor reverse-bias collector-base leakage and reverse 
leakage in the Schottky-diode bridge. Leakage variations with 
V OUT arise primarily from transistor collector-base leakage, 
while both effects contribute to leakage current temperature 
variations. Inhibit-mode leakage is weakly dependent on V COM 
and decreases slightly as the difference between V OUT and 
VCOM is reduced. Figure 8 shows typical AD1315 inhibit leak
age current as a function of V OUT and temperature. 

THERMAL CONSIDERATIONS 
The AD1315 is provided in a 0.550" x 0.550", 16-lead (bottom 
brazed) gull wing, surface mount package with a alC of 10°C/W 
(typ). Thermal resistance (case-to-ambient) vs. air flow for the 
AD 1315 in this package is shown in Figure 13. The data pre
sented is for a ZIF socketed device. For PCB mounted devices 
(w/30 mils clearance) the thermal resistance should be .., 3 to 7% 
lower with air flows below 320 Ifm(l). Notice that the improve
ment in thermal resistance vs. air flow starts to flatten out just 
above 400 Ifm(2). 

NOTES 
Ilfm is air flow in linear feet/minute. 
'Por convection cooled systems, the minimum recommended airflow is 
400 Ifm. 

•• 
50 .. 
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AIR FLOW - Un •• r Feet/Minute 

Figure 13. Case-to-Ambient Thermal Resistance vs. Air 
Flow 
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APPLICATIONS 
The A01315 has been optimized to function as an active load in 
an ATE test system. Figure 14 shows a block diagram illustrat
ing the electronics behind a single pin of a high speed digital 
functional test system with the ability to test 110 pins on logic 
devices. The A01315 active load, A01321 or A01324 pin 
driver, A01317 high speed dual comparator and the A0664 
quad 12-bit voltage OAC would comprise the pin electronic por
tion of the test system. Such a system could operate at 100 MHz 
with the A01321 (200 MHz with the A01324) in a data mode 
or 50 MHz (100 MHz) in the 110 mode. 

AD664 (x2) 
QUAD 12·BIT OAe 

AD1315 
The V COM input sets the commutation voltage of the active 
load. With OUT output voltage above V COM' the load will sink 
current (loH). With OUT output voltage below V COM' the load 
will source current (lOL). Like the IOH and 10L return lines, the 
V COM must be able to sink or source 50 mA, therefore a stan
dard op amp will not suffice. An op amp with an external com
plementary output stage or a high power op amp such as the 
A0842 will work well here. A typical application is shown in 
Figure 15. 

2 

A01317 

Figure 14. High Speed Digital Test System Block Diagram 

+15V 

15k 2k 

A01315 
OTO -4.5V 

VCOMIN 1k 

YIELDS 
VCOM = -2V to +7V 

620 

Figure 15. Suggested IOHRTN' IOLRTN< VCOM Hookup 

LAYOUT CONSIDERATIONS 
IOHRTN and IOLRTN may be connected to any potential between 
-2 V and +7 V. These return points must be able to source or 
sink 50 mA, since the 10H and IOL programmed currents are 
diverted here in the inhibit mode. The RTNs may be connected 

REV. A 

to a suitable GNO. However, to keep transient ground currents 
to a minimum, they are typically tied to the V COM programming 
voltage point. 
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AD1315 
EVALUATION BOARD 
The AD1315 Evaluation Board allows the designer to easily 
evaluate the performance of the ADl315 and its suitability for 
the specific application; The AD1315EB includes a mO\Ulted 

16k 

..... fVV\..-..... -< +1SV 

VDUT 1k 

1k 

AD1315KZ active load, an EeL input buffer for Inhibit and the 
oscilloscope probe jacks necessary to properly analyze the true 
performance of the AD1315KZ. An equipment list is provided 
in order to minimize variations due to test setups. 

Figure 16. AD1315EB Evaluation Board Circuit 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Full Window Comparator 
2.0 pF max Input Capacitance 
9 V max Differential Input Voltage 
2.5 ns Propagation Delays 
Low Dispersion 
Low Input Bias Current 
Independent Latch Function 
Input Inhibit Mode 
eodBCMRR 

APPUCATIONS 
High Speed Pin Electronic Receiver 
High Speed Triggers 
Threshold Datectors 
Peak Datectors 

PRODUCT DESCRIPTION 
The AD1317. is an ultrahigh speed window comparator with a 
latch. It uses a high speed monolithic process to provide high dc 
accuracy without sacrificing input voltage range. The AD 1317 
guarantees a 2.8 ns maximum propagation delay. 

On-chip connection of the common input eliminates the contri
butions of a second bonding pad and package pin to the input 
capacitance, resulting in a maximum input capacitance of 2 pF. 

The dispersion, or variation in propagation delay with input 
overdrive levels and slew rates, is typically 350 ps for 5 V sig
nals and 200 ps for 1 V inputs. 

The AD 1317 employs a high precision differential input stage 
with a common-mode range of 9 V. Its complementary digital 

REV. A 

Ultrahigh Speed 
Window Comparator with Latch 

AD1317 I 
FUNCTIONAL BLOCK DIAGRAM 

LEA LEA 

V1NA 

VINAIB 

VINB 

-lis IE iE LEB LEB GND 

outputs are EeL compatible. The output stage is capable of 
driving a 50 n line terminated to -2 V. The AD1317 also pro
vides a latch function, allowing operation in a sample-hold 
mode. The latch inputs can also be used to generate hysteresis. 

QB 

QB 

The comparator input can be switched into a high impedance 
state through the inhibit mode feature, electrically removing the 
comparator from the circuit. The bias current in inhibit mode is 
typically 50 pA. 

The AD1317 is available in a small16-lead, hermetically sealed 
"gull-wing" surface mount package and operates over the com
mercial temperature range, 0 to + 70"C. 
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AD1317 -SPECIFICATIONS (All specifications at +25OC, free air. Outputs terminated into 50 n to -2 Y, 
with +Ys = + 10 Y -Ys = -52 Y unless otherwise specified) , 

ADI317KZ 
Parameter Symbol Min Typ Max UDits Comments 

DC INPUT CHARACTERISTICS 
otIset Voltage Ves -10 10 mV CMV= OV 
otIsetDrift dVosldT 20 ",vrc 
VINAIB Bias Currents -2Vto+7V 

Active Ibca 10 33 ..,A 
Inhibit Ibci 50 pA 

VINA, V1NB Bias Currents -2Vto +7V 
Active Ibsa 5 16.5 ..,A 
Inhibit Ibsi 50 pA 

VINAIB Resistance Rinc 4 MO 
VINA, VINB Resistance Rins 8 MO 
Capacitance VINAIB, VINA, VINB CIN 1.5 2.0 pF 
Voltage Range VCM -2 7 Volts See Note 5 
Differential Voltage VDlFF 9 Volts 
Common-Mode 

Rejection Ratio CMRR 70 80 dB -2Vto +7V 

LATCH ENABLE INPUI'S 
Input Voltage, Any Input -2.0 5.0 Volts 
Differential Voltage 0.4 4 Volts 
Logic "I" Current IIH 10 ..,A 
Logic "0" Current I'L -200 ..,A 
Capacitsnce 4 pF 

INPUT ENABLE CURRENTS 
Input Voltage, Any Input -2.0 5.0 Volts 
Differential Voltage 0.4 4 Volts 
Logic "I" Current IIH 20 ..,A 
Logic ''0'' Current I'L -200 ..,A 
Capacitance 4 pF 

DIGITAL OUTPUTS 
Logic "1" Voltage VOH -0.98 Volts 
Logic "0" Voltage VOL -1.50 Volts 

SWITCHING PERFORMANCE See Figure 3 
Propagation Delays 

Input to Output tPDR' tPDP 1.8 2.8 ns See Note I 
Latch Ensble to Output tLO 2.0 2.5 ns See Note I 
Active to Inhibit tID 2.5 ns See Note 2 
Inhibit to Active tIE 15 ns See Note 3 
Propagation Delay T.C. 5 pare 

DispetSion See Note 4 
5 V Signal See Figure 1 

AU Edges 450 600 ps 
Rising Edge 350 ps 
Fa1Iins Edge 350 ps 

1 V Signal See Figure 2 
AU Edses 250 400 ps 
Rising Edge 200 ps 
Fa1Iins Edge 200 ps 

LATCH TIMING See Figure 3 
Input Pulse Width tpw 2.5 1.0 ns 
Setup Time ts I.S 0.4 ns 
Hold Time tH 0 ns 

POWER SUPPLIES 
-Vs to +Vs Range 15.2 15.6 See Note 5 
Positive Supply +Vs 8.0 10.0 11.0 Volts 
Negative Supply -Vs -7.2 -5.2 -4.2 Volts 
Positive Supply Current 1+ 50 70 mA 
Negative Supply Current 1- -100 -70 mA 
PSRR 65 75 dB Messured at ±2.S% of +Vs and -Vs 

NOTES 
'Propsption Delay is measured from the input threshoJd crossing at the 50% point of a 0 V to 5 V input to the output Q and Q crossing. 
'Propsption Delay is measured from the input crossing of IE and Ii! to when the input bias currents drop to 10% of their nominal value. 
'Propsption Delay is measured from the input crossing of IE and Ii! to when the input bias currents rise to 90% of their nominal value. 
'Dispersion is measured with input slew rates of 0.5 Vlns and 2.5 V/ns for 5 V swings, O.S V/ns and I V/ns for 1 V swings .. 
'The comparator input voltage rauge is specified for -2 V to +7 V for typical power supply values of -5.2 V and + 10.0 V but can be offset for different input 
rauges such as -1 V to +8 V with power supplies of -4.2 V and + 11 V, as 10lIl as the required headroom of 3 V is maintsined between both V H and + V s 
and VL and -V •• 

Specifications subject to chanae without notice. 
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ABSOLUTE MAXIMUM RATiNGS l 

Power Supply Voltage 
+Vs to GND ••................•....... +12 V 
-VstoGND ........................... -9V 
Difference from +Vs to -Vs ................ + 16 V 

Inputs 
VINNB, VINA, VINB ....• +Vs -13.5 V, -Vs +13.7 V 
LEA, LEA, LEB, LEB ....... +Vs -14 V, -Vs +12 V 
IE, IE ................. +Vs -14 V, -Vs +10.3 V 

Outputs2 

QA, QA, QB, QB ......... GND -0.5 V, GND +3.5 V 
Operating Temperature Range ............. O°C to + 70°C 
Storage Temperature Range 

Mter Soldering .................. -65OC to + 125°C 
Lead Temperature Range (Soldering 20 seci ....... +300°C 

NOTES 
'Stresses above those limits undet "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating omy, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not inlplied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Umits apply for sborted output. 
'To ensure lead coplanarity (±O.OO2 incbes) and solderability, handling with 
bare hands sbould be avoided and the device sbould be stored in an 
environment at 24"C ±5"C (75"1' ± lOOP) with relative humidity not to exceed 
65%. 

AD1317 
WINDOW COMPARATOR PIN ASSIGNMENT 

Pin No. Description 

VINA Noninverting Comparator A Input 

2 VINNB Window Comparator Common Input 

3 VINB Inverting Comparator B Input 

4 IE Input Enable 

5 IE Input Enable 

6 -Vs Negative Supply, -5.2V 

7 GND Ground 

8 +Vs Positive Supply, + 10V 

9 LEB Latch Enable B 

10 LEB Latch Enable B 

11 QB Comparator B Output 

12 QB Comparator B Output 

13 QA Comparator A Output 

14 QA Comparator A Output 

15 LEA Latch Enable A 

16 LEA Latch Enable A 

ORDERING GUIDE 

VlNA 

VlNA/B 

VlNB AD1317 
if 

IE TOP VIEW 

-v. (Not To Scale) 

GND 

+v. B 

REV. A 

Temperature Package 
Model Range Description Option* 

ADl317KZ o to +70OC 16-Lead Z-16A 
Gull Wing 

"For outline information see Package Information section. 

11 

CONNECTION DIAGRAMS 
Dimensions sbown in incbes and (mm). 

SUGGESTED LANDING PADS LOCATION 

W 6 ~..l LEA c:::J 
QA c:::J c::::J 0.050 (1.27) 

QA c:::J c::::JT 
QB c:::J c::::J 
i!Ii c:::J c::::J t 
LEB c:::J c::::JT 0.025 (0.63) 

ID c:::J 0 540 c::::J 
I. 1'- (13.71) --I _I 

0.710 
(18.03) 
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AD1317 - Definition of Terms 
Vos INPUT OFFSET VOLTAGE - The voltage which 

must be applied between either VINA and VINAIB 
or VINB and VINAIB to obtain zero voltage 
between outputs QA and QA, or QB and QB, 
respectively. 

dVos/dT OFFSET DRIFT - The ratio of the change in 
input offset voltages, over the operating temperature 
range, to the change in temperature. 

Ibca INPUT BIAS CURRENT (VINAIB, ACTIVE)
The bias current of the window comparator's 
common input with inputs enabled. 

Ibci INPUT BIAS CURRENT (VINAIB, INHIBIT)
The bias current of the window comparator's 
common input with inputs inhibited. 

Ibsa INPUT BIAS CURRENT (VINA or VINB, 
ACTIVE) - The bias current of either single input 
with inputs active. 

Ibsi INPUT BIAS CURRENT (VINA or VINB, 
INHIBIT) - The bias current of either single input 
with inputs inhibited. 

Rinc INPUT RESISTANCE (VINAIB) - The input 
resistance looking into the window comparator's 
common input. 

Rins 

VCM 

CMRR 

INPUT RESISTANCE (VINA or VINB) - The 
input resistance looking into either single input. 

INPUT CAPACITANCE (VINAIB) - The 
capacitance looking into the window comparator's 
common input. 

INPUT COMMON-MODE VOLTAGE RANGE
The range of voltages on the input terminals for 
which the offset and propagation delay specifica
tions apply. 

INPUT DIFFERENTIAL VOLTAGE RANGE -
The maximum difference between any input 
terminal voltages. 

COMMON-MODE REJECTION RATIO - The 
ratio of common-mode input voltage range to the 
peak-to-peak change in input offset voltage over this 
range. 

LOGIC "1" INPUT CURRENT - The logic high 
current flowing into (+) or out of ( -) a logic input. 

LOGIC "0" INPUT CURRENT - The logic low 
current flowing into (+) or out of ( -) a logic input. 

LOGIC "1" OUTPUT VOLTAGE - The logic high 
output voltage with a specified load. 

LOGIC "0" OUTPUT VOLTAGE - The logic low 
output voltage with a specified load. 

6-18 ATE COMPONENTS 

IOH LOGIC "1" OUTPUT CURRENT - The logic 
high output source current. 

IOL LOGIC "0" OUTPUT CURRENT - The logic low 
output source current. 

1+ 

1-

PSRR 

POSITIVE SUPPLY CURRENT - The current 
required from the +Vs supply. 

NEGATIVE SUPPLY CURRENT - The current 
required from the -Vs supply. 

POWER SUPPLY REJECTION RATIO - The 
ratio of power supply voltage change to the 
peak-to-peak change in input offset voltage. 

AD1317 SWITCHING TERMS (See Figure 3) 

tpDR INPUT TO OUTPUT RISING EDGE DELAY -
The propagation delay measured from the time 
VINAIB crosses either VINA or VINB, in a low to 
high transition, to the time QA and QA or QB and 
QB cross, respectively. 

tpDP INPUT TO OUTPUT FALLING EDGE DELAY 
- The propagation delay measured from the time 
VINAIB crosses either VINA or VINB, in a high to 
low transition, to the time QA and QA or QB and 
QB cross, respectively. 

tpw 

MINIMUM LATCH SET-UP TIME - The 
minimum time before LE goes high with respect to 
LE that an input signal change must be present in 
order to be acquired and held at the outputs. 

MINIMUM LATCH HOLD TIME - The 
minimum time after LE goes high with respect to 
LE that the input signal must remain unchanged in 
order to be acquired and held at the outputs. 

MINIMUM LATCH ENABLE PULSE WIDTH
The minimum time that LE must be held high with 
respect to LE in order to acquire and hold an input 
change. 

LATCH ENABLE TO OUTPUT DELAY - The 
time between when LE goes high with respect to 
LE that QA and QA or QB and QB cross. 

INPUT STAGE DISABLE TIME - The time 
between when IE goes high with respect to IE that 
the input bias currents drop to 10% of their 
nominal value. 

INPUT STAGE ENABLE TIME - The time 
between when IE goes high with respect to IE that 
the input bias currents rise to 90% of their nominal 
values. 
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Figure 1. Dispersion Test Input Conditions - 5 V Signal 
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Figure 2. Dispersion Test Input Conditions - 1 V Signal 
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AD1317-Typical Performance Characteristics 

1na! DIY 

~.~ 
-0.5 

! 
I -1.0 

J 
:--.. 

·fto ~~Y 1'-:' 
-1.5 

...d:./' 

1na/DIY 11IIE_ 
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Figure 11. Output Waveform vs. Load Figure 12. Propagation Delay vs. 
Common-Mode Voltage 
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AD1317 - Typical Performance Characteristics 
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Figure 21. Power Supply Currents vs. Temperature 
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FUNCTIONAL DESCRIPTION 
The AD1317 is an ultrahigh speed window comparator designed 
for use in general purpose instrumentation and automatic test 
equipment. The internal connections for windowing operation 
keep the capacitance at the critical common input (VINAlB) 
well below what could normally be obtained using separate in
put pins. 

Another key feature is that the front end circuitry may be dis
abled, decreasing input bias currents to 50 pA (typical). This 
enables sensitive dc current testing without having to physically 
disconnect the AD1317's input from the circuit. The compara
tor's outputs would normally be latched to maintain absolute 
logic levels prior to inhibiting the input. 

High speed comparators using bipolar process technology usu
ally have input bias currents in the 1 I1A to 20 I1A range, and 
the AD 1317 is no exception in this regard. This occurs because 
the input devices usually have low current gain but must be op
erated at high currents to obtain the widest possible bandwidth. 
Careful design minimizes variations in the AD 1317's bias cur
rent with respect to both differential and common-mode input 
variations. This translates directly to a high equivalent input 
resistance, the minimum of which occurs with zero differential 
input. The typical input resistance of the AD 1317's common 
input under this condition is on the order of 4 megohms. 

Many ATE applications have required input dividerslbuffers to 
reduce standard logic voltages to levels which can be processed 
by "687" type comparators. These dividers have also reduced 
the slew rates at which the comparators must properly function. 
The AD1317's 9 volt differential and common-mode input 
ranges and 2.5 Vlns slew rate capability make these buffer cir
cuits unnecessary in most applications. 

Separate, complementary latch inputs are provided for each 
comparator. These may be driven by differential or single-ended 
sources ranging from ECL to HCMOS logic. When using the 
comparator's transparent mode, the latch inputs may be tied 
anywhere within their common-mode range with a maximum 
differential of 4 V. Symmetrical hysteresis may also be generated 
by applying a small differential voltage to the latch inputs (see 
HYSTERESIS). 

The AD1317's outputs are standard emitter followers with ECL
compatible voltage swings. The recommended output termina
tion is 50 ohms to - 2 V. Larger value termination resistors 
connected to -V s may be used, but will reduce edge fidelity. 
Typical output rise and fall times (20%-80%) are 1 ns with a 
50 ohm, 10 pF load. The maximum output source current is 
4OmA. 

THERMAL CONSIDERATIONS 
The AD1317 is provided in a 0.450" x 0.450", 16-1ead (bottom 
brazed) gull wing, surface mount package with a typical S]C 

(junction-to-case thermal resistance) of 17SC/W. Thermal 
resistance SCA (case to ambient) vs. air flow for the AD1317 in 
this package is shown in Figure 25. The improvement in ther
mal resistance vs. air flow begins to flatten out just above 
400 lfm"'" 

NOTES 
Ilfm is airflow in linear feet/minute. 
2Por convection cooled systems, the minimum recommended airflow is 
4001fm. 
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Figure 25. Case-to-Ambient Thermal Resistance vs. Air 
Flow 

DISPERSION 
Propagation delay dispersion is the change in device propagation 
delay which results from changes in the input signal conditions. 
Dispersion is an indicator of how well the comparator's front
end design balances the conflicting requirements of high gain 
and wide bandwidth. High gain is needed to ensure that small 
overdrives will produce valid logic outputs without an increase 
in propagation delay, while wide bandwidth enables the compar
ator to handle fast input slew rates. The input signal criteria 
used to determine the AD 1317's dispersion performance are am
plitude, overdrive and slew rate for both standard CMOS and 
ECL signal levels. 

HYSTERESIS 
The customary technique for introducing hysteresis into a com
parator uses positive feedback as shown in Figure 27. The major 
problems with this approach are that the amount of hysteresis 
varies with the output logic levels and that the hysteresis is not 
symmetrical around zero. 

The AD1317 does not use this technique. Instead, hysteresis is 
generated by introducing a differential voltage between LE and 
LE as shown in Figure 28. Hysteresis generated in this manner 
is independent of output swing and is symmetrical around zero. 
The variation of hysteresis with input voltage is shown in Figure 
29; the useful hysteresis range is about 20 m V. 

LAYOUT CONSIDERATIONS 
Like any high speed device, the AD1317 requires careful layout 
and bypassing to obtain optimum performance. Oscillations are 
generally caused by coupling from an output to the high imped
ance inputs. All drive impedances should be as low as possible, 
and lead lengths should be minimized. A ground plane should 
be used to provide low impedance return paths. Care should be 
taken in selecting sockets for incoming or other testing to mini
mize lead inductance, and sockets are not recommended for pro
duction use. 
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AD1317 
Output wire lengths should be kept below one inch. Longer 
connections require the use of transmission line techniques to 
prevent ringing and reflections. Lines should be terminated with 
theit characteristic impedance to - 2 v. Thevenin-equivalent 
termination to - V s is also possible. 

High quality RF capacitors should be used for power supply 
bypassing. These should be located as closely as possible to the 
AD13l7's power pins and connections to the ground plane 
should have the minimum possible length. Both + V s and -V s 
must be bypassed with 470 pF capacitors located within 0.25 
inches of the device's supply pins. In addition, each supply 
should be bypassed with 0.1 .... F ceramic and 10 .... F tantalum 
capacitors. Low impedance power distribution techniques will 
make the locations of these components less critical. Adding 
470 pF capacitors at the VINA and VINB inputs, as close as 
possible to the package, will improve circuit performance and 
noise immunity in dc-compare applications. 
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Figure 26. AD1317 Basic Circuit Decoupling 
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Figure 31. High Speed Digital Test System Block Diagram 

A TE COMPONENTS 6-25 



6-26 A TE COMPONENTS 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Output Swing Adjustable to 22 V (24 V with ±16 V 

Supplies) 
100 rnA Output Current Drive 
Slew Rate to 500 V/",s 
Power Down nStand-Byn Mode 
Driver Inhibit Function 
Over Current Fault Indicator 
High Speed Differential Inputs 

APPLICATIONS 
Automatic Test Equipment 

System Testers 
Functional Testers 

Instrumentation & Characterizatio 
General Purpose Driver 

PRODUCT DESCRIPTION 
The AD 1320 is a complete high voltage pin driver designed for 
use in PC board, mixed-signal and large system testers including 
portable and ground military and commercial testers. Using a 
high speed, high breakdown, monolithic process, this product 
offers outstanding electrical performance, optimum packing den
sity, and long term reliability in its IS-pin hermetically sealed 
DIP package. 

Featuring unity gain, output levels programmable from -II V 
to + 11 V, and an output swing capability of 400 m V to 22 V, 
the AD1320 is designed to drive ECL, TTL, and CMOS logic 
families, RS-232 lines, and mixed-signal inputs. Its high output 
current capability allows real-time stimulation in the most diffi
cult tester environments with a minimum of external compo
nents. The pin driver can be switched into a high impedance 
state using its inhibit mode for testing 110 devices. The 
AD 1320's typical inhibit leakage current is 500 nA, and the out
put charge transfer when going into inhibit mode is typically 
less than 50 pC. 

High Voltage Pin Driver 
with Inhibit Mode 

AD1320 I 

FUNCTIONAL BLOCK DIAGRAM 

-------------1 
I 

AD1320 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

OUTPUT 

L...---OFAULT 

Transitions between output High and Low and to and from 
inhibit are controlled via the AD 1320's high speed differential 
data and inhibit inputs. This allows for direct interfaces with the 
precision timing of differential ECL or the simplicity of single
ended TTL or CMOS logic. The analog High and Low refer
ence inputs are equally easy to interface. Requiring typically 
I fLA of bias current, these inputs can be directly coupled to the 
output of a DAC, either singly or in parallel with the inputs of a 
number of other drivers. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1320-SPECIFICATIONS (All specifications atTA = +25°C in still air, Vee = +15 V, VE~ = -15 V, 
VHOUT = +10 V, VLOUT = -10 V, VSR = +5.0 V, unless otherwise noted. 
See Figure 1 for output load and stability circuitry.) 

Parameter Min Typ Max Units Comments 

DIFFERENTIAL INPUT CHARACTERISTICS 
D to D, INH to INH 

Voltage Range, Any Single Input -2.0 +7.0 V 
Differential Input Amplitude 0.4 ECL 5.0 V 
Bias Current -35 35 I1A 

REFERENCE INPUTS 
V HIN' V LIN Bias Currents I1A Note I 

CONTROL INPUTS 
VSR (Slew Rate) Input Current 4 15 I1A 0.5 V < VSR <5 V 
Power-Down Input 

Logic High (powered Down) 2.0 V 
Logic Low (Active) 0.0 V 
Input Resistance ill Note 2 

LOGIC REFERENCE PINS 
Logic Reference Voltage Out 

Logic Reference Set Open V 
Logic Reference Set Grounded V 
Output Impedance ill 

Logic Reference Set Current, Grounded I1A 

OUTPUT CHARACTERISTICS 
Output Voltage Range Vcr:. - 4 V 
Output Voltage Amplirude 24 V Note 3 
Offset ±10 +30 mV Note 4 
Gain 1.000 1.001 VN Note 5 
Linearity Error +50 mV Note 6 
Output Voltage Temperarure Drift ±0.5 mVrc 
Current Drive 

Static -100 100 rnA 
Positive Current Limit 100 175 rnA ToGND 
Negative Current Limit -175 -100 rnA ToGND 

Leakage Current, Inhibit Mode -1 1 I1A Note 7 
Output Resistance, ILOAD = ±5 rnA 2.7 TBD 5.5 n Note 8 
Output Resistance, ILOAD = ± 100 mA 1.5 TBD 8.5 n Note 8 

FAULT INDICATOR 
Current Fault (Active Low) Note 9 

Positive Output Current Setpoint 90 100 110 rnA 
Negative Output Current Setpoint -110 -100 -90 rnA 

DYNAMIC PERFORMANCE Note 10 
Driver Mode 

Delay TinIe 4.0 5.0 6.0 ns Note 11 
Delay Time Matching, Edge-to-Edge 1.5 2.0 ns 
Rise & Fall TinIe Note 12 

5 V Swing 6 8 ns 
20V Swing 35 40 ns 

Slew Rate, VSR = +5.0 V TBD 500 TBD V/l1s Note 13 
Slew Rate, VSR = +0.5 V TBD 50 TBD V/l1s Note 13 
Overshoot -500 500 mV 
Preshoot -200 +200 mV 
Settling Time TBD ns Note 14 

This information applies to a product under development. Its characteristics and specifications ara subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing,. 
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Parameter 

DYNAMIC PERFORMANCE 
Inhibit Mode 

Delay Time 
Output High or Low to Inhibit 
Inhibit to Output High or Low 

Overshoot & Preshoot 
Output Capacitance 
Output Charge Entering Inhibit Mode 

POWER SUPPLIES 
Current 

Positive Supply, Active 
Positive Supply, Powered Down 
Negative Supply, Active 
Negative Supply, Powered Down 
+PSRR 
-PSRR 

NOTES 
iSpecification applies for VEE + 4 < V HIN' V LIN < V 
'Resistance to ground. 
'24 V output swing requires ± 16 V supplies; 
4Measured for output "high" and output "low" 
'Gain is defined as 20 V/0IINI - VIN,) where VINI and 
"high" and output "low" by applying the inputs to V HIN a 
+ 11 V when measuring output "low" gain. 

Min 

3.0 
6.5 
-500 

-45 
-5 

6Linearity is measured for both the output "high" and output "low" states 
(see Note 5). 

'Specification applies for VEE + 4 < VOUT < V cc - 4. 
'Tested with VHOUT = +5 V and VLOUT = -5 V. 

Typ 

4.0 
7.4 

40 

AD1320 
Max Units Comments 

Note IS 
5.0 ns 
8.5 ns 
500 mV 
20 pF 
50 pC CL = 100 pF 

rnA 
rnA 
rnA 
rnA 
mVN Vee ±2.5% 
mVN VEE ±2.5% 

force VOUT to ± 10.000 V. Gain is measured for both output 
eld at -II V when measuring output "high" gain; V HIN is held at 

the endpoint method with endpoints detennined during the gain measurement 

"The Current Fault Indicator pin (Pin 4, CFI) should be pulled up to + 5 V with a 2k!l resistor. Active Low is defined as V CFI < 2.5 V. 
"'VHOUT = +5.0 V, VLOUT = 0.0 V, VSR = +5.0 V for all dynamic specifications, except VHOUT = +10 V, VLOUT = -10 V for 20 V output swing tests. 
"Drive mode delay times are measured from the crossing of differential ECL data inputs to a 200 mV transition (excluding preshoot) at the driver output. See 

Figure 2. 
"Measured between the 10% and 90% points of the output waveform. 
"Slew rates are calculated based on the measured 20% to 80% rise time and fall time for a 20 V output swing. 
"Settling time is measured between the time at which 90% of a 5 V output transition has been completed and the time at which the output is within ± 200 m V 

of its final value. See Figure 3. 
"Iuhibit Mode delay times are measured from the crossing of differential ECL inputs to a 200 m V transition at the output. The output load is 50 !l in parallel 

with less than 10 pF to ground, VHOUT = +500 mY, VLOUT = -500 mY. See Figure 2. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
Operating Temperature Range ............. O°C to + 70°C 
Storage Tempemture Range ........... -65°C to + 150°C 
Power Supply Voltage 

Vee to Ground ......................... +30 V 
VEE to Ground ......................... -30 V 
Vee to VEE' ........................... +36 V 

Data and Inhibit Inputs 
Any Input .................. -TBD V to +TBD V 
Maximum Differential Input .........•....... 5.5 V 

Maximum Current Into Any Input .............. 20 rnA 
Power Dissipation ...... 2.8 W at 25°C with 400 lfm Airflow 

.................... and No Heat Sink 

Output Short Circuit Duration 
To Ground .......................... Indefinite 
To V = - 3 V . . . . . . . . . . . . . . . . . . Indefinite* 
To VEE + 3 V ....................... Indefinite* 

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

"The AD 1320's output is not protected against short circuits outside this range. 
Shorting the output [0 potentials greater than V cc - 3 V or less than VEE + 
3 V may destroy the device. 

ORDERING GUIDE 

Temperature Package 
Model Range Description Option* 

AD 1320KQ O°C to +70°C l8-Lead Cerdip Q-18 

*For outline infonnation see Package Information section. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1320 

PIN CONFIGURATION 

VOUT NIC 

VEE 

C,_ 

V H1N 

VUN 

SET 

REF 

0 

Pin No. 

2 
3 
4 
5 
6 
7 
8 
9 
10 

PIN DESIGNATIONS 

Symbol 

VOUT 

Vee 
CI + 
Fault 
VSR 

PDOWN 
GND 

Function 

Driver Output 
Positive Supply 
Positive Overcurrent Bypass 
Output Overcurrent Flag 
Slew Rate Control Voltage 
Powerdown Control Input 
Device Ground 
Inhibit Input Complement 
Inhibit Input 
Driver Input 
Driver Input Complement 
Logic Reference Out 
Logic Reference Level Set 
Output Voltage Low Level Set 
Output Voltage High Level Set 
Negative Overcurrent Bypass 
Negative Supply 
No Connect 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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DEFINITION OF TERMS 
OFFSET 
The offset error for logic high is determined by forcing the driv
er's output to logic high with zero volts applied to V HIN' The 
driver output voltage then represents the offset "high" error. 
The same approach is used to determine the offset "low" error. 

GAIN 
Logic high gain error is measured by driving the AD 1320's out
put to logic high, holding V LIN at -11 V, and measuring the 
change in V HIN required to change the output voltage by 
20.000 V (from -10.000 V to + 10.000 V). Logic low gain error 
is measured holding V HIN at + II V and varying V LIN to change 
the output from -10.000 V to + 10.000 V. Gain is specified 
with no output load and will vary as a function of loading 
because of the AD 1320's nonzero output impedance. 

LINEARITY 
The maximum deviation of the driver's transfer fu 
reference line with endpoints of -10.000 V 
Logic high linearity is measured by holdi 
and varying V HIN between the voltages n 
AD 1320's output to ±IO.OOO V. Logic low linea 
in similar fashion, holding V HIN at + 11 V and chan 
Linearity is specified and tested with no dc load. 

DELAY TIME 
The time required for the input signal(s) to propagate through 
the driver and be converted to the desired output levels. The 
precise measurement techniques are defined in the notes and are 
shown in Figure 2. 

EDGE·TO·EDGE MATCHING 
Edge-to-edge matching is the difference, in time, between the 
delay times of the rising and falling edges. 

SLEW RATE 
The average rate of change of the output waveform between two 
specified voltages. Maximum slew rate is achieved during large
signal output transitions. 

OVERSHOOT AND PRESHOOT 
The amount by which transients on the driver's output exceed 
the desired beginning and ending set voltages for a given transi
tion. Refer to Figure 3. 

AD1320 

FERRITE BEAD 

.'.10pF 

... j- PROBE 

lkU' + PARASITICS 
, 
+ T'OPF 1 511) 

*1k!.l: RESISTOR USED FOR AC MEASUREMENTS ONLY. 

Figure 1. Output Stability Network and Load 

INHIBIT MODE DELAY TIME 

Figure 2. Timing Oiagram for Drive and Inhibit Propaga
tion Delays 

+500mV 

OVER~~~~R~{ ~2~~ = :N:L ~A~U; = -= = = = = = = = 
BAND --------- -----

-200mV 

-------- -----
-SDOmV 

SETTLING 
ERROR 

BAND 

90% OF TRANSITION 
COMPLETED 

PRE~~~g~ { +2.Q.O'!!.V - - - - - - - INITIAL-VALUE - - - -
BAND __ 

-200mV 

Figure 3. Definition of Waveform Aberrations and Settling 
Time 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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rIIIIII ANALOG 
WDEVICES 

FEATURES 
100 MHz Driver Operation 
Driver Inhibit Function 
250 ps Edge Matching 
Guarenteed Industry Specifications 

50 .0 Output Impedance 
1 Vlns Slew Rate 
Variable Output Voltages for ECl, TTL and CMOS 

High Speed Differential Inputs for Maximum Flexibility 
Hermetically Sealed Small Gull Wing Package 

APPUCATIONS 
Automatic Test Equipment 

Semiconductor Test Systems 
Board Test Systems 

Instrumentation & Characterization Equipment 

PRODUCT DESCRIPTION 
The AD1321 is a complete high speed pin driver designed for 
use in digital or mixed signal test systems. By combining a high 
speed monolithic process with a unique surface mount package, 
this product attains superb electrical performance while preserv
ing optimum packaging densities and long term reliability in an 
ultrasmall 16-lead, hermetically sealed gull wing package. 

Featuring unity gain programmable output levels of - 2 V to 
+7 V with output swing capability of less than 100 mV to 9 V, 
the AD1321 is designed to stimulate ECL, TTL and CMOS 
logic families. The 100 MHz (5.0 ns pulsewidth) data rate 
capacity, I V Ins slew rate, and matched output impedance 
allows for real-time stimulation of these digital logic families. To 
test 110 devices, the pin driver can be switched into a high 
impedance state (inhibit mode) electrically removing the driver 
from the path through the inhibit mode feature. The pin driver 
leakage current in inhibit is typically 50 nA, and output charge 
transfer entering inhibit is typically less than IS pC. 

The AD1321 transition from HIlLa or to inhibit is controlled 
through the data and inhibit inputs. The input circuitry is 
implemented utilizing high speed differential inputs with a com
mon mode range of 3 volts. This allows for direct interface to 

REV. A 

High Speed Pin Driver 
with Inhibit Mode 

AD1321 I 
FUNCTIONAL BLOCK DIAGRAM 

the precision of differential ECL timing or the simplicity of 
stimulating the pin driver from a single ended TTL or CMOS 
logic source. The analog logic HIlLa inputs are equally easy to 
interface. Typically requiring 350 .... A of bias current, the 
AD1321 can be directly coupled to the output of a digital-to
analog converter. 

The ISO MHz analog bandwidth of the logic HIlLa inputs 
allows for four quadrant multiplying providing maximum flexi
bility as a standard pin driver and a waveform generator all in 
one package. 

The AD1321 is available in a 16-lead, hermetically sealed gull 
wing package and is specified to operate over the ambient com
mercial temperature range from 0 to + 70·C. 
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AD1.3.21 SPECIFICA'JIONS (All measurements made in free air at +25°C .. Output load 10 kG/6 pF with 
,....- It +Vs = +10 V, -Vs = -5.2 V unless otherwise noted) 

AD1321KZ 
Parameter Min Typ Max Units Comments 
DIFFERnNTIAL INPUT 

CHARACTERISTICS 
D to D, INH to INH 

Input Voltage, Any One Input -2.0 +7.0 Volts 
Differential Input Range 0.4 ECL 3.0 Volts 
Bias Current 175 300 ",A 

REFERENCE INPUTS See Note 1 
V HIGH Range (V H) -2.5 +7.5 Volts 
V LOW Range (V L) -2.5 +7.5 Volts 
VHIGH Bias Currents (VH) 0.5 1.2 rnA 
V LOW Bias Currents (V Ll 0.3 0.5 rnA 
Input Bandwidth 150 MHz See Figure 9 

OUTPUT CHARACTERISTICS See Notes 1, 2 
Logic High Range -2.0 +7.0 Volts 
Logic Low Range -2.0 +7.0 Volts 
Amplitude [VH-Vd 0.1 +9.0 Volts 
Accuracy See Figure 1 

Initial Offset -50 +50 mV 
Gain Error -4.5 -2.5 -0.5 % of Set Level See Note 3 
Linearity Error 

o V to +5.5 V -0.5 +0.5 % of Set Level 
-2 V to +7 V -1.0 +1.0 % of Set Level 

Output Voltage TC 0.5 mVrC See Figures 7 & 8 
Current Drive 

Static 30 rnA 
Dynamic 100 rnA See Note 4 
Current Limit 85 rnA 

Output Impedance 48.5 50.0 51.5 ohms See Note 5 

DYNAMIC PERFORMANCE 
Driver Mode See Note 6 

Delay Time 0.8 1.2 1.6 ns See Figure 2 
Prop Delay TC 2.0 psrc See Figure 4 

Delay Time Matching 
Edge-to-Edge -250 ±80 +250 ps See Figure 5 

Rise & Fall Times See Figure 10 
1 V Swing 0.9 1.2 ns Measurement 20%-80% 
3 V Swing 2.7 3.0 ns Measurement 10%-90% 
5 V Swing 4.0 4.4 ns Measurement 100/0-90% 
Large Signal Slew 0.8 1.1 V/ns Measurement 20%-80% of 9 V Swing 

Toggle Rate 100 MHz ECL Output 
Minimum PW, VOUT = 2 V 5.0 ns See Figure 12 
Overshoot & Preshoot -(3% Vo)-50 +(3% Vo)+50 mV See Figure 3, Note 7 
Settling Time See Figure 3, Note 7 

to ±1% Vo 15 ns 
Delay Time vs. PW ISO ps See Note 8; See Figure 6 
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AD1321 
AD1321KZ 

Parameter Min Typ Max Units Comments 

DYNAMIC PERFORMANCE 
Inhibit Mode See Figure 2 

Delay Time See Note 9 
Drive-to-Inhibit 1.1 1.7 os 
Inhibit-to-Drive 1.6 2.2 ns 

Edge-to-Edge Matching -250 ±100 +250 ps 
Overshoot & Preshoot 40 80 mV See Figure 3 
Output Capacitance 8 10 pF 
Output Charge Going 

into Inhibit Mode 15 pC See Figure 13 
Leakage Current 

in Inhibit Mode 
-2 V to +5 V 50 200 nA 
+5Vto+7V 1.0 IJ.A 

POWER SUPPLIES 
-Vs to +Vs Range 15.2 15.4 Volts 

Supply Range See Note 10 
Positive Supply +8.0 +10.0 +12.0 Volts 
Negative Supply -7.2 -5.2 -3.2 Volts 

Current 
Positive Supply 42 60 78 rnA 
Negative Supply -78 -60 -42 rnA 

+PSRR VOH = +7 V 0.5 0.5 %I%VOUT +V = ±2.5% 
-PSRR VOL = -2 V 0.5 0.5 %I%VOUT -V = ±2.5% 

NOTES 
'The output voltage range is specified for -2 V to +7 V for typical power supply values of -5.2 V and + 10.0 V but can be offset for different values of VOUT 
such as 0 V to +9 V as long as the required headroom of 3 V is maintained between both VH and +Vs and VL and -Vs. 

2V H can be set to be as much as 4 volts below V L without any harm to the driver with the restriction that neither level can go below - 2 V with the typical 
power supply setting. In this condition the rise and fall times will approximately double. 

'The gain error of the driver is always in the negative direction with respect to the voltage set level. 
'Transient output current can easily exceed the AD132I's steady·state current limit when driving capacitive loads. The transient output current capability can 
• be increased by connecting 0.039 fJl' capacitors between Pin 5 and ground and Pin 6 and ground. This will prevent the driver from current limiting by pro· 

viding the "edge" current necessary when driving capacitive loads. These capacitors will not affect the driver's de current limit. 
'Driver output resistance is trinuned and guaranteed for a 3 V swing into a 50 ohm cable. 
·Delay times are measured from the crossing of differential EeL outputs at the inputs to the driver to the 50% point of an ±400 mV driver output. 
7Due to uncontrolled inductances in the test socket, overshoot, preshoot and settling time cannot be 100% tested. These chsracteristics are guaranteed based on 
characterization data. 

BDelay matching vs. PW is defined as the amount of change in propagation, with respect to the leading edge, due to change in pulsewidth of the input signal. 
The AD1321 is characterized over the pulaewidth range of 5 ns to 100 ns. 

"Inhibit mode delay times are measured from the crossing of differential (EeL) INH inputs to a 200 mV transition at the pin driver output. VOUT is connected 
to a 100 ohm/IS pF load terminated to ground. VO:! is set at + I V and VOL is set at -I V for this test. 

,oA supply range of 15.2 V must be maintained to guarantee a 9 V output swing. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS· 
Power Supply Voltage 

+Vs to GND ........•................. +13 V 
-Vs to GND .......................... -8.2 V 
Difference from +Vs to -Vs ................. 16 V 

Inputs 
Difference from D to D ...................... 5 V 
Difference from INH to INH .................. 5 V 
D, D, INH, INH .......... +Vs -12 V, -Vs +11.5 V 
VH to VL ....•.•...•.............. -4 V, +9 V 
VH, VL ............... +Vs -13.0 V; -Vs +13.2 V 

Driver Output 
Voltage •.•••..•........ +Vs -13.0 V, -Vs +13.2 V 
Short Circuitto GND .......•....••.•... Indefinite 

REV. A 

Operating Temperature Range .............. 0 to + 7O"C 
Storage Temperature Range ........... -65·C to + 125·C 
Lead Temperature Range (Soldering 20 sec)t ....... + 300"C 

NOTES 
·Stresses above those listed under "Absolute Maximum Ratinga" may cause 
permanent damage to the device. This i. a stress rating only, and functionsl 
operation of the device at these or any other conditions above those indicated 
in the operatinnal sections of this specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reJisbility . 

iTo ensure lead ooplanarity (±0.OO2 inches) and solderability, handling with 
bare hands should be avoided and the device should be stored in an 
environment at 24"<:, ± 5"<: (75"F, ± IO"F) with relative humidity not to exceed 
65%. 
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CONNECTION DIAGRAMS 
Dimensious shown in inches and (mm). 

AD1321 

TOP VIEW 
(Not To Scale) 

16 

15 

14 
13 

12 
11 

10 

9 

PIN CONFIGURATION 

PIN NO. SYMBOL FUNCTION 
1 GND CIRCUIT GROUND 
2 NIC NO CONNECTION 
3 VOUT DRIVER OUTPUT 
4 NIC NO CONNECTION 
5 c.+ POSITIVE DECOUPLE 
6 C1_ NEGATIVE DECOUPLE 
7 VL VOLTAGE LOGIC LOW 
8 NIC NO cONNECTION 
9 LID LID CONNECTION· 

10 y.. VOLTAGE LOGIC HIGH 
11 D DRIVER INPUT 
12 D DRIVER INPUT 
13 INH INHIBIT INPUT 
14 INH INHIBIT INPUT 
15 -Vs NEGATIVE SUPPLY 

SUGGESTED LANDING PADS LOCATION 

16 +Vs POSITIVE SUPPLY 

~...l °IT 18 RECOMMENDED TO CONNECT PIN • TO CIRCUIT GROUNO. 

t::J 0.050 (1.27) 

t::JT 
t::J 
t::J...l 

E:::J t::JTO.025 (0.63) 

E:::J 0.540 t::J I. 1-- (13.71) --I .1 
0.710 

(18.03) 

ORDERING GUIDE 

Temperature 
Model Range 

AD1321KZ 0 to +70"C 

Package 
Option* 

16-Lead 
Gull Wing 
(Z-I6A) 

·For outline information see Package Information 
section. 
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OFFSET ERROR 
The offset error for logic high is determined by holding the out
put of the driver 8t logic high, and applying zero volts to the 
logic high reference input. The driver output value represents 
the offset "high" error. The same approach is used to identify 
offset "low" error 

where: 
V H 

D 
o 
INH 
INH 

OV 
HIGH 
LOW 
LOW 
HIGH. 

GAIN ERROR 

V HIGH OFFSET = VOUT 

Defmed as the ratio of the driver's output voltage to its logic set 
level voltage and is expressed in terms of percent of set level. 
The gain error is typically seen as 2.5% and is always in the 
negative direction with respect to the logic set level 

V (%) - VOUT - VH - VHIGHOFFSET X 100 
HIGH GAIN - V H 

where: 
VH 
D 
o 
INH 
INH 

5.0 V+VHIGHOFFSET 

HIGH 
LOW 
LOW 
HIGH. 

LINEARITY ERROR 
The deviation of the transfer function from a reference line. For 
the AD 1321, the linearity error is calculated by subtracting the 
worst case gain error from the best case gain error (for the speci
fied range) and divide the result by two. This method guaran
tees that the maxinIum linearity error for any set level within 
the specified range will be within the specified limits 

where: 

V (%) - VHlGHGAIN (max)- VHIGHGAlN (min) x 100. 
HIGH UNEARlTY - 2 

DELAYTIME 
The amount of time it takes the input signal to propagate 
through the driver and be converted to the desired logic levels. 
The measurement technique is defmed in the notes and is 
shown in Figure 2. 

EDGE-To-EDGE MATCHING 
Edge-to-edge matching is the difference, in time, between the 
delay time of the rising edge and the falling edge. 

MINIMUM PULSEWIDTH 
Defmed as the smallest pulse applied to the input of the driver 
which can maintain an output signal amplitude of 2 V. The 
minimum pu1sewidth is measured at the 50% points of the 
waveform. 

OVERSHOOT AND PRESHOOT 
The amount by which the driver's output voltage exceeds the 
desired set voltage. Preshoot is similar to overshoot but is the 
amount by which the driver's output goes below the initial volt
age when driving to the new set level (or inhibit mode). See 
Figure 3. 

REV. A 

Definition of Terms-AD1321 

WHERE Your = Van ± J OFFSET ERROR 1- GAIN ERROR ± UNEARfTV ERROR 

Figure 1. Definition of Terms 

:~'---
=::: __ -+I-.Jj }---~"--(I 

I-
INHIB1T UODE DELAY TIME 

Figure 2. Timing Diagram for Driver and Inhibit 
Propagation Delay 
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PRESHDDT 
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BAND 

*UIIITS ARE :t8DmY FOR INHIBIT MODE OVERSHOOT AND PRESHOOT 

Figure 3. Definition of Waveform Aberrations 
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AD1321-Typical Performance Characteristics 
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Figure 4. Driver Propagation Delay 
vs. Temperature 
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Figure 13. Charge into Inhibit Test Setup 
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PULSE 
GENERATOR 

100MHz 

NOTES 

OllT1 

OllT2 

1. PULSE GENERATOR OllTPlIT LEVELS 
TO BE -a.BV TO -2.0V. 

2. ALL SCOPE PROBES TO BE 10kU, 
3pF, 300MHz BANDWIDTH. 

3. SCOPE BANDWIDTH 3OOMHz. 
4. FIXTURE REQUIRES GROUND PLANES. 
5. SEE PARAGRAPH ON LAYOUT CONSIDERATIONS. 

AD1321 

1'470pF 

Figure 14. AD1321 Test Setup 

FUNCTIONAL DESCRIPTION 
The ADl321 is a complete high speed piD driver designed for 
use iD general purpose iDstrumentation and digital functional 
test equipment. The purpose of a piD driver is to accept digital, 
analog and timiDg information from a system source and com
biDe these to drive the device to be tested. 

Figure 15. AD1321 Block Diagram 

REV. A 

The circuit configuration for the AD l321 is outliDed iD Figure 
15. Simply stated, a piD driver performs the function of a pre
cise, high speed level translator with an output which can be 
disabled. The AD l321 accepts differential digital information 
utili2ing a high speed differential design on the D and INH 
iDputs providing precise timing at logic crossover and high noise 
immunity. The wide iDput voltage range allows for ECL opera
tion with power supplies at 0 to -5.2 V, +2 V to -3.2 V or 
+5 V to 0 V. Where timing is less critical, TTL or CMOS logic 
levels may be used to toggle the ADl321. By biasing the D and 
INH iDputs to approximately + 1.3 V for TTL and 112 V cc for 
CMOS, the D and INH iDputs can be directly driven from these 
single-ended output sources. The output of the piD driver will 
follow the logic state of the D iDput providing the INH iDput is 
low. When inhibit is asserted, the output is disconnected and 
any activity on the iDput does not affect the output. 

Analog information is provided to the pin driver through the V H 

and V L termiDais as reference voltages. These analog voltages 
are buffered interna1Iy using unity gam followers. The resulting 
gam and linearity errors are provided iD the specification table. 
System timing requirements are achieved through a specified 
1.2 ns, ±400 ps driver propagation delay, 1.0 V/ns slew rate, 
defmed preshoot and overshoot, and a dynamically trimmed 
SO fl output impedance. 
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AD1321 
LAYOUT CONSIDERATIONS 
While it is generally considered good engineering practice to 
capacitively decouple the power supplies of an active device, it is 
absolutely essential for a high power, high speed device such as 
the AD 1321. The engineer merely has to consider the current 
pulse demand from the power supply when a dynamic current 
change of -100 mA to + 100 mA is required in only a few nano
seconds. Therefore, a 470 pF high frequency decoupling capaci
tor must be located within 0.25 inches of the + V s and - V s 
terminals to a low impedance ground. A 0.1 jLF capacitor in 
parallel with a 10 jLF tantalum capacitor should also be situated 
between the power supplies and ground however, the proximity 
to the device is less critical assuming low impedance power sup
ply distribution techniques are employed. Circuit performance 
will be similarly enhanced and noise minimized by locating a 
470 pF capacitor as close as possible to V H' V L and connected 
to ground. Bypass considerations have been summarized in Fig
ure 16. 

~~--1~---I1----------41~-+' +~ 
470pF O.l~F + 10~F 

10)---+-----1---....... ---1--."" 
470pF 

)------t------~------t_----~~--.COMMON 

470pF 

r-----t-----+-----~-----+---.~ 

+ 
47OpF1 Io.l~F _I10~F 

~--------~----~--~------------~--~--.. -~ 

Figure 16. Basic Circuit Decaupling 

An equally important consideration is the use of microwave 
stripline techniques on the output of the AD 132 1. Failure to 
preserve the 50 n output impedance of the pin driver will result 
in unwanted reflections, ringing and general corruption of the 
wave shape. Care should be exercised when selecting etch 
widths and routing, wire and cable to the device to be tested, 
and in choosing relays if they are required. 
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THERMAL CONSIDERATIONS 
The AD1321 is provided in a 0.450· x 0.450·, 16-lead (bottom 
brazed) gull wing, surface mount package with-a typical 
junction-to-case thermal resistance of 5 .6°CJW. Thermal resis
tance OCA (case to ambient) vs. air flow for the AD1321 in this 
package is shown in Figure 17. The improvement in thermal 
resistance vs. air flow begins to flatten out just above 
400 lfm(1.2). 

NOTES 
llfm is air flow in Linear Peet/Minute. 
'Por convection cooled systems, the minimum recommended airflow is 
400 Ifm. 

J 60~~~-r~~-r~~r++4-r~ 
I 

! 1 r.i'oo 
ill ~ 50 i'oo 100. 

~ • AD1321 PCB MOUNTED I' r-. .... 

I 40 H-+t-t-H-+-H--H-+~-t-~-t-... +-r-+4--t 

o 80 180 240 320 400 480 560 640 720 800 

AIR FLOW - Linear Feet/Minute 

Figure 17. Case-to-Ambient Thermal Resistance vs. Air 
Flow 
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AD664(x2) 
QUAD 12-BIT DAC 

COMPARE 
REGISTER 

AD1321 

AD1317 

AD1315 

Figure 18. High Speed Digital Test System Block Diagram 

APPLICATIONS 
The AD 1321 has been optimized to function as a pin driver in 
an ATE test system. Shown in Figure 18 is a block diagram 
illustrating the electronics behind a single pin of a high speed 
digital functional test system with the ability to test 110 pins on 
logic devices. The AD1321 pin driver, AD1317 high speed dual 

REV. A 

comparator, AD1315 active load, and the AD664 quad 12-bit 
voltage DAC would comprise the pin electronic portion of the 
test system. Such a system could operate at 100 MHz in a 
data mode or 50 MHz in the 110 mode, yet fit into a neat trim 
package. 

ATE COMPONENTS 6-41 

• 



AD1321 

.INHII~ 
IN 

INHIBIT 

+_...q ....... :J--H~ ~~-+""'~ __ -4 .... _ .... +--,gINHIIIUOMP 

330·4 

GND 

GNDt---~~c--~-~ Vour 

HlC 

NOTES: 

AD1321 

PIN DRIVER 

"HALf.MOON" CONNECTORS CAN IE CONNECTED OR DISCONNECTED AS REQUIRED •. ••• 
DECOUPUNG CAPS ARE NOT SHOWN ON THIS SCHEMATIC, IUT THE IOARD USES O.l~F AND 
470pF CAPS TO DECOUPLE THE Vee, VEE, VLOW AND VII'" SUPPUES. 
SMA CONNECTORS • 
PROB!' JACKS ) 
INC CONNECTORS E 

Figure 19. AD1321EB Evaluation Board Schematic 
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AD1321 
DC POWER SUPPLIES (4) 

100MH. 
MINIMUM 

50 MHz 
MINIMUM 

RANGE: 
-2V TO +7V AT 

<SmA 

RANGE: 
-2V TO +7V AT 

<SmA 

RANGE: 
~.2V NOMINAL 
100mA MINIMUM 

+ 

RANGE: 
+ 10V NOMINAL, 
l00mA MINIMUM 

+ 

RANGE: 
~.2V NOMINAL 
150mA MINIMUM 

+ 

RECOMMENDED 
)---...... -+0 BANDWIDTH: 

lGHz MINIMUM 

OSCILLOSCOPE 

PULSE GENERATORS (2) CONNECTORS ON AD1321 EVALUAnON BOARD: 

1. DC POWER SUPPLIES: FEMALE BANANA JACKS 
2. PULSE GENERATORS: FEMALE BNC CONNECTORS 
3. OSCILLOSCOPE: FEMALE PROBE SOCKET (TEKTRONIX pin: 131-0258-00) 

Figure 20. AD1321 Evaluation Board Connections 

AD1321 EVALUATION BOARD 
Introduction 
The AD132IEB evaluation board was developed to aid the cus
tomer in quickly evaluating the performance of the AD 1321. 
Included is complete documentation of the evaluation board 
along with suggestions on equipment to use and measurement 
limitations. 

Overview 
The AD 1321 is a high speed pin driver used in automatic test 
equipment. 

The device has true differential inputs for both the drive and 
inhibit which can be driven from either TIL or ECL logic 
levels (ECL is recommended). Standard ECL design and layout 
techniques should be used. 

The device runs from dual power supplies + 10 V and -5.2 V. 
It is very important that these power supplies are decoupled 
properly at the device pin. (High frequency oscillations will cou
ple through to the device output.) 

The reference input pins are dc inputs; therefore they also 
should be decoupled properly. The reference input range is 
-2 V to +7 V. 

The output slew rate is I V Ins for large signals and has a rep 
rate for an ECL level of 100 MHz minimum. 

Equipment 
The Drive and Inhibit inputs should be driven with standard 
ECL levels. If the full performance of the AD1321 needs to be 
evaluated, the generator must be able to supply an ECL level at 
frequencies greater than 200 MHz. Motorola's MCI0216 is used 
on the evaluation board to simulate the actual application. V BB 

is used on the MCI0216 as the logic reference and the outputs 
have 330 ohm pulldowns to VEE' 

REV. A 

Five power supplies are required: DUT_Vee, DUT_VEE' 
VH1GH, VLOW and ECL_VEE. DUT_Vee requires +10 Vat 
100 rnA minimum; DUT_VEE requires -5.2 V at 100 rnA mini
mum; ECL_VEE requires -5.2 Vat ISO rnA minimum. VHIGH 

and VLOW require -2 V to +7 V at 5 rnA (each). 

The output performance of the pin driver can only be measured 
properly with a scope which has the proper bandwidth for the 
required application. The input impedance and the bandwidth 
of the scope probe should be taken into consideration when 
evaluating the performance of the device. The resultant band
width of the system is the RMS value of the components in the 
system. 

The characterizations performed by Analog Devices were per
formed using the following equipment: Tektronix 11402 
mainframe (I GHz BW), P6203 FET probe (1 GHz, 1.2 pF, 
I M ohm) and llA7l plug-in (I GHz BW, 50 ohm). 

The Hewlett-Packard 54120 and 54110 were also evaluated with 
500 ohm, 1.2 pF passive probes and the Data Precision 6100 
with their model 640 FET probe (50 kO, 4 pF). When measur
ing the performance of waveforms close to or exceeding the 
bandwidth of a scope, it is not uncommon for the results 
between scopes to be different because of aberrations and slew 
rates. 
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~ANALOG 
WDEVICES 

FEATURES 
200 MHz Driver Operation 
Driver Inhibit Function 
200 ps Edge Matching 
Guaranteed Industry Specifications 

50 {l Output Impedance 
2 V/ns Slew Rate 
Variable Output Voltages for ECl. TTL and CMOS 

High Speed Differential Inputs for Maximum Flexibility 
Hermetically Sealed Small Gull Wing Package 

APPLICATIONS 
Automatic Test Equipment 

Semiconductor Test Systems 
Board Test Systems 

Instrumentation & Charecterization Equipment 

PRODUCT DESCRIPTION 
The AD1324 is a complete high speed pin driver designed for 
use in digital or mixed signal test systems. By combining a high 
speed monolithic process with a unique surface mount package, 
this product attains superb electrical performance while preserv
ing optimum packaging densities and long term reliability in an 
ultrasmallI6-lead, hermetically sealed gull wing package. 

Featuring unity gain programmable output levels of - 2 V to 
+ 7 V with output swing capability of less than 100 m V to 9 V, 
the AD1324 is designed to stimulate ECL, TTL and CMOS 
logic families. The 200 MHz (2.5 ns pulsewidth) data rate 
capacity, and matched output impedance allows for real-time 
stimulation of these digital logic families. To test 1/0 devices, 
the pin driver can be switched into a high impedance state 
(inhibit mode) electrically removing the driver from the path, 
through the inhibit mode feature. The pin driver leakage cur
rent in inhibit is typically SO nA, and output charge transfer 
entering inhibit is typically less than IS pC. 

The AD1324 transition from HIILO or to inhibit is controlled 
through the data and inhibit inputs. The input circuitry is 
implemented utilizing high speed differential inputs with a 
common-mode range of 3 volts. This allows for direct interface 
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Ultrahigh Speed Pin Driver 
with Inhibit Mode 

AD1324 I 
FUNCTIONAL BLOCK DIAGRAM 

to the precision of differential ECL timing or the simplicity of 
stimulating the pin driver from a single ended TTL or CMOS 
logic source. The analog logic HIlLa inputs are equally easy to 
interface. Typically requiring IS fLA of bias current, the 
AD 1324 can be directly coupled to the output of a digital-to
analog converter. 

The AD1324 is available in a 16-lead, hermetically sealed gull 
wing package and is specified to operate over the ambient com
mercial temperature range from O°C to + 70°C. 
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AD1324 SPECIFICA'JIONS (All measurements made in free air at +2SoC .. Output ~~ad 10 kO/6 pF with 
- " +Vs = +10 V, -Vs = -S.2 V unless otherwise specified) 

AD1324KZ 
Parameter Min Typ Max Units Comments 

DIFFERENTIAL INPUT 
CHARACTERISTICS 

D to D, INH to INH 
Input Voltage, Any Input -3.0 +5.5 Volts 
Differential Input Range 0.4 ECL 3.0 Volts 
Bias Current -1350 +200 +500 !LA 

REFERENCE INPUTS See Note 1 
V HIGH Range (V H) -2.5 +7.5 Volts 
V LOW Range (V Ll -2.5 +7.5 Volts 
Bias Currents -40 ±15 40 !LA 
Bias Current Change 2 10 !LA See Note 2 

OUTPUT CHARACTERISTICS See Notes 1, 3 
Logic High Range -1.6 +7.0 Volts 
Logic Low Range -2.0 +6.6 Volts 
Aroplimde [VH-Vd 0.4 +9.0 Volts 
Accuracy 

Initial Offset -200 +200 mV 
Gain Error -3.0 -1.0 0.0 % OfVSET 
Linearity Error See Note 4 

-1.0 V to +5.6 V -(0.2% + 10) (0.2% + 10) % OfVSET + mV VL 
-1.0 V to +6.0 V -(0.2% + 10) (0.2% + 10) % OfVSET + mV VH 
-2.0Vto -1.0V -(0.2% + 40) (0.2% + 40) % ofVsET + mV Vu VH 
+6.0 V to +7.0 V -(0.2% + 40) (0.2% + 40) % ofVsET + mV VH 
+5.6 V to +7.0 V -(0.2% + 40) (0.2% + 40) % OfVSET + mV VL 

Output Voltage Drift 0.5 mVrC 
Current Drive 

Static 30 rnA 
Dynamic 100 rnA See Note 5 
Current Limit 35 85 rnA Output to GND 

Output Resistance 48.5 50.0 51.5 n See Note 6 
Leakage Current in Inhibit Mode 

-I V to +6 V -I ±0.25 . +1 !LA TJ = 95°C ± 5°C; See Note 7 
-2 V to +7 V -10 +10 !LA TJ = 95°C ± 5°C; See Note 7 

DYNAMIC PERFORMANCE See Note 8 
Driver Mode 

Delay Time 0.9 1.2 1.5 ns See Note 9 
Prop Delay TC 1.0 psfC 

Delay Time Matching Edge-to-Edge 0 50 250 ps 
Rise & Fall Times See Note 10 

1 V Swing 0.4 0.6 0.8 ns Measurement 20%-80% 
2 V Swing 1.0 1.2 1.4 ns Measurement 10%-90% 
3 V Swing 1.4 1.7 2.0 ns Measurement 10%-90% 
5 V Swing 2.3 2.6 2.9 ns Measurement 10%-90% 
9 V Swing 5.5 6.5 ns Measurement 10%-90% 

Toggle Rate 200 MHz ECL Output 
Large Signal Slew Rate 1.5 V/ns 
Minimum Pulsewidth, V OUT = 2 V 2.0 ns See Figure II 
Overshoot & Preshoot 

I V to 7 V -(3% Vol -50 +(3%Vo) +50 mV % ofVOUT Swing; See Note II 
Settling Time 

I Vt07V, ±(l% x Vol 15 ns See Note II 
Delay Time vs. PW 100 ps See Note 12 

DYNAMIC PERFORMANCE 
Inhibit Mode Delay Time See Note 13 

Drive-to-Inhibit 1.0 1.3 1.6 ns 
Inhibit-to-Drive 1.4 1.9 2.4 ns 

Delay Time Matching 
Edge-to-Edge 0 100 400 ps I V Swing 

Overshoot & Preshoot 300 mV 
Output Capacitance 3.5 5 pF 
Output Charge Going 

into Inhibit Mode 5 pC 
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AD1324 
.-

AD1324KZ 
Parameter Min Typ Max Units Comments 

POWER SUPPLIES 
-Vs to +Vs Range 15.2 15.6 Volts 

Supply Range See Note 14 
Positive Supply +8.0 +10.0 +11.0 Volts 
Negative Supply -7.2 -5.2 -4.2 Volts 

Current 
Positive Supply 42 82 100 mA 
Negative Supply -100 -82 -42 mA 
PSRR 5 20 mVN +Vs, -Vs = ±2.5% _. 

NOTES 
'The output voltage range is specified for -2 V to +7 V for typical power supply values of -5.2 V and +10.0 V but can be offset for different values ofVoVT 

such as -1 V to +8 V or -4 V to + 5 V as long as the required headroom of 3 V is maintained between both V Hand + V s and V Land -V S. 

2VII and V L inputs have internal buffers which reduce the input bias current requirements. These buffers also reduce the amount of bias current change when 
the output switches logic levels. 

;\VH must remain at least 400 mV more positive than VI. for specified performance. Vu may be as much as 5 V more negative than Vu with degraded 
performance. 

*Linearity testing is performed in I V increments over the following ranges: 
VL Linearity: VH fixed at +7.0 V, VI. = -2.0 V to +6.6 V; 
VI! Linearity: VL fixed at -2.0 V, VI! = - 1.6 V to +7.0 V. 

Linearity error includes the error due to interaction for a minimum amplitude of 400 mY. Interaction error testing is performed with Vn = -0.6 V, VI
-1.0 V and with VI! ~ +6.0 V, VI. = +5.6 V. 

sTransient output current can easily exceed the AD 1324's steady-state current limit when driving capacitive loads. The transient output current capability can 6 
be increased by connecting 0.039 ~F capacitors between Pin 5 and + V ~ and between Pin 6 and - V s' This will prevent the driver from current limiting by 
providing the "edge" current necessary when driving capacitive loads. These capacitors will not affect the driver's dc current limit. 

6Driver output impedance is 50 !l for a 3 V p-p signal into a SO !l load. 
7While in inhibit mode, the output voltage must not go more than 6 V above V HIGH or 6 V below V 1.0'-\:" 

"The driver output has 2 ns length of 50 n coaxial cable attached with a to kW6 pF probe, I GHz bandwidth or equivalent at the far end. 
':IDelay times are measured from the crossing of differential ECL levels at the input to the 50% point of an 800 mV driver output with VH and VL set at 
±400 mY, respectively. 

lORise and fall time performance guaranteed over the output range of +Vs -4 V to -Vs +4.2 V except for 9 V swing, which is measured over the output range 
of +V, -3 V to -Vs + 3.2 V. 

11 Due to uncontrolled inductances in the test socket, overshoot, preshoot and settling time cannot be 100% tested. These characteristics are guaranteed by 
characterization data . 

12Delay matching vs. PW is defined as the amount of change in propagation delay, with respect to the leading edge, due to change in pulsewidth of the input 
signal. The specification applies over the pulsewidth range of 2.5 ns to 100 ns. 

13Inhibit mode delay times are measured from the crossing of differential (ECL) INH inputs to a 200 mV crossing at the pin driver's output connected to 
2 ns length of 50 n coaxial cable. The cable is terminated to ground through a 50 n resistor. The measurement is made at the 50 n resistor to GND with 
a to kll/6 pF scope probe. 

1-1-A supply range of 15.2 V must be maintained to guarantee a 9 V output swing, 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
Power Supply Voltage 

+Vs to GND .......................... +13 V 
-'Vs to GND .......................... -8.2 V 
Difference from +Vs to -Vs ................. 16 V 

Inputs 
Difference from D to 15 .................... 4.75 V 
Difference from INH to INH ................ 4.75 V 
D, 15, INH, INH ......... +Vs - 13 V, -Vs + 11.5 V 
VHtoVL •••••••.•••••..•••••••••• -1 V, +9V 
VH, VL .••••.•... +Vs - 13.2 V, -Vs + 13.2 V 

Driver Output 
Voltage ............... +Vs - 13.2 V, -Vs + 13.2 V 
Short Circuit to GND ................... Indefinite 

Operating Temperature Range ............. O°C to + 70°C 
Storage Temperature Range ........... -65°C to + 125°C 
Lead Temperature Range (Soldering 20 sec)t ....... + 300°C 

REV. 0 

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

'To ensure lead coplanarity (±0.002 inches) and solderability handling with 
bare hands should be avoided and the device should be stored in an 
environment at 24°C, :±: 5°C (75°P, :±: lOOP) with relative humidity not to exceed 
65%. 

ORDERING GUIDE 

Temperature Package 
Model Range Description Option* 

AD1324KZ o to +70°C 16-Lead Z-16A 
Gull Wing 

*Por outline information see Package Information section. 
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AD1324 
CONNECTION DIAGRAMS 

Dimensions shown in inches and (mm). 

SUGGESTED LANDING PADS LOCAT10N 

16 6 ~--*-15 c::J 
14 c::J 

c::J 0.050 (1.27) 

AD1324 13 c::J AD1324 c::::J t 
TOP VIEW 12 c::J c::::J 

(Not To Scale) 
11 c::J ~ =} 0.025 (0.63) 10 c::J 

8 c::J 

I_ 1_-:.540 (13.71)-_1 J 
.710 (18.03) 

PIN DESCRIPTION 

Pin No. Symbol Function 

I GND Circuit Ground 

2 N/C No Connection 

3 VOUT Driver Output 
4 N/C No Connection 
5 C1+ Positive Decouple 

6 C1_ Negative Decouple 

7 VL Voltage Logic Low 
8 GND Internal Ground* 
9 LID Lid Connection* 

10 VH Voltage Logic High 

11 D Driver Input 

12 D Driver Input 

13 INH Inhibit Input 
14 INH Inhibit Input 

15 -Vs Negative Supply 

16 +Vs Positive Supply 

*It is recommended to connect Pins 8 and 9 to Circuit Ground. 
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OFFSET ERROR 
The offset error for logic high is determined by holding the out
put of the driver at logic high, and applying zero volts to the 
logic high reference input. The driver output value represents 
the offset "high" error. The same approach is used to identify 
offset "low" error. 

where: 

VH 
D 
D 
INH 
INH 

OV 
HIGH 
LOW 
LOW 
HIGH 

GAIN ERROR 

V HIGH OFFSET = V OUT 

Defined as the ratio of the driver's output voltage to its logic set 
level voltage and is expressed in terms of percent of set level. 
The gain error is typically seen as 1.0% and is always in the 
negative direction with respect to the logic set level. 

VHIGHGAlN (%1 

where: 

V OUT - V H - V HIGH OFFSET X 100 
VH 

VH 5.0 V+VH1GH OFFSET 

D HIGH 
D LOW 
INH LOW 
INH HIGH 

LINEARITY ERROR 
The deviation of the transfer function from a reference line. For 
the AD 1324, the linearity error is calculated by subtracting the 
worst case gain error from the best case gain error (for the speci
fied range) and dividing the result by two. This method guaran
tees that the maximum linearity error for any set level within 
the specified range will be within the specified limits. 

V HIGH GAIN (max 1- V HIGH GAIN {min 1 
V HIGH L/XE.{RITY {% 1 = 2 x 100 

DELAY TIME 
The amount of time it takes the input signal to propagate 
through the driver and be converted to the desired logic levels. 
The measurement technique is defined in the notes and is 
shown in Figure 2. 

EDGE-TO-EDGE MATCHING 
Edge-to-edge matching is the difference, in time, between the 
delay time of the rising edge and the falling edge. 

MINIMUM PULSEWIDTH 
Defined as the smallest pulse applied to the input of the driver 
which can maintain an output signal amplitude of 2 V. The 
minimum pulsewidth is measured at the 50% point of the 
waveform. 

OVERSHOOT AND PRESHOOT 
The amount by which the driver's output voltage exceeds the 
desired set voltage. Preshoot is similar to overshoot but is the 
amount by which the driver's output goes above or below the 
initial voltage when driving to the new set level (or inhibit 
mode). See Figure 3. 
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Definition of Terms-AD1324 

IDEAL TRANSFER CURVE 

6.5V 

UNCOMPENSATED OUTPUT 

Your 

(NOT TO SCALE) 

+ 
WHERE VOUT = IIsET ± 10FFSET ERROR 1- GAIN ERROR ± LINEARITY ERROR 

Figure 1. Definition of Terms 
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Figure 2. Timing Diagram for Driver and Inhibit 
Propagation Delay 
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ERROR r-~~~==~---.~-t-t~~~~~.t
BAND 

PRESHOOT 
ERROR~_~--f-~~~~~----~--------~ 

BAND 
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Figure 3. Definition of Waveform Aberrations 
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AD1324-Typical Performance 
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PULSE 
GENERATOR 

100MHz 

NOTES 
1. PULSE GENERATOR OUTPUT LEVELS 

TO BE -o.BV TO -2.OV, 
2. ALL SCOPE PROBES TO BE 10k", 

3pF, 300MHz BANDWIDTH. 
3. SCOPE BANDWIDTH 3OOMHz. 
4. FIXTURE REQUIRES GROUND PLANES. 
5. SEE PARAGRAPH ON LAYOUT CONSIDERATIONS. 

AD1324 

Figure 13. AD1324 Test Setup 

FUNCTIONAL DESCRIPTION 
The AD 1324 is a complete high speed pin driver designed for 
use in general purpose instrumentation and digital functional 
test equipment. The purpose of a pin driver is to accept digital, 
analog and timing information from a system source and com
bine these to drive the device to be tested. 

Figure 14. AD1324 Block Diagram 

REV. 0 

The circuit configuration for the AD 1324 is outlined in Figure 
14. Simply stated, a pin driver performs the function of a pre
cise, high speed level translator with an output which can be 
disabled. The AD 1324 accepts differential digital information 
utilizing a high speed differential design on the D and INH 
inputs providing precise timing at logic crossover and high noise 
inlmunity. The wide input voltage range allows for ECL opera
tion with power supplies at 0 to -5.2 V, +2 V to -3.2 V or 
+5 V to 0 V. Where timing is less critical TTL or CMOS logic 
levels may be used to toggle the AD1324. By biasing the D and 
INH inputs to approXimately + 1.3 V for TTL and 112 V cc for 
CMOS, the D and INH inputs can be directly driven from these 
single-ended output sources. The output of the pin driver will 
follow the logic state of the D input providing the INH input is 
low. When inhibit is asserted the output is disconnected and any 
activity on the input does not affect the output. 

Analog information is provided to the pin driver through the V H 

and V L terminals as reference voltages. These analog voltages 
are buffered internally using unity gain followers. The resulting 
gain and linearity errors are provided in the specification table. 
System timing requirements are achieved through a specified 
1.2 ns, ± 300 ps driver propagation delay, defined preshoot and 
overshoot, and a dynamically trimmed 50 n output impedance. 
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AD1324 
LAYOUT CONSIDERATIONS 
While it is generally considered good engineering practice to 
capacitively decouple the power supplies of an active device, it is 
absolutely essential for a high power, high speed device such as 
the AD1324. The engineer merely has to consider the current 
pulse demand from the power supply when a dynamic current 
change of -100 rnA to + 100 rnA is required in only a few nano
seconds. Therefore, a 470 pF high frequency decoupling capaci
tor must be located within 0.25 inches of the + V s and - V s 
terminals to a low impedance ground. A 0.1 J.LF capacitor in 
parallel with a 10 J.LF tantalum capacitor should also be situated 
between the power supplies and ground. However, the proxim
ity to the device is less critical assuming low impedance power 
supply distribution techniques are employed. Circuit perform
ance will be similarly enhanced and noise minimized by locating 
a 470 pF capacitor as close as possible to V H' V L and connect
ed to ground. Bypass considerations have been summarized in 
Figure 15. 

@) 1 
470pF 

J ~ 'Vs 

10~IF 

10~---r----~------'------r--~ VH 

470pF 

COMMON 

470pF 

VL 

+ 
l'O"F~ 

-lis 

Figure 15. Basic Circuit Oecoupling 

An equally important consideration is the use of microwave 
stripline techniques on the output of the AD 1324. Failure to 
preserve the 50 n output impedance of the pin driver will result 
in unwanted reflections, ringing and general corruption of the 
wave shape. Care should be exercised when selecting etch 
widths and routing, wire and cable to the device to be tested, 
and in choosing relays if they are required. 
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THERMAL CONSIDERATIONS 
The AD1324 is provided in a 0.450" x 0.450", 16 lead (bottom 
brazed) gull wing, surface mount package with a typical junction
to-case thermal resistance of 17 .50 C/W. Thermal resistance SeA 
(case to ambient) vs. air flow for the AD1324 in this package is 
shown in Figure 16. The improvement in thermal resistance vs. 
air flow begins to flatten out just above 400 Ifm(1. 2). 

NOTES 
Ilfm is air flow in Linear Feet/Minute. 
2Por convection cooled systems, the minimum recommended airflow is 
400lfm. 
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Figure 16. Case-to-Ambient Thermal Resistance vs. Air 
Flow 
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APPLICATIONS 
The AD 1324 has been optimized to function as a pin driver in 
an ATE test system. Shown in Figure 18 is a block diagram 
illustrating the electronics behind a single pin of a high speed 
digital functional test system with the ability to test I/O pins on 
logic devices. The AD1324 pin driver, AD1317 high speed 

PERIOD GENERATION 
& DELAY TIMING 

AD75069 
OCTAL 12·BIT DAC 

D 

INH 

FORMATTER 

DELAY 

WIDTH 

DELAY 

WIDTH 
COMPARE 

EXP DATA REGISTER 

MASK 

AD1324 
dual comparator, AD1315 active load, and the AD75069 octal 
12-bit voltage DAC would comprise the pin electronic portion of 
the test system. Such a system could operate at 200 MHz in a 
data mode or 100 MHz in the I/O mode, yet fit into a neat trim 
package. 

AD1317 

Figure 17. High Speed Digital Test System Block Diagram 
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AD1324 
AD1324 EVALUATION BOARD 
Introduction 
The AD1324EB evaluation board was developed to aid in 
quickly evaluating the performance of the AD 1324. Included is 
complete documentation of the evaluation board along with sug
gestions on equipment to use and measurement limitations. 

Overview 
The AD 1324 is a high speed pin driver used in automatic test 
equipment 

The device has true differential inputs for both the drive and 
inhibit which can be driven from either TTL or ECL logic 
levels (ECL is recommended). Standard ECL design and layout 
techniques should be used. 

The device runs from dual power supplies + 10 V and - 5.2 V. 
It is very important that these power supplies are decoupled 
properly at the device pin. (High frequency oscillations will cou
ple through to the device output.) 

INHIBIT IN 

~--'------i 

V LOW 

DATA IN 

r 
NOTES: 

The reference input pins are dc inputs; therefore they also 
should be decoupled properly. The reference input range is 
-2Vto+7V. 

The output slew rate is 2 V Ins for large signals and has a repeti
tion rate for an ECL level of 200 MHz minimum. 

Equipment 
The Drive and Inhibit inputs should be driven with standard 
ECL levels. If the full performance of the AD1324 needs to be 
evaluated, the generator must be able to supply an ECL level at 
frequencies greater than 200 MHz. Motorola's MC10216 is used 
on the evaluation board to simulate the actual application. V BB 

is used on the MCI0216 as the logic reference and the outputs 
have 330 ohm pulldowns to VEE' 

Five power supplies are required: OUT_Vee, OUT SEE' 
VH1GH, VLQW and ECL_VEE. DUTSee requires +10 V at 
100 mA minimum; OUT_VEE requires -5.2 V at 100 rnA mini
mum; ECL_VEE requires -5.2 V at ISO rnA minimum. VH1GH 

and VLOW require -2 V to +7 V at 5 mA (each). 

INHIBIT 

INHIBI~COMP 1 
330 •• 

+lIss OUT_Vee 

-Vss OUT_VEE 

INH 

AD1324 iNti 
PIN 

DRIVER DRIVE 

DiiiVE 

VHIGH 

V H1GH 

330·4 

DA::R 
"HALF-MOON" CONNECTORS CAN BE CONNECTED OR DISCONNECTED AS REQUIRED ... 0 
DECOUPLING CAPS ARE NOT SHOWN ON THIS SCHEMATIC, BUT THE BOARD USES O.I"F AND 470pF CAPS 
TO DeCOUPLE THE Vee, VEE' VLOW AND VHIGH SUPPLIES. 
SMA CONNECTORS • 
PROBE JACKS ) 
BNC CONNECTORS Ii 

Figure 18. AD1324EB Evaluation Board Schematic 
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AD1324 
The output performance of the pin driver can only be measured 
properly with a scope which has the proper bandwidth for the 
required application. The input impedance and the bandwidth 
of the scope probe should be taken into consideration when 
evaluating the performance of the device. The resultant band
width of the system is the rms value of the components in the 
system. 

The Hewlett-Packard 54120 and 54110 were also evaluated with 
500 H, 1.2 pF passive probes and the Data Precision 6100 with 
their model 640 FET probe (50 k!l, 4 pF). When measuring the 
performance of waveforms close to or exceeding the bandwidth 
of a scope, it is not uncommon for the results between scopes to 
be different because of aberrations and slew rates. 

The characterizations performed by Analog Devices were per
formed using the following equipment: Tektronix 11402 main
frame (1 GHz BW), P6203 probe (1 GHz, 2 pF, 10 k!1), and 
llA7l plug-in (1 GHz BW, 50 !1). 

REV. 0 

PULSE 
GENERATORS 

(2) 

RANGE: 
-2VTO+7VAT 

DC POWER SUPPLIES (4) 

r-------~ r--------, 
RANGE: 

-2VTO +7VAT 

VOUT t.}---+---f-() 

CONNECTORS ON AD1324 EVALUATION BOARD: 

1. DC POWER SUPPLIES: FEMALE BANANA JACKS 
2. PULSE GENERATORS: FEMALE BNC CONNECTORS 
3. OSCILLOSCOPE: FEMALE PROBE SOCKET (TEKTRONIX pin: 131-0258-00) 

Figure 19. AD 1324EB Evaluation Board Connections 

RANGE: 
-O.2V NOMINAL 

RECOMMENDED 
BANDWIDTH: 

1GHz MINIMUM 

OSCILLOSCOPE 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
10ps Delay Resolution 
2.5ns to 10 .... s Full-Scale Range 
Fully Differential Inputs 
Separate Trigger and Reset Inputs 
Low Power Dissipation - 310mW 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
ATE 
Pulse Deskewing 
Arbitrary Waveform Generators 
High-Stability Timing Source 
Multiple Phase Clock Generators 

GENERAL DESCRIPTION 
The AD9500 is a digitally programmable delay generator, which 
provides programmed delays, selected through an 8-bit digital 
code, in resolutions as small as lOps. The AD9500 is constructed 
in a high-performance bipolar process, designed to provide 
high-speed operation for both digital and analog circuits. 

The AD9500 employs differential TRIGGER and RESET inputs 
which are designed primarily for ECL signal levels but function 
with analog and TTL input levels. An on-board ECL reference 
midpoint allows both of the inputs to be driven by either single 
ended or differential ECL circuits. The AD9500 output is a 
complementary ECL stage, which also provides a parallel QR 
output circuit to facilitate reset timing implementations. 

The digital control data is passed to the AD9500 through a 
transparent latch controlled by the LATCH ENABLE signal. In 
the transparent mode, the internal DAC of the AD9500 will 
attempt to follow changes at the inputs. The LATCH ENABLE 
is otherwise used to strobe the digital data into the AD9500 
latches. 

The AD9500 is available as an industrial temperature range 
device, - 25°C to + 85°C, and as an extended temperature range 
device, - 55°C to + 125°C. Both grades are packaged in a 24-pin 
ceramic "Skinny" DIP (0.3" package width), as well as 28-pin 
surface mount packages. The AD9500 is available in versions 
compliant with MIL-STD-883. Refer to the Analog Devices 
Military Products Databook or current AD9500/883B data sheet 
for detailed specifications. 
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AD9500 - SPECIFI CATIONS 
ABSOLUTE MAXIMUM RATINGS l 

Positive Supply Voltage (+ Vs) .... . 
Negative Supply Voltage (- Vs) .... . 
ECL COMMON to Ground Differential 
Digital Input Voltage Range ... 
Trigger/Reset Input Voltage Range 
TriggerlReset Differential Voltage 
Minimum RSET . . . . . . . . . . 
Digital Output Current (Q and Q) 
Digital Output Current (QR) ... 

Parameter 

RESOLUTION 

ACCURACY' 
Differential Linearity 
Integral Linearity 
Monotonicity 

DIGITAL INPUT 
Logic "I" Voltage 
Logic "0" Voltage 
Logic "I" Current 
Logic "0" Current 
Digital Input Capacitance 
Data Setup Time4 

Data Hold TimeS 
Latch Pulse Width (tLPw) 

RESETITRIGGER INPUTS6 

TRIGGER Input Voltage Range 
RESET Input Voltage Range 
Differential Switching Voltage 
Input Bias Current 

Input Resistance 
Input Capacitance 
Minimum Input Pulse Width 

tTPW, tRPW 

DYNAMIC PERFORMANCE7 

Maximum Trigger Rate 
Minimum Propagation Delay (tpo)s 
Minimum Propagation Delay TC 
Full-Scale Range TC9 

Delay Uncertainty (Jitter) 
Reset Propagation Delay (tRO)1O 
Reset-to-Trigger Holdoff (tTHO)ll 
Trigger-to-Reset Holdoff (tRHO)l2 

Minimum Output Pulse Width 
Output Rise Time7 

Output Fall Time7 

Delay Coefficient Settling Time (toAcl13 

Linear Ramp Settling Time (tLRs) 
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. . . . . . . +7V 

....... -7V 
- 2.0V to + S.OV 
- 3.SV to + S.OV 

Test 
Level 

I 
I 
I 

VI 
VI 
VI 
VI 
VI 
V 
V 
V 

IV 
IV 
IV 
I 
VI 
IV 
IV 

V 

IV 
I 
V 
V 
V 
I 
IV 
IV 
V 
I 
I 
V 
V 

:t S.OV 
. S.OV 
.2200 
30mA 

.2mA 

Temp 

+25°C 
+25°C 
+2SoC 

Full 
Full 
Full 
Full 
+25°C 
+25°C 
+25°C 
+2SoC 

Full 
Full 
Full 
+2SoC 
Full 
+2SoC 
+2SoC 

+25°C 

+2SoC 
+2SOC 
Full 
Full 
+ 25°C 
+2SoC 
+2SoC 
+ 25°C 
+ 25°C 
+25°C 
+25°C 
+2SoC 
+25°C 

Offset Adjust Current (Sinking) . 
Operating Temperature Range 

AD9S00BP/BQ . . . . . . 
AD9S00TEITQ . . . . . . 

Storage Temperature Range . 
Junction Temperature . . .. 
Lead Soldering Temperature (IOsec) 

....... 4mA 

- 25°C to + 85°C 
- 55°C to + 125°C 
- 65°C to + 150°C 

+ 175°C 
. . . .. +300°C 

-25°C to +85°C -55°C to +125°C 
AD9500BPIBQ AD9500TElTQ 

Min Typ Max Min Typ Max Units 

8 8 Bits 

0.5 0.5 LSB 
1.0 1.0 LSB 

Guaranteed Guaranteed 

2.0 2.0 V 
0.8 0.8 V 
5 5 f1A 
5 5 f1A 
5.5 5.5 pF 

0.4 0.75 0.4 0.75 ns 
0.4 0.75 0.4 0.75 ns 

3.0 3.Q ns 

-2.5; 4.5 -2.5; 4.5 V 
-2.5; 2.0 -2.5; 2.0 V 

40 300 40 300 mV 
40 50 40 50 f1A 

75 75 f1A 
4 4 kO 
6.S 7.25 6.5 7.25 pF 

2.0 2.0 ns 

60 60 MHz 
5.4 6.4 7.4 5.4 6.4 7.4 ns 

7.5 7.5 ps/°C 
0.5 0.5 ps/°C 
10 10 ps 

5.4 6.4 7.4 5.4 6.4 7.4 ns 
0.2 0 0.2 0 ns 
2.0 1.5 2.0 1.5 ns 

3.3 3.3 ns 
2.0 2.0 ns 
2.0 2.0 ns 

29 29 ns 
22 22 ns 
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Test 
Parameter Level Temp 

SUPPORT FUNCTIONS 
ECLREF IV + 25°C 
ECLREF Voltage Drift'" V Full 
Offset Adjust Range V Full 

DIGITAL OUTPUTS7 

Logic "1" Voltage VI Full 
Logic "0" Voltage VI Full 

POWER SUPPLY's 
Positive Supply Current (+5.0V) I +25°C 

VI Full 
Negative Supply Current (-5.2V) I + 25°C 

VI Full 
Nominal Power Dissipation V +25°C 
Power Supply Rejection Ratio'6 

Full-Scale Range Sensitivity I +25°C 
Minimum Propagation Delay 

Sensitivity I +25°C 

NOTES 
lAbsolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

'Typical thennal impedance 
24-PinCeramic DIA = 56'CIW; DIC = 16'CIW 
28-Pin PLCC (Plastic) alA = 6O'CIW; Dlc = 22'CIW 
28-PinCeramic LCC alA = 69'CIW; alC = 25'CIW 

'RsET = IOkn (Full-scale delay = lOOns). 
"The digital data inputs must remain stable for the specified time prior to 
the LATCH ENABLE signal. 

5The digital data inputs must remain stable for the specified time after the 
LATCH ENABLE signal. 

"The TRIGGER and RESET inputs are differential and must be driven 
relative [0 one another. Both of these inputs are EeL compatible, but 
can also be used with TTL logic families in a limited fashion. 

'Outputs terminated through son resistors to - 2.0V. 

AD9500 
-25°C to +85°C -55°C to +125°C 
AD9500BPIBQ AD9500TEfI'Q 

Min Typ Max Min Typ Max Units 

-1.4 -1.3 -1.2 -1.4 -1.3 -1.2 V 
1.1 1.1 mvrc 
-2 -2 mA 

-1.1 -1.1 V 
-1.5 -1.5 V 

24 28 24 28 rnA 
30 30 mA 

37 42 37 42 rnA 
44 44 rnA 

312 312 mW 

70 300 70 300 psN 

150 500 150 500 psN 

'Program Delay = O.Ops (Digital Data = OOH)' In Operation, any 
programmed delays are in addition to the Minimum Propagation Delay. 

'Change in total delay through AD9Soo, exclusive of changes in minimum
propagation delay tpo. 

IOMeasured from the 50% transition point of the reset signal input, to the 
50% transition point of the resetting output. 

II Minimum time from falling edge of RESET to triggering input, to insure a 
valid output event. 

12 Minimum time from triggering event to rising edge of RESET , to insure a 
valid output event. 

"Measured from the LATCH ENABLE input to the point when the 
AD9500 becomes 8-bit accurate again, after a full-scale change in 
tbe programmed delay. 

"Standard 10K and IOKH ECL families operate with a 1.ImVrC 
drift by design. 

I 'Supply voltages should remain stable within ± 5% for normal operation. 
"Measured at ±5%of - Vsand + Vs. 
Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 

Test Level 
I 100% production tested. 

REV. A 

II - 100% production tested at + 25°C, and sample tested at 
specified temperatures. 

III - Periodically sample tested. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 

VI - All devices are 100010 production tested at + 25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commerciaVindustrial devices. 
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AD9500 
ORDERING INFORMATION 

Pacbce 
Model Temperature Rauge Description Options· 

AD9S00BP - 2S"C to + 8S"C 28-PinPLCC (Plastic), Industrial Temperature P-28A 
AD9S00BQ - 2S"C to + 8S"C 24-Pin "Skinny" DIP, Industrial Temperature Q-28 
AD9S00TE - SS"C to + 12S"C 28-Pin LCC, Extended Temperature E-28A 
AD9S00TQ - SS"C to + 12S"C 24-Pin "Skinny" DIP, Extended Temperature Q-28 

*E = Leadless Ceramic Chip Carrier; p = Plastic Leaded ChipCarrier; Q = Ccrdip. For outliDe iDformationsee Package Information section. 

OFFSET ADJUST 

Cs 

+Vs 
TRIGGER 

TRIGGER 

RESET 

Q 

ECLCOMMON 

-Vs 
Rs 

GROUND 
LATCH ENABLE 

Do (LSB) 

FUNCTIONAL DESCRIPTION 

DESCRIPTION 

- One of eight digital inputs used to set the programmed delay. 
- One of eight digital inputs used to set the programmed delay. D7 (MSB) is the most significant bit of 

the digital input word. 
- ECL midpoint reference, nominally -1.3V. Use of the ECLREF, allows either of the TRIGGER or 

the RESET inputs to be configured for single-ended ECL inputs. 
- The OFFSET ADJUST is used to adjust the minimum propagation delay (tpo), by pulling or 

pushing a small current out of or into the pin. 
- Cs allows the full-scale range to be extended by using an external timing capacitor. The value of 

CEXT, connected between Cs and + Vs, may range from no external capacitance to O.IILF +. 
See Rs (CINTERNAL = IOpF). 

- Positive supply terminal, nominally +S.OV. 
- Noninverted input of the edge-sensitive differential trigger input stage. The output at Q will be 

delayed by the programmed delay, after the triggering event. The programmed delay is set by the 
digital input word. The TRIGGER input must be driven in conjunction with the TRIGGER input. 

- Inverted input of the edge-sensitive differential trigger input stage. The output at Q will be delayed 
by the programmed delay, after the triggering event. The programmed delay is set by the digital 
input word. The TRIGGER input must be driven in conjunction with the TRIGGER input. 

- Inverted input of the level-sensitive differential reset input stage. The output at Q will be reset 
after a signal is received at the reset inputs. In the "minimum configuration," the minimum output 
pulse width will be equal to the "reset propagation delay," tRD. The RESET input must be driven in 
conjunction with the RESET input. 

- Noninverted input of the level-sensitive differential reset input stage. The output at Q will be reset 
after a signal is received at the reset inputs. In the "minimum configuration," the minimum output 
pulse width will be equal to the "reset propagation delay," tRD. The RESET input must be 
driven in conjunction with the RESET input. 

- One of two complementary ECL outputs. A "triggering" event at the inputs will produce a logic 
HIGH on the Q output. A "resetting" event at the inputs will produce a logic LOW on the 
Q output 

- One of two complementary ECL outputs. A "triggering" event at the inputs will produce a logic 
LOW on the Q output. A "resetting" event at the inputs will produce a logic HIGH on the 
Q output. 

- <lR output is parallel to the Q output. The Qa output is typically used to drive delaying circuits 
for extending output pulse widths. A "triggering" event at the inputs will produce a logic 
LOW on the Qa output. A "resetting" event at the inputs will produce a logic HIGH on the 
Qa output. 

- The collector common for the ECL output stage. The collector common may be tied to + S.OV, 
but norma1ly it is tied to the circuit ground for standard ECL outputs. 

- Negative supply terminal, nominally -S.2V. 
- Rs is the reference current setting terminal. An external setting resistor, RsBT, connected between 

Rs and - V s determines the interna1 reference current. See Cs (2S00sRsETsSOkO). 
- The ground return for the TTL and analog inputs. 
- Transparent TTL latch control line. A logic HIGH on the LATCH ENABLE freezes the digital 

code at the logic inputs. A logic LOW on the LATCH ENABLE allows the internal current levels to 
be continuously updated through the logic inputs Do thru D7. 

- One of eight digital inputs used to set the programmed delay. Do (LSB) is the least significant bit of 
the digital input word. 

- One of eight digital inputs used to set the programmed delay. 
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MECHANICAL INFORMATION 

Die Dimensions _ 
Pad Dimensions . 
Metalization • . . 
Backing •.... 
Substrate Potential 
Passivation 
Die Attach 
Bond Wire 

104 x 103 x 18 (max) mils 
. . . . 4 x 4 (min)mils 

· Aluminum 
· .. None 
· ... -Vs 
· Oxynitride 

Gold Eutectic 
1.25 mil, Aluminum; Ultrasonic Bonding 

or lmil, Gold; Gold Ball Bonding 
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AD9500 
Input/Output Circuits 

Do-D7 
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LATCH 
ENABLE 
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INSIDE THE AD9500 
The heart of the AD9500 is the linear ramp generator. A triggering 
event at the input of the AD9500 initiates the ramp cycle. As 
the ramp voltage falls, it will eventualy go below the threshold 
set up by the internal DAC (digital-to-analog converter). A 
comparator monitors both the linear ramp voltage and the DAC 
threshold level. The output of the comparator serves as the 
output for the AD9500, and the interval from the trigger until 
the output switches is the total delay time of the AD9500. 

The total delay through the AD9500 is made up of two components. 
The first is the full-scale programmed delay, tD (max), determined 
by RSET and CEXT' The second component of the total delay is 
the minimum propagation delay through the AD9500 (tPD). The 
full-scale delay is variable from 2.5ns to greater than Ims. The 
internal DAC is capable of generating 256 separate programmed 
delays within the full-scale range (this gives lOps increments for 
a 2.5ns full-scale setting). 

The actual programmed delay is directly related to both the 
digital control data (digital data to the internal DAC) and the 
RC time constant established by RSET and CEXT. The specific 
relationship is as follows: 

Total Delay 

100ns 

10n5 
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/ 
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/ ," 
100 

Minimum Propagation Delay + 
Programmed Delay 
tpD + (digital value/256) RSET (CEXT + IOpF) 
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N 
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Typical Programmed Delay Ranges 

The internal DAC determines the programmed delay by way of 
the threshold level at its output. The LATCH ENABLE control 
for the on-board latch is active (latches) logic "HIGH". In the 
logic "LOW" state, the latch is transparent, and the internal 
DAC will attempt to follow changes at the digital data inputs. 
Both the LATCH ENABLE control and the data inputs are 
TTL compatible. The internal DAC may be updated at any 
time, but full timing accuracy may not be attained unless triggering 
events are held off until after the DAC settling time (tDAd. 
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Internal Timing Diagram 

On resetting, the ramp voltage held in the timing capacitor 
(CEXT + IOpF) is discharged. The AD9500 discharges the bulk 
of the ramp voltage very quickly, but to maintain absolute accuracy, 
subsequent triggering events should be held off until after the 
linear ramp settling time (tLRS)' Applications which employ 
high frequency triggering at a constant rate will not be affected 
by the slight settling errors since they will be constant for fixed 
reset-to-trigger cycles. 

The RESET and TRIGGER inputs of the AD9500 are differential 
and must be driven relative to one another. Accordingly, the 
TRIGGER and RESET inputs are ideally suited for analog or 
complementary input signals. Single-ended ECL input signals 
can be accommodated by using the ECL midpoint reference 
(ECLREP) to drive one side of the differential inputs. 

The output of the AD9500 consists of both Q and Q driver 
stages, as well as the QR output which is used primarily for 
extending the output pulse width. In the most direct reset con
figuration, either the Q or the Q output is tied to the respective 
RESET input. This generates a delayed output pulse with a 
duration equal to the reset delay time (tRD) of approximately 
6ns. Note that the reset delay time (tRD) becomes extended for 
very small programmed delay settings. The duration of the 
output pulse can be extended by driving the reset inputs with 
the QR output through an RC network (see "Extended Output 
Pulse Width" application). Using the QR output to drive the 
reset circuit avoids loading the Q or Q outputs. 

Values in the specification table are based on 5ns FSR test 
conditions. Nearly all dynamic specifications degrade for longer 
full-scales. For details of performance change, request the appli
cation note "Using Digitally Programmable Delay Generators." 
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AD9500 
APPLICATIONS 
The AD9S00 is a very versatile device, but at tbe same time it 
is not difficult to use. Essentially tbere are only a few basic ' 
configurations which can be extended into a number of applica
tions. The TRIGGER and RESET inputs of tbe A09S00 can be 
treated as single ended, or as differential, which allows tbe 
AD9S00 to operate witb a wide range of signal sources. The 
output pulse from tbe A09S00 can be reset in one of two ways, 
eitber immediately by driving tbe RESET inputs witb tbe output 
itself, or in a delayed mode. 

MINIMUM CONFIGURATION 
The minimum configuration uses only one of tbe TRIGGER 
inputs. The otber is connected to tbe ECL reference midpoint, 
ECLREF• This allows tbe A09S00 to be triggered witb standard 
10K or IOKH ECL signals. Once a triggering event occurs, tbe 
Q output will go into tbe logic HIGH state, and tbe Q output 
will go into tbe logic LOW state after tbe programmed delay. 
The Q output is then used to drive tbe RESET input, causing 
tbe A09S00 to reset itself. The resnlt is a delayed output pnlse 
which is only as wide as tbe reset propagation delay (tRD). 

+s.ov 

.1...,. 
LATCH ENABLE 

+&.ov 

-&.2V 

ECLGROUND 

t-=-___ ~D 

50 

50 

Single Input- Minimum Timing Configuration 

EXTENDED OUTPUT PULSE WIDTHS 
The extended pulse configuration is similar to tbe minimum 
configuration. The difference here is that tbe output pnlse widtb 
has been extended. Operation is identical in terms of triggering 
tbe AD9S00; tbe functional difference is in tbe resetting circuit. 
In tbis Case tbe QR output is used to drive tbe RESET input 
tbrough a resistor/capacitor charging network. The charging 
network will cause tbe signal at tbe RESET input to fall more 
slowly, which will extend tbe output pulse widtb. An added 
benefit of the ~tended pulse widtb configurations is that botb 
tbe Q and tbe Q outputs are completely free for otber uses. Q 
has limited current drive; tbe minimum resistance for RD shonld 
be 4kfl. 
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Extended Output Pulse Width Configuration 

MULTICHANNEL DESKEWING 
Perhaps the most appropriate use of tbe A09S00 is in mnltiple 
delay matching applications. Slight differences in impedance 
and cable length can create large timing skews witbin a high-speed 
system. Much of tbis skew can be eliminated by running each 
signal tbrough an AD9S00. Witb one line used as a standard, 
tbe programmed delays of tbe otber AD9S00s are adjusted to 
eliminate tbe timing skews. Witb tbe very fm~timing adjustments 
possible from tbe AD9S00 (as sma1l as lOps), nearly any high-speed 
system shonld be able to automatically adjust itself to extremely 
tight to1erances. 

Multiple Delay Matching 

MEASURING UNKNOWN DELAYS 
Two AD9S00s can be combined to measure delays witb a high 
degree of precision. One AD9S00 is set witb little or DO pr0-

grammed delay, and its output is used to drive the unknown 
delay circuit, which in turn drives tbe input of a "0" type 

flipflop. The second AD9500 is triggered along witb the first, 
and its output provides a clocking signal for the flipflop. The 
programmed delay of the second AD9500 is tben varied to 
detect the output edge from. the unknown delay circuit. 
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Detecting the output edge is relatively straightforward. If the 
programmed delay through the second AD9500 is too long, the 
flipflop output will be at logic HIGH. If, on the other hand, the 
programmed delay through the second AD9500 is too shon, the 
flipflop output will be at logic LOW. When the programmed 
delay is properly adjusted, the flipflop willlike1y bounce between 
logic HIGH and logic LOW. The digital code value used to 
create the second programmed delay is a direct indication of the 
delay through the unknown circuit. The most accurate results 
can only be attained by calibrating the system without the unknown 
delay circuit in place. 

Measuring Unknown Delays 

MEASURING !DGH-SPEED AC WAVEFORMS 
The same circuiuy used to measure unknown delays can be 
extended to measure the time response of high-speed ac waveforms. 
With the addition of a digital-to-analog converter and an analog 
comparator, the circuit functions very much like the previous 
application. The DAC sets a threshold level which drives one of 
the differential comparator inputs. The other comparator input 
is driven by the device under test (DUT). The output of the 
first AD9500 causes the DUT to produce an output. The second 
AD9500, which is also triggered along with the first AD9500, 
strobes the comparator latch enable. 

If the DUT output is grester than the DAC threshold when the 
comparator is latched, the comparator output will be at logic 
HIGH. If the output is below the DAC threshold, the comparator 
will be at logic LOW. The programmed delay setting of the 
second AD9500 is adjusted to the point where the DUT output 
equals the DAC threshold. By varying the DAC threshold level 
and adjusting the second AD9500 programmed delay, a point 
by point reconstruction of the ac waveform can be created. 

Measuring AC Waveforms 
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AD9500 
PROGRAMMABLE OSCILLATOR 
Another interesting use of the AD9500 is in a digitally pr0-

grammable oscillator. The highly accurate delays generated by 
the AD9500 can be exploited to create a ring oscillator with 
variable duty cycle. The delayed output of the fust AD9S00 is 
used to drive the TRIGGER input of the second AD9500. The 
output of the second AD9500, in turn, is used to drive the 
TRIGGER input of the first AD9500. Together the two devices 
will alternately trigger each other creating two pulse chains on 
the outputs. 

The total delay through both AD9500s combined, determines 
the period of the oscil1ation frequency. The duty cycle can be 
controlled by using the outputs to drive the SET and RESET 
inputs of a flipflop. The total delay through the first AD9500 
will control the flipflop logic LOW output pulse width, and the 
second AD9500 will control the flipflop logic HIGH output 
pulse width. 

Ring Oscillator 

LAYOUT CONSIDERATIONS 
The AD9500 is a precision timing device, and as such high
frequency design techniques must be employed to achieve the 
best performance. The use of a low impedance ground plane is 
particularly important. Ideally the ground plane should be on 
the component side of the layout and extend under the AD9500, 
to shield it from system timing signals. Sockets pose a special 
problem for a circuit like the AD9500 because of the additional 
inter-lead capacitance they create. If sockets must be used, pin 
sockets are generally preferred. Power supply decoupling is also 
critical to a high-speed design; a O.ljl-F ceramic capacitor and a 
O.Oljl-F mica capacitor for both power supplies should be very 
effective. DAC threshold stability can be improved by decoupling 
the OFFSET ADJUST pin to + 5.0V (note that this will lengthen 
the DAC settling time, tDAc). 
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AD9500 
DELAY OFFSET ADJUSTMENTS 
As the full-scale delay is increased, a component of the minimum 
propagation delay also increases. This is caused by the additional 
time required by the ramp (now with a much "flatter" slope) to 
fall below the DAC threshold corresponding to the minimum 
propagation delay (tPD). One means of decreasing the minimum 
propagation delay (when the full-scale delay, set by RsBT and 
CEXT is large) is to offset the internal DAC threshold toward the 
initial ramp levels, thus reducing the time for the internal ramp 
to cross the threshold once the AD9500 is triggered. 

+10V 

-v 

CURRENT INTO THE OFFSET ADJUST 
PIN DECREASES THE MINIMUM 
PROPAGATION DELAY Itt-D) 

OFfSET 
ADJUST AD9500 

CURRENT OUT OF THE OFFSET ADJUST 
PIN INCREASES THE MINIMUM 
PROPAGATION DELAY ItPD} 

The Offset Adjust Pin Can Be Used to Match Several 
AD9500s 

. The DAC levels are offset toward the initial ramp level by injecting 
a sma1l current into the offset adjust pin. Note, however, that 
the ramp start -up region is less linear than the later portions of 
the ramp, which is the primary reason for the built-in offset. If 
the minimum propagation delay is kept above 5ns (the linear 
portion of the ramp), no significant degradation in linearity 
should result. This concept can be extended to match the actual 
propagation delays of several AD9500s, by injecting or sinking a 
sma1l current «2mA) into or out of each of the OFFSET ADJUST 
pins. 
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GENERAL PERFORMANCE ENCHANCEMENTS 
High-speed operation is generally more consistent if CEXT is 
kept small (Le., no external capacitor) to maintain sma1l discharge 
time constants. Integral linearity , however, benefits from larger 
values of CEXT by buffering sma1l system spikes and surges. 
Another means of improving integral linearity is to draw a small 
current (=200fJA) out of the OFFSET ADJUST pin with a 
47kn pull-down resistor. This has the effect of moving the 
internal DAC reference levels into a relatively more linear region 
of the ramp. This technique is generally only useful for sma1l 
full-scale delay configurations. Its use with larger full-scale 
delays will extend the minimum propagation delay (tPD). A pull
up resistor to + 5.0V creates the opposite effect by reducing the 
minimum propagation delay (tpo) at the expense of increased 
reset propagation delay (tRD) and degraded linearity (see OFFSET 
matching circuit). 

An external DAC can be used with the AD9500 for increased 
resolution and higher update rates. For the most part, a standard 
ECL DAC, operating between +,5.0V and ground, should work 
with the AD9500. The output of the external DAC must be 
connected to the OFFSET ADJUST pin of the AD9500 with 
the internal DAC turned off (Do' thru D7 at logic LOW). For 
normal operation, the external DAC output should range from 
OmA to - 2mA (sinking). 

+5V +10V +5.0V 

AD9500 

r'",ou,,-, _..q OFFSET ADJUST 

DIGITAL DATA 

Operation with External DAC 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Single +5 V Supply 
TTL and CMOS Compatible 
10 ps Delay Resolution 
2.5 ns to 10,..s Full-Scale Range 
Maximum Trigger Rate 50 MHz 
MIL-STD-883-Compliant Versions Available 

APPLICATIONS 
Disk Drive Deskewing 
Data Communications 
Test Equipment 
Radar I & a Matching 

GENERAL DESCRIPTION 
The AD9501 is a digitally programmable delay generator which 
provides programmed time delays of an input pulse. Operating 
from a single +5 V supply, the AD9501 is TTL- or CMOS
compatible, and is capable of providing accurate timing adjust
ments with resolutions as low as 10 ps. Its accuracy and 
programmability make it ideal for use in data deskewing and 
pulse delay applications, as well as clock timing adjustments. 

Full-scale delay range is set by the combination of an external 
resistor and capacitor, and can range from 2.5 ns to 10 fJ-S for a 
single AD9501. An eight-bit digital word selects a time delay 

REV. A 

TRIGGER 3 

Digitally Programmable 
Delay Generator 

AD9501 I 
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AD9501 

within the full-scale range. When triggered by the rising edge of 
an input pulse, the output of the AD9501 will be delayed by an 
amount equal to the selected time delay (tD ) plus an inherent 
propagation delay (tPD)' 

The AD950 I is available for a commercial temperature range of 
O°C to +70°C in a 20-pin plastic DIP, 20-pin ceramic DIP, and 
a 20-lead plastic leaded'chip carrier (PLCC). Devices fully com
pliant to MIL-STD-883 are available in ceramic DIPs. Refer 
to the Analog Devices Military Products Databook or current 
AD9501/883B data sheet for detailed specifications. 
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AD9501-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS l 

Positive Supply Voltage ...•.................. +7 V 
Digital Input Voltage Range .. : .......... -0.5 V to +Vs 
TriggerlReset Input Volt. Range ....•..•.. -0.5 V to +Vs 
Minimum RSET ..........•................. 30 n 
Digital Output Current (Sourcing) .............. 10 rnA 
Digital Output Current (Sinking) ..........•.... 50 rnA 

Operating Temperature Range 
AD950ljN/JP/JQ .........••... ' ..... OOC to +700c 
AD9501SQ ....................• -55·C to + 125·C 

Storage Temperature Range •••........ -65·C to + 1500C 
Junction Temperature2 ..................... + 175·C 
Lead Soldering Temperature (10 sec) •...•....... +300OC 

ELECTRICAL CHARACTERISTICS 
l+Vs=+5 v; CEXT=Open; RsET =3090 0 (Full-scale range=100 ns); Pin 8 grounded; 
and device output connected to Pin 4 RESET input unless otherwise rioted] 

OOC to +700C -55OC to +l25OC 
Test AD9501JN/JPIJQ AD9S01SQ 

Parameter Temp Level Min Typ Max Min Typ Max Units 

RESOLUTION 8 8 Bits 

ACCURACY 
Differential Nonlinearity +25OC I 0.5 0.5 LSB 
Integral Nonlinearity +25OC I 1 1 LSB 
Monotonicity +25OC I Guaranteed Guaranteed 

DIGITAL INPUTS 
Latch Input "1" Voltage Full VI 2.0 2.3 V 
Latch Input "0" Voltage Full VI 0.8 0.8 V 
Logic "1" Voltage Full VI 2.0 2.0 V 
Logic "0" Voltage Full VI 0.8 0.8 V 
Logic "1" Current Full VI 60 60 ""A 
Logic "0" Current Full VI 3 3 ""A 
Digital Input Capacitance +25·C IV 5.5 5.5 pF 
Data Setup Time (ts)' +25·C V 2.5 2.5 ns 
Data Hold Time (tH / + 25·C V 2.5 2.5 ns 
Latch Pulse Width (tL) +25·C V 3.5 3.5 ns 
ResetlTrigger Pulse Width (tR, tT ) + 25·C V 2 2 ns 

DYNANUCPERFORMANCE 
Maximum Trigger RateS +25·C IV 18 22 18 22 MHz 
Minimum Propagation Delay (tPD)6 +25·C I 25 30 25 30 ns 
Propagation Delay Tempc07 Full V 25 25 psIOC 
Full-Scale Range Tempco Full V 36 36 psIOC 
Delay Uncertainty +25·C V 53 53 ps 
Reset Propagation Delay (tRD)8 + 25·C I 14.5 17.5 14.5 17.5 ns 
Reset-to-Trigger Holdoff (tTHO)9 +25·C V 4.5 4.5 ns 
Trigger-to-Reset Holdoff (tRHO)lO + 25·C V 19 19 ns 
Minimum Output Pulse Widthll + 25·C V 7.5 7.5 ns 
Output Rise Timel2 + 25·C I 2.3 3.5 2.3 3.5 ns 
Output Fall Timel2 + 25·C I 1.0 2.0 1.0 2.0 ns 
DAC Settling Time (tLD)13 + 25·C V 30 30 ns 
Linear Ramp Settling Time (tLRS)l4 + 25·C V 20 20 ns 

DIGITAL OUTPUT 
Logic "1" Voltage (Source 1 rnA) Full VI 2.4 2.4 V 
Logic "0" Voltage (Sink 4 rnA) Full VI 0.24 0.4 0.24 0.5 V 

POWER SUPPLyl' 
Positive Supply Current (+5.0 V) Full VI 69.5 83 69.5 83 rnA 
Power Dissipation Full VI 415 415 mW 
Power Supply Rejection Ratiol6 

Full-Scale Range Sensitivity +25OC I 0.7 2.0 0.7 2.0 nsIV 
Minimum Prop Delay Sensitivity +25OC I 0.45 1.7 0.45 1.7 ns/V 
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AD9501 
NOTES 

I Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional oper
ability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances: 20-lead plastic leaded chip carrier 6)A=73'C/W; 6)c=29"CIW. 20-pin ceramic DIP 6)A=65'C/W; 6)c=20'CIW. 
20-pin plastic DIP 6)A =65'C/W; 6)c=26'CIW. 

'Digital data inputs must remain stable for the specified time prior to the positive transition of the LATCH signal. 
'Digital data inputs must remain stable for the specified time after the positive transition of the LATCH signal. 
'Programmed delay (to)=O ns. Maximum self-resetting trigger rate is limited to 6.9 MHz with 100 ns programmed delay. If to=O ns and external RESET sig
nal is used, maximum trigger rate is 23 MHz. 

-Programmed delay (to)=O ns. In operation, any progranuned delays are in addition to the minimum propagation delay (tpo). 
'Progranuned delay (to)=O ns. [Minimum propagation delay (tpo)] 

'Measured from 50% transition point of the RESET signal input to the 50% transition point of the falling edge of the output. 
'Minimum time from the falling edge of RESET to the triggering input to insure valid output pulse, using external RESET pulse. 

lOMinimum time from triggering event to rising edge of RESET to insure valid output event, using external RESET pulse. Extends to 125 ns when programmed 
delay is 100 ns. 

"When self-resetting with a full-scale programmed delay. 
"Measured from +0.4 V to +2.4 V; source = I mA; sink = 4 mAo 
"Measured from the data input to the time when the AD9501 becomes 8-bit accurate, after a full-scale change in the program delay data word. 
"Measured from the RESET input to the time when the AD9S01 becomes 8-bit accurate, after a full-scale programmed delay. 
"Supply voltage should remain stable within ±S% for normal operation. 
16Measured at +Vs = +5.0 V ±5%; specification shown is for worst case. 

Specifications subject to change without notice. 
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EXPLANATION OF TEST LEVELS 

Test Level 
I 100% production tested. 

II 100% production tested at +25"C, and sample tested at 
specified temperatures. 

III Sample tested only. 

IV Parameter is guaranteed by design and characterization 
testing. 

V Parameter is a typical value only. 

VI All devices are 100% production tested at + 25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at temp
erature extremes for commerciaIJindustriaI devices. 

ORDERING GUIDE 

Package 
Device Temperature Description Option· 

AD950lJN O'C to +70'C 20-Pin Plastic DIP N-20 
AD9501JP O'C to +70'C 20-Lead PLCC P-20A 
AD9501JQ O'C to +70'C 20-Pin Ceramic DIP Q-20 
AD9501SQ - 55'C to +125'C 20-Pin Ceramic DIP Q-20 

ON = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip. For out
line information see Package Information section. 
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AD9501 
DIE LAYOUT AND MECHANICAL INFORMATION 

Pin No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12-19 

20 

OO-D7 
LATCH 

TRIGGER 
RESET 

d d d 

I I I 
II\1II'. • • 

Name 

+Vs 

LATCH 

TRIGGER 

RESET 

DACOUTPUT 

CEXT 

RSET 

OFFSET ADJUST 

GROUND 

OUTPUT 

+Vs 

Do-D7 

GROUND 

+Vs 
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Die Dimensions ............... 89 x 153 x IS (±2) mils 
Pad Dimensions ........................ .4 x 4 mils 
Metalization ........................... Aluminum 
Backing ................................. None 
Substrate Potential ......................... Ground 
Passivation ............................ Oxynitride 
Die Attach .......................... Gold Eutectic 
Bond Wire ........ 1.25 mil, Aluminum; Ultrasonic Bonding 

. or I mil, Gold; Gold Ball Bonding 

AD9501 PIN DESCRIPTIONS 

Function 

Positive voltage supply; nominally + 5 V. 

TTUCMOS register control line. Logic HIGH latches input data Do-D7' Register is transparent 
for logic LOW. 

TTUCMOS-compatible input. Rising edge triggers the internal ramp generator, and begins the 
delay cycle. 

TTUCMOS-compatible input. Logic HIGH resets the ramp voltage and OUTPUT. 

Output voltage of the internal digital-to-analog converter. 

Optional external capacitor connected to + V s; used with RSET and 8.5 pF internal capacitor to 
determine full-scale delay range (tDPS)' 

External resistor to ground, used to detertnine full-scale delay range (tDPS)' 

Normally connected to GROUND. Can be used to adjust minimum propagation delay (tPD); see 
Theory of Operation text. 

Circuit ground return. 

TTL-compatible delayed output pulse. 

Positive voltage supply; nominally +5 V. 

TTUCMOS-compatible inputs, used to set the programmed delay of the AD9501 delayed output. 
Do is LSB and D7 is MSB. 

Circuit ground return. 

+V. 

+V. 

1280 

OUTPUT 

AD9501 Equivalent Circuits 
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THEORY OF OPERATION 
The AD9501 is a digitally programmable delay device. Its 
function is to provide a precise incremental delay between 
input and output, proportional to an 8-bit digital word applied 
to its delay control port. Incremental delay resolution is 10 ps at 
the minimum full-scale range of 2.5 ns. Digital delay data 
inputs, latch, trigger and reset are all TTUCMOS-compatible. 
Output is TTL-compatible. 

Refer to the block diagram of the AD9501. 

Inside the unit, there are three main subcircuits: a linear ramp 
generator, an 8-bit digital-to-analog converter (DAC) and a volt
age comparator. The rising edge of the input (TRIGGER) pulse 
initiates the delay cycle by triggering the ramp generator. The 
voltage comparator monitors the ramp voltage and switches the 
delayed output (Pin 10) HIGH when the ramp voltage crosses 
the threshold set by the DAC output voltage. The DAC thresh
old voltage is programmed by the user with digital inputs. 

TRIGGER f\ 
DELAYED OUTPUT 

RESET 

TRIGGER RAMP 
CIRCUIT GEN. 
DELAY DELAY 

AD9501 
Figure 1, the AD9501 Internal Timing diagram, illustrates in 
detail how the delay is determined. Minimum Delay (tpo) is the 
sum of Trigger Circuit delay, Ramp Generator delay, and Com
parator delay. 

The Trigger Circuit delay and Comparator delay are fixed; 
Ramp Generator delay is a variable affected by the rate of 
change of the linear ramp and (to a lesser degree) the value of 
the offset voltage described below. 

Maximum Delay is the sum of Minimum Delay (tpo) and Full
Scale Program Delay (tops). 

Ramp Generator delay is the time required for the ramp to slew 
from its reset voltage to the most positive DAC reference voltage 
(OOH)' T!le difference in these two voltages is nominally 18 m V 
(with OFFSET ADJUST open) or 34 mV (OFFSET ADJUST 
grounded). 

- ~IOMPARATOR 
DELAY 

-'/ 

-
I-RESET PROP 

DELAY("DI 

UNEARRAM P 

ME r\ iSETIUNG TI 
(tLRsl 

PROGRAMMED 

REV. A 

DAC REFERENCE 
(OOHI 

PROGRAMMED 
DAC THRESHOLD 

(XXHI 

DAC REFERENCE 
(FFHI 

DELAY 

~ (tD) 

I~ bL~ RAMP GEN. I I ""'-
DELAY -- i--' 

PROGRAMM~",==-

~ DELAY (tDI .-=;, 
I FU::-E~~LEI 

--j ~ RANGE '=-~ 
FULL-SCALE DELAY RANGE 

TRIGGER 
INPUT 

ItDFS) 

fV' 

~ 
.I~ 

MINIMUM PROPAGATION DELAV = (tPDI = TRIGGER CIRCUIT DELAY + RAMP GENERATOR DELAY + COMPARATOR DELAY 

MAXIMUM PROPAGATION DElAY = MINIMUM PROPAGATION DELAY!tPDI + FUU·SCALE DELAY RANGE ItDl'sl 

PROGRAMMED DELAY ltol = (DJGIT:;ALUE) RSET (CUT + 8.5pFI (3.84) 

TOTAL DELAV = (tI'()l + ItDI 

AD9501 TESTED WITH CEXT = 0 pF; RS!T = 3.09 kU (100 ns PROGRAMMED DELAY) 

Figure 1. AD9501 Internal Timing 
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AD9501 
Offset between the two levels is necessary for three reasons. 
First, offset allows the ramp to reset and settle without re
entering the voltage range of the DAC. Second, the DAC may 
overshoot as it switches to its most positive value (OOH); this 
could lead to false output pulses if there were no offset between 
the ramp reset voltage and the upper reference. Overshoot on 
the ramp could also lead to false outputs without the offset. 
Finally, the ramp is slightly nonlinear for a short interval when 
it is first started; the offset shifts the most positive DAC level 
below this nonlinear region and maintains ramp linearity for 
short programmed delay settings. 

Pin 8 of the AD9501 is called OFFSET ADJUST (see block 
diagram) and allows the user to control the amount of offset sep
arating the initial ramp voltage and the most positive DAC ref
erence. This, in turn, causes the Ramp Generator delay to vary. 

Figure 2 shows differences in timing which occur if OFFSET 
ADJUST Pin 8 is grounded or open. The variable Ramp Gener
ator delay is the major component of the three components 
which comprise Minimum Delay (tPD) and, therefore, is 
affected by the connection to Pin 8. 

It is preferable to ground Pin 8 because the smaller offset that 
results from leaving it open increases the possibility of false out
put pulses. When grounding the pin, it should be grounded 

70 
I I 

CEXT = 0 pF 

60 

.. 
c 50 
I 

> 
5 40 w 
Q 

::!l 
::I 30 

OFFSET ADJUST 
t-- (PIN 8) GROUNDED 

V 

directly or connected to ground through a resistor or potentiom
eter with a value of 10 kG or less. 

Caution is urged when using resistance in series with Pin 8. The 
possibility of false output pulses, as discussed above, is 
increased under these circumstances. Using resistarice in series 
with Pin 8 is recommended only when matching minimum 
delays between two or more AD9501 devices; it is not recom
mended if using a single AD9501. Changing the resistance 
between Pin 8 and ground from zero to 10 kG varies the Ramp 
Generator Delay by approximately 35%. 

The Full-Scale Delay Range (tDFS) can be calculated from the 
equation: 

(tDFS) = RSET x (CEXT + 8.5 pF) x 3.84 

Whenever Full-Scale Delay Range is 326 ns or less, CEXT 
should be left open. Additional capacitance and/or larger values 
of RSET increase the Linear Ramp Settling Time, which reduces 
the maximum trigger rate. Wherl delays longer than 326 ns are 
required, up to 500 pF can be connected from CEXT to +Vs. 
RSET should be selected in the f/IIl8I: from 50 G to 10 kG. 
Graph 1 shows typical Full-Scale Delay Ranges for various val
ues of RSET and CEXT' 

L 

/ 
~ 

/ 
/ 

./' 
~ ~ ./" 

~ 
i!; 
::!l 

20 ~ " / ~FSET ADJUST 

10 ~ 
Y (PIN 8) OPEN 

o 
o 40 80 120 160 200 240 280 320 360 400 

FULL-SCALE DELAY RANGE - ns 

Figure 2. AD9501 Minimum Delay (tpDJ VS. Full-Scale Delay Range (tDFSJ 
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AD9501 
Ramp charging current and DAC full-scale current are slaved 
together in the AD9501 to minimize delay drift over tempera
ture. To preserve the unit's low drift performance, both RSET 
and CEXT should have low temperature coefficients. Resistors 
which are used should be 1 % metal film types. 

The minimum delay through the AD9501 corresponds to an 
input code of OOH' and FFH gives the full-scale delay. Any pro
grammed delay can be approximated by: 

tD = (DAC code/ZS6) x tDFS 

Total delay through the AD9501 for any given DAC code is 
equal to: The programmed delay (to) is set by the DAC inputs, Do-D7. 

lOn, 

I 
'.' 

V 

V I 

~ / I 
100 os 

/ / , V V I , 
L~ V V , 1 

, ~ / 
V V , , .... 

10 100 
Rsnlohms) 

v 
/ 

/ 
/ / 

I' V 
/ / 
/V 

V 
/ 

,. 

500pF 

I 

I 

/ 

tTOTAL = tD + tpD 

As shown on the block diagram, TTUCMOS latches are 
100 pF included to store the digital delay data. Data is latched when 

LATCH is HIGH. When LATCH is LOW, the latches are 
50 pF transparent, and the DAC will attempt to follow any changes on 

inputs Do-D7. 

10pF 

OpF j 

, .. 

The System Timing Diagram, Figure 3, shows the timing rela
tionship between the input data and the latch. The DAC settling 
time (tLD) is approximately 30 ns. After the digital (Program
med Delay) data is updated, a minimum 30 ns must elapse 
between the time LATCH goes high and the arrival of a 
TRIGGER pulse to assure rated pulse delay accuracy. 

Graph 1. RC Values vs. Full-Scale Delay Range (tOFSJ 

When RESET goes HIGH, the ramp timing capacitor (CEXT + 
8.5 pF) is discharged. The RESET input is level-sensitive, and 
overrides the TRIGGER input. Therefore, any trigger pulse 
which occurs when RESET is HIGH will not produce an output 
pulse. As shown on the system timing diagram, Figure 3, the 
next trigger pulse should not occur before the Linear Ramp Set
tling Time (tLRS) interval is completed to assure rated pulse 
delay accuracy. 

REV. A 

LATCH 

DIGITAL 
DATA 

TRIGGER 
INPUT 

RESET 
INPUT 

OUTPUT LT!I L 
NOTE: A TRIGGERING EVENT MAY OCCUR AT ANY TIME THE INTERNAL DAC 
(PROGRAMMED DELAYIIS BEING CHANGED. TRIGGERING EVENTS DURING THE 
INTERNAL DAC SETTLING TIME MAY NOT GENERATE AN ACCURATE PULSE 
DELAY. 

tL - LATCH PULSE WIDTH tRHO - TRIGGER-TO-RESET HOLD-OFF 
tH - DIGITAL HOLD TIME tTHO - RESET-TO-TRIGGER HOLD-OFF 
ts - DIGITAL DATA SETUP TIME tR - RESET PULSE WIDTH 
tLO - DAC SETTLING TIME t po - MINIMUM PROPAGATION DELAY 
tT - TRIGGER PULSE WIDTH tRo - RESET PROPAGATION DELAY 
t LRS - LINEAR RAMP SETTLING TIME to - PROGRAMMED DELAY 

Figure 3. AD9501 System Timing 
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AD9501 
For most applications, OUTPUT can be tied to RESET. This 
causes the output pulse to be narrow (equal to the Reset Propa
gation Delay tRO)' Alternatively, an external pulse can be 
applied to RESET. To assure a valid output pulse, however, the 
delay between TRIGGER and RESET should be equal to or 
greater than the total delay of tpo + to illustrated in the inter
nal timing diagram Figure 1. 
As shown in that figure, the capacitor voltage discharges very 
rapidly and includes a smaIl amount of overshoot and ringing. 
Rated timing delay will not be realized unless subsequent trigger 
events are delayed until after the linear ramp settles to its reset 
voltage value. 

The values for the various delay increments in the specification 
table are based on a Full-Scale Delay Range of 100 ns with 
OUTPUT tied to RESET (self-resetting operation). 

When Full-Scale Delay Range is set for intervals shorter than 
100 ns, the rate of change of the linear ramp is increased. This 
faster rate means the Maximum Trigger Rate shown in the spec
ification table is increased because the Ramp Generator Delay 
and, consequently, Minimum Propagation Delay tPD become 
smaller. 

Linear Ramp Settling Time tLRS also becomes shorter as Full
Scale Delay Range is decreased. Minimum Delays for various 
Full-Scale Delay Range values are shown in Figure 2. 

APPLICATIONS 
The AD9S0 1 is useful in a wide variety of precision timing 
applications because of its ability to delay TTL/CMOS pulse 
edges by increments as small as lOps. 

In Figure 4, the AD9S01 typical circuit configuration, the 
delayed output is tied back to the RESET input. This will pro-

SIGNAL 1 

I ,....-
I 
I 1 
I I 
I DECODER I 
I I 
I I 
I N 

I 
I f--

SIGNAL N 

8 if 
J 

.. PBUS 

LATCH +6V ENABLE 
8 ~O.l"F 

Da-D7 

GROUND 
GROUND 

OUTPUT DELAYED 
OUTPUT 

TRIGGERING TRIGGER INPUT 

RESET 
AD9501 

Figure 4. AD9501 Typical Circuit Configuration 

duce a narrow output pulse who~e leading edge is delayed by 
an amount proportional to the 8-bit digital word stored in the 
on-board latches. For the configuration shown, the output pulse 
width will be equal to the Reset Propagation Delay (tRD). If 
wider pulses are required, a delay can be inserted between 
OUTPUT and RESET. If preferred, an external pulse can be 
used as a reset input to control the timing of the falling edge 
(and consequently, the width) of the delayed output. 

Multiple Signal Path Deskewing 
High speed electronic systems with parallel signal paths require 
that close delay matching be maintained. If delay mismatcl1 
(time skew) occurs, errors can occur during data transfer. For 
these situations, the matching of delays is genera1ly accom
plished by carefully matching lead lengths. 

TRIGGER AD9501#1 

DIGITAL DATA OUTPUT ...,~ 
I 

SIGNAL l' 

LATCH RESET I 
I 

L- I 
I 
I LATCH AD9501#N 
I 

DIGITAL DATA OUTPUT ..., SIGNALN' 

TRIGGER RESET 

L-

Figure 5. Multiple Signal Path Deskewing 
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This delay matching is often difficult when using high speed, 
high-pin-count testers because lead length and circuit impedance 
can change when the tester setup is changed for different types 
of devices. The skew which might result from these changes can 
be compensated by using AD9501 units as shown in Figure 5. 

When deskewing multiple signal paths, a single stimulus pulse is 
applied to all inputs of the AD9501s which are used. The delay 
for each signal path is then measured by the tester's delay mea
surement circuit. Using a closed loop technique, all delays are 
equalized by changing the digital value held in the register of 
each AD950 I. Once all delays have been matched to the desired 
tolerance, the calibration loop is opened; and the tester is ready 
to test the new type of device. 

Digitally Programmable Oscillator 
Two AD950ls can be configured as an astable oscillator, as 
shown in Figure 6. 

START 
PULSE TRIGGER 

AD9501 
triggered from a common clock signal. Their outputs go to the 
inputs of an RS flip-flop. A digital delay value is applied as an 
input to each with AD9501 #2 typically having a larger value 
than AD9501 #1. 

As shown by the timing portion of the diagram, changing the 
delay value from one clock cycle to the next generates a pseudo
random pulse whose leading and trailing edge delays are con
trolled relative to Clock In. The dashed lines illustrate how the 
programmed delays of the AD9501 components control both the 
timing and width of the generator output. 

The frequency (I) and pulse width (tpw) of the pulse generator 
can be determined as follows: 

[= [CLOCK IN 

and: 

tpw = troT2 - troTI 

AD9501 #1 

~ DIGITAL DATA OUTPUT f-~ 

LATCH RESET 

I- S Q --() OUTPUT 

DECODER 

~ R Q --() 
LATCH AD9501 #2 

~ DIGITAL DATA OUTPUT I--' 

- TRIGGER RESET 

I 
8/ 

P BUS 

Figure 6. Digitally Programmable Oscillator 

Delay through each side of the oscillator is determined by the 
programmed delay (tD) of each AD9501 plus the minimum 
propagation delay (tPD) of each. Increasing the digital value 
applied to either AD9501 decreases frequency, just as increasing 
RC decreases frequency in an analog ring oscillator. 

Using a pair of AD9501 Delay Generators as shown allows the 
user great flexibility because both the frequency and the duty 
cycle of the oscillator are easily controlled. 

Frequency of the oscillator output can be established with the 
equation: 

[= JI(2tpD + tDJ + tD2) 

when tDl and tD2 are the programmed delays of AD9501 #1 
and AD9502 #2, respectively. 

Programmable Pulse Generator 
In this application, shown in Figure 7, two AD9501 units are 

REV. A 

with TTOT being equal to each AD9501's minimum propagation 
delay (tPD) plus programmed delay (tD). If both AD950ls are 
set for the same full-scale delay range, their minimum propaga
tion delays will be approximately the same, and the pulse width 
will be approximately equal to the difference in programmed 
delays. 

Digital Delay Detector 
An unknown digital delay can be measured by applying a repeti
tive clock to the circuit shown in Figure 8. 

The pictured delay detector works in a manner similar to a suc
cessive approximation ADC; in this circuit, however, aD-type 
flip-flop replaces the ADC's voltage comparator. 

To calibrate the circuit, short out the unknown delay and apply 
the clock input to both AD950 I units. 
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A09501 
CLOCK IN TRIGGER AD9501#1 

r- DIGITAL DATA OUTPUT 
0, 

LATCH RESET 

~ - S 0 OUTPUT 

DECODER 

LATCH AD9501 #2 - R 

DIGITAL DATA OUTPUT 
O. 

~ 

TRIGGER RESET 

a ~ 
I 

-".PBUS 

CLOCK IN II rI ----! ~J~-----,J IL... __ _ 

0, 
tD #1 

a. I .. tD #2 tn $ I I 

t D #2 

I I 

a. n S5 L 
Figure 7. Programmable Pulse Delay Generator 

AD9501 # 1 should be programmed so its delay is greater than 
the zero-set programmed delay of !.~9501 #2. To accomplish 
this, continue to apply clock pulses and increment the digital 
data into AD9501 #1 until the output of the successive approxi
mation register (SAR) is 02H (00000010) or greater. At this 
point, the delay through AD9501 #1 is slightly longer than the 
delay through AD9501 #2, making it possible to use the SAR 

output as the zero reference point for measuring the unknown 
delay when it is reinserted into the circuit. 

CLO CKIN 

GROUND--

OOH-

r-
a It 

J 

RESET 
a-BIT SUCCESSIVE 
APPROX. REGISTER J 
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This calibration procedure compensates for the setup time of the 
flip-flop, stray circuit delays and other nonideal characteristics 
which are an inherent part of any circuit. 

Eight cycles of the clock input are required to determine the 
value of the unknown delay. 

TRIGGER AD9501#1 

LATCH OUTPUT ~ UNKNOWN 
f--< DELAY 

DIGITAL DATA RESET -
D 

Or--

TRIGGER AD9501 #2 I CLK 

LATCH OUTPUT 

DIGITAL DATA RESET 

Figure 8. Digital Delay Detector 
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Analog Settling Time Measurement 
This circuit, shown in Figure 9, functions in a manner similar 
to the digital delay detector; for this application, too, the clock 
must be repetitive. As in the delay detector, AD9501 #1 is used 
to cancel the propagation delay of AD9501 #2, propagation 
delay of the comparators, stray delays, etc. To accomplish this, 
use the calibration procedure described earlier for the digital 
delay generator. 

The difference betwen the two circuits is in the detection 
method. The register of the digital delay is replaced by a win
dow comparator for the analog settling measurement. 

CLOCK IN TRIGGER AD9501#1 

GROUND LATCH OUTPUT 

DOH DIGITAL DATA RESET 

TRIGGER AD9501 #2 

LATCH OUTPUT 

DIGITAL DATA RESET 

8 

AD9501 
Threshold voltages V I and V2 are set for the desired tolerance 
around the fmal value of the DUT output signal. As shown in 
the lower portion of the diagram, the output of the detector is 
high when the analog output signaI of the converter is within 
the limits set by V I and V 2' 

Therefore, the settling time can be measured by starting the 
delay of AD9501 #2 at its maximum setting and decrementing 
it until the window comparator goes low. The difference 
between the DAC codes applied to AD9501 #2 and AD9501 #1 
is a measure of the settling time of the D/A converter being 
tested. 

D/A CONVERTER 
UNDER TEST 

Figure 9. Analog Settling Time Measurement 

Layout Considerations 
Although the inputs and output of the AD9501 are digital, the 
delay is determined by analog circuits. This makes it critical to 
use high speed analog circuit layout techniques to achieve rated 
performance. 

The ground plane should be on the component side of the board 
and extend under the AD9501 to shield it from digital switching 

REV. A 

signals. Most socket assemblies add significant inter-lead capaci
tance, and should be avoided whenever possible. IT sockets 
must be used, individual pin sockets such as AMP part number 
6-330808-0 (closed knock-out end) or 6-330808-3 (open end) 
should be used. 

Power supply decoupling is also critical for high speed design; a 
0.1 fLF capacitor should be connected as close as possible to 
each supply pin. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
60 MHz Update Rate 
±1.5 LSB Dynamic Nonlinearity 
100 MHz Update Rate 
±5 LSB Dynamic Nonlinearity 
On-the-Fly Delay Update 
8-Bit Resolution 
2.5 ns to 25 ns Full-Scale Range 
10 ps Incremental Delay 
On-Board Calibration DAC 

APPLICATIONS 
ATE Pattern Generator 
Programmable Pulse Generator 
Frequency-Agile Clock Generator 
Precise Pulse Phase Delay 
Variable Duty Cycle Clock 
Laser Printers 

High Speed PWM 
Line-to-Line Deskew 

GENERAL DESCRIPTION 
The AD9S0S is a high performance, digitally programmable tim
ing vernier with "on-the-fly" update capability. The delay from 
the triggering edge to the output is proportional to the 8-bit 
delay data. 

With the timing capacitor and CaiDAC included on the die, 
external components are reduced and manual trim of full-scale 
range is not required. A single external resistor sets the nominal 
full scale, and fme tuning can be accomplished under processor 
control. Pulse edge placement can be controlled to 10 ps resolu
tion when full scale is set to its minimum value of 2.5 ns. 

The AD9S0S is designed specifically for applications requiring 
dynamic delay update such as ATE pulse pattern generation and 
very high speed, pulse width modulation. A new delay value is 
latched into the DAC on the positive edge of each TRIGGER 
pulse. This permits generation of high speed, pseudo-random 
pulse patterns with edges controlled to very precise increments. 

REV. 0 

Digitally Programmable 
Pulse Edge Delay Vernier 

AD9505 I 
FUNCTIONAL BLOCK DIAGRAM 

TRIG EN 

TRIG 

TRIG 

DATA 

RSET 

~--uOUT 

Logic input and output levels are compatible with ECL-1OK. 
TRIGGER and OUTPUT signals are differential to assure maxi
mum noise immunity and minimum jitter when interfacing to 
any ECL logic family. An ECL midpoint reference is included 
for single-ended input interface. 

Only 650 mW is required from a single -5.2 V power supply. 
This makes it possible to package the AD9S0S in plastic PLCC. 
As a result, dense PC board layout is made possible. The 
AD9S0SKP is rated for operation from O°C to + 70°C. 

PRODUCT HIGHLIGHTS 
1. On-the-Ply Delay Update 

2. Low Power-6S0 mW 

3. Single Power Supply 

4. 10K ECL Compatible 
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AD9505-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (VEE = -5.2 V; RSET = 62 n; FSR =4.1 ns; RL = 100 n to -2 V) 

Test 
Parameter Temp Level 

RESOLUTION 

ACCURACY' 
Differential N onlinearity2 +25OC I 
Integral Nonlinearirr + 25°C I 
Dynamic Integral Nonlinearity3 + 25°C V 

Full V 
Monotonicity + 25°C I 

DIGITAL INPUTS 
Logic "1" Voltage Full VI 
Logic "0" Voltage Full VI 
Logic "1" Input Current Full VI 
Logic "0" Input Current Full VI 
ECL Midpoint Reference Full VI 
Input Capacitance +25°C V 
TRIG EN Setup Time (tsU)4 +25°C V 
TRIG EN Hold Time (tHl +25°C V 
Data Setup Time (toSU)6 +25°C V 
Data Hold Time (to~6 +25OC V 
Minimum Trigger Pulse Width High Full V 

DIGITAL OUTPUT 
Logic "1" Voltage Full IV 
Logic "0" Voltage Full IV 

DYNAMIC PERFORMANCE' 
Maximum Trigger Rate +25°C I 
Minimum Propagation Delay (tpo) +25°C 

FSR=4ns I 
FSR = 20 ns V 

Minimum Propagation Delay TC Full V 
Full-Scale Range TC Full V 
Delay Uncertainty + 25°C V 
Output Rise Time + 25°C V 
Output Fall Time + 25°C V 
Output Pulse Width + 25°C I 

POWER SUPPLy7 

Negative Supply Current (-5.2 V) Full VI 
Power Dissipation Full VI 
Power Supply Rejection Ratios 

Full-Scale Range Sensitivity + 25°C I 
Minimum Propagation Delay Sensitivity +25°C I 

NOTES 
'With full scale set at 4.1 ns and 60 MHz TRIGGER rate. 
'Measured with delay data changing at a slow rate and trigger at 60 MHz (Best Fit). 
'Measured with delay changing on each trigger at 60 MHz. 

Min 

8 

-1.1 

-1.38 

-1.0 

60 

4 

3.2 

4oJ'RIGGER ENABLE must remain stable for the specified time prior to the leading edge of TRIGGER. 
'TRIGGER ENABLE must remain stable for the specified time after the leading edge of TRIGGER. 
"The DATA inputs must be stable for the specified times prior to and after the leading edge of TRIGGER. 
'Supply voltage should remain stable within ±5% for normal operation. 
'Measured at ±5% of V"". 

Specifications subject to change without notice. 
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Typ Max 

±0.5 ±1 
±0.75 ±1.75 
±1 
±2 
Guaranteed 

-1.5 
25 
25 
-1.17 

3 
1.5 
2.5 
1 
3 
2 

-1.63 

6 
7 
6 
I 
6 
900 
900 
3.9 4.6 

125 150 
650 780 

100 275 
50 200 

Units 

Bits 

LSB 
LSB 
LSB 
LSB 

V 
.V 

fI.A 
fI.A 
V 
pF 
ns 
ns 
ns 
ns 
ns 

V 
V 

MHz 

ns 
ns 
psfC 
psrc 
ps 
ps 
ps 
ns 

mA 
mW 

psIV 
psIV 
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ABSOLUTE MAXIMUM RATINGS' 
Negative Supply Voltage (VEE) ................. -7 V 
Digital Input Voltage Range .............. GND to VEE 
Trigger Input Voltage Range .............. GND to VEE 
Minimum RSET ............................ 20 n 
Digital Output Current (Sourcing) .............. 30 rnA 
Operating Temperature Range 

AD9S0SKP ....................... O°C to +70°C 
Storage Temperature Range ........... -65°C to + Isaac 
Junction Temperature2 • • • • • • • • • • • • • • • • • • • •• + 175°C 
Vapor Phase Soldering (1 minute? .............. +220°C 

NOTES 
I Absolute maximum ratings are limiting values, to be applied individually, and 
beyond which serviceability may be impaired. Functional operability under 
any of these conditions is not necessarily implied. 

'Typical thermal impedance: 
28-Lead PLCC, alA = SS°C!W; ale = IS"CIW. 

'Prior to vapor phase soldering, plastic packages should receive a minimum of 
8 hours bake-out at 11O"C to assure that moisture trapped during shipping and 
storage is driven out. 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD9S0SKP OOC to +70°C Plastic PLCC 

*For outline information see Package Information section. 

TRIG 

TRIG 

GND 

ECLREF 

MECHANICAL INFORMATION 

... UI an .. CO) 
Q Q Q Q C 

.. .. 

Package 
Option* 

P-28A 

OUT 

OUT 

GND 

Die DinIensions .............. 101 x 97 x IS (±2) mils 
Pad Dimensions ........................ 4 x 4 mils 
Metalization .......................... Aluminum 
Backing ......................•......... None 
Substrate Potential .......................... VEE 
Passivation ........................... Oxynitride 
Die Attach ................... Epoxy or Gold Eutectic 
Bond Diameter .... 1.25 mil, Aluminum; Ultrasonic Bonding 
................... or I mil, Gold; Gold Ball Bonding 

REV. 0 

EXPLANATION OF TEST LEVELS 
Test Level 
I 100% production tested. 

AD9505 

n 100% production tested at + 2SOC, and sample tested at 
specified temperatures. 

III Periodically sample tested. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% production tested at +2SoC. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commerciaVindustrial devices. 

GND GND 

"-~[i=~ TRIG EN ~~, 
OUT 

t 
v •• 

GND 

-~~ ECLREF 
TRIGGER 

t 
v •• v •• 

GND 

=~K 
RSET 

v •• v •• 

Equivalent Circuits 
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AD9505 
PIN DESCRIPTIONS PIN CONFIGURATION 

PIN NAME FUNCTION 28-Lead PLCC 
1 GND Ground Return; Digital Current. 
2 ECLREF Logic Midpoint Reference. ili 
3 VEE Negative Supply; -5.2 V, Digital. a: 

4 D7 Delay Data Bit 7 (MSB). Ii d w 
w oJ' 

5 D6 Delay Data Bit 6. 
6 D5 Delay Data Bit 5. 
7 D4 Delay Data Bit 4. PIN 1 
8 D3 Delay Data Bit 3. IDENTIFIER 

9 D2 Delay Data Bit 2. 
10 Dl Delay Data Bit 1. 
11 DO Detay Data Bit 0 (LSB). AD9505 

12 GND Ground Return; Digital Current. TOP VIEW 

13 N/C No Connection: Do Not Use as a Tie Point. (Not to Scale) 

14 CAL EN Calibrate Enable; Cal Is Initiated When 
Logic "Zero" Applied. 

15 VEE Negative Supply; -5.2 V, Digital. 

16 OUT True Output Signal. 
17 OUT Complementary Output. I~ 18 NC No Connection; Do Not Use as a Tie Point. ~ 
19 GND Ground Return; Digital Current. 

NC = NO CONNECT 
20 NC No Connection; Do Not Use as a Tie Point. 
21 VEE Negative Supply; -5.2 V, Analog. 
22 RSET Resistor to Set Nominal Full Scale. 
23 GND Ground Return; Analog Current. 
24 GND Ground Return; Analog Current. 
25 TRIG EN Trigger Enable; Enabled When Logic "Zero" 

Applied. 
26 VEE Negative Supply, -5.2 V, Digital. 
27 TRIG Trigger Input; Initiates Delay. 
28 TRIG Complementary Trigger Input. 
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FUNCTIONAL DESCRIPTION 
The AD9S0S comprises a ramp generator, DAC, and compara
tor. A TRIGGER signal initiates a linear ramp and latches data 
into the DAC. The comparator monitors the ramp signal versus 
the DAC reference level. When the ramp crosses the level set 
by the DAC, an OUTPUT signal of constant pulse width is 
generated. 

The comparator also generates an internal signal which resets the 
ramp and returns the DAC latch to its transparent state. The 
DAC then switches and settles to the voltage corresponding to 
its next data word. It is then ready for the next triggering event. 

TIMING CONSIDERATIONS 
As shown in the timing diagram below, the leading ed~ 
TRIGGER initiates a delay cycle whenever TRIGGER ENABLE 
is a logic zero. Minimum setup and hold times must be observed 

20 30 40 50 60 70 80 
TRIGGER RATE - MHz 

(UPDATE = TRIGGER RATE) 

Figure 1. Dynamic Nonlinearity vs. Update Rate 

AD9505 
to assure that DATA is properly latched into the DAC and the 
TRIGGER is enabled. 

For "on-the-fly" operation, the DATA setup tinte should be a 
minimum of 5 ns. This is necessary to assure minimum settling 
time for the DAC. The DAC latches become transparent intrne
diately following the previous delayed event. Figure 1 demon
strates typical nonlinearity versus update rate with new DATA 
for each TRIGGER (FSR = 4 ns). 

Some applications for delay verniers do not require the delay 
value to change on a TRIGGER-by-TRIGGER basis. In cases 
where delay DATA changes relatively slowly, dynamic linearity 
will improve tnarkedly. An octal holding register may be 
required since the AD9S0S data inputs are latches rather than 
registers. Figure 2 shows nonlinearity versus TRIGGER rate 
with DATA update at 100 Hz (FSR = 4 ns). 
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-2 
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t: t:""" ,/ tj;; '; 

L rc< [;li~~ ~ ~ 
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~ 

20 30 40 50 60 70 80 

TRIGGER RATE - MHz 
(UPDATE RATE = 100Hz) 

Figure 2. Nonlinearity VS. Trigger Rate 
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Figure 3. Timing Diagram 
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AD9505 
Because of timing overhead such as setup times, minimum prop
agation delay, and ramp/DAC settling time, it is not possible for 
the programmed delay to be as long as the full TRIGGER inter
val. The table below lists maximum full-scale ranges for various 
rrigger rates to maintain rated linearity. 

Trigger Trigger Maximum 
Rate Interval FSR 
60 MHz 16.7 ns 5 ns 
50 MHz 20 ns 11 ns 
25 MHz 40 ns 15 ns 

Figure 4 illustrates dynamic nonlinearity versus full-scale range 
for 20 MHz, 60 MHz, and 100 MHz TRIGGER rates. 

-..... 
~ -............. ~ ~ 

\ "- i'\..MHZ 

",MHZ 

"'-
\ 60MHz 

~ 

60MHj \ 
±4 

10 15 20 25 
FULL- SCALE RANGE - ns 

Figure 4. Dynamic Nonlinearity vs. FSR 

The AD9505 outputs a constant width pulse whose leading edge 
is delayed with respect to the leading edge of TRIGGER. Total 
delay is the sum of a minimum delay and the programmed delay 
or: 

\ 

Minimum delay (tpD) consists of the fIxed propagation delay of 
the input logic and the comparator plus a variable ramp delay. 
The ramp delay is due to an offset between the reset ramp level 
and the most positive DAC value. This offset is necessary to 
avoid false output signals when the ramp resets. The offset is 
constant, but the delay varies as a function of the slope of the 
ramp. Thus, this portion of tpD will be proportional to the full
scale range. 

Minimum delay can be calcn1ated by the equation: 

tpD = 4.7 ns + (0.1 x FSR) 

Minimum delays for various full-scale delays are shown in 
Figure 5. 
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Figure 5. Minimum Delay 

Full-scale programmable range is set by an external RSET in 
combination with an internal capacitor with a nominal value of 
14 pF. Full-scale range is found by the equation: 

FSR=4.7 - RSET ' GINT 

or RSET is found by: 

RSET=FSRI(65.8 • 10- 12) 

For best overall performance, the full-scale range for the 
AD9505 should be limited to the range from 2.5 ns to 25 ns. It 
should be noted that data sheet specifIcations are based on a 
full-scale range of 4.1 ns. Figure 6 shows the required value for 
RSET for various nominal full-scale ranges. 
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Figure 6. Full Scale vs. RSET 

/" 

350 

Although operation at longer delay ranges is possible, certain 
characteristics may degrade to undesirable levels. The fIrst char
acteristic to degrade will be FSR tempco. The reference circuit 
which regulates this tempco is effective over the RSET range 
from 35 !l to 350 !l. Further imbalance in this circuit causes 
rapid degradation of tempco. 
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Additionally, the jitter (which is actually a measure of timing 
repeatability) increases rapidly. Since the purpose of the 
AD9505 is to provide repeatable delay with fine incremental res
olution, jitter is undesirable. Typical jitter versus full-scale delay 
is illustrated below. Data for Figure 7 was taken with the 
AD9505 operating at low data update .. 

25 

V 
20 

a. 

../ 
/ 

115 

~ 
11)10 --~ -" a: 

o 
o 10 15 20 25 30 

FULL· SCALE RANGE - ns 

Figure 7. Jitter VS. FSR 

The tolerance on the internal capacitor is approximately ± 20%. 
Thus, the full-scale range calculated by the above equations will 
have a like tolerance. Because many applications for timing ver
niers require better absolute range tolerance as well as tight 
matching between multiple devices, the AD950S also includes 
an on-board CaIDAC. This facilitates fme tuning the FSR under 
processor control. 

APPLICATIONS INFORMATION 
Fine-Tuning FSR with the CaiDAC 
Data for the CaiDAC is applied to the same 8-bit bus as delay 
DATA. When CAL Enable is low, data is loaded into the 
CaIDAC; when it goes high, the data is latched. (It should be 
noted that this data is also loaded into the delay DATA latches. 
Therefore, a new delay value should be loaded prior to testing 
the new calibration value or returning to normal operation.) 

Since the capacitor may vary by ±20%, the CalDAC's range is 
proportional to FSR so it is always slightly more than ±20%. 
Additionally, it is guaranteed monotonic by design so it will 
operate properly in a closed correction loop. The effective 
resolution of the calibration is ± 1/4 LSB referred to the full
scale range. 

RSET is selected per the equations under Timing Considerations. 
Starting with a midscale code in the CaiDAC, its input should 
be increased to lengthen FSR and vice versa. 

As long as CAL ENABLE is held high, the CaiDAC will retain 
its calibration code until another calibration cycle is initiated. 
The user should note that the calibration code is lost when 
power is removed. The CaiDAC latch may come up in any 
state. Therefore, a power-up cal should always be performed. 

Layout Considerations 
Although the AD9S0S performs an essentially digital function, 
its incremental resolution and accuracy depend upon linear ana
log subcircuits. The internal comparator measures millivolt lev
els in order to resolve very small time increments. Therefore, 
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AD9505 
high frequency analog layout techniques should be employed in 
order to obtain rated performance. 

Driving the device with a differential signal will enhance the 
repeatability of the timing accuracy. The complementary out
puts should also be loaded equally to balance output digital 
switching currents. 

Grounding and power supply decoupling should receive special 
attention. The ground plane should cover as much as possible of 
the component side or first interior layer of the board. Avoid 
signal runs on the component side of the board between the 
device and ground plane. 

All ground pins should be connected directly to the ground 
plane. In systems with split grounds, all ground pins of the 
AD9S0S should be connected to the Analog Ground. A single 
point connection from the ground plane of the AD950S to 
digital ground is required for return currents for the digital 
interface. 

All VEE pins should be decoupled with 0.01 fLF to 0.1 fLF chip 
capacitors. Circuit connections from the capacitors to package 
pins and ground should be as short as possible to minimize 
inductance. 

The analog VEE' Pin 21, should require no special treatment 
except on boards with considerable digital switching current. In 
those cases, a ferrite bead in series with the supply connection 
should provide satisfactory isolation. Otherwise, normal decou
piing should be adequate. 

In most cases, sockets should be avoided, even for prototyping. 
The contacts in sockets add capacitance and inductance which 
usually degrade dynamic performance of high performance ICs 
such as the AD9S05. If socketing is necessary, and the user can 
tolerate small losses in performance, the best-known socket 
through our experience is the Methode 213-028-602 for the 
PLCC. 

An evaluation board is available. Its part number is 
AD9S0SPCB. 
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Selection Guide 
Special Function Components 
Model 

AD639 
PKD-Ol 

*ADXL-SO 
*AD730 
*AD720 
*AD8OOI802 
*AD80S 

Description 

Universal Trigonometric Function Converter 
Monolithic Peak Detector with Reset-and-Hold Mode 
Monolithic Accelerometer with Signal Conditioning 
Programmable Clock Generator 
RGB to NTSCIPAL Encoder 
Oock Recovery and Data Retiming Phase Locked Loop 
Oock Recovery and Data Retiming Phase Locked Loop 

Package Optionsl TempRange2 Page 

1 I,M 7-5 
2,3 C,M 7-33 
1,7 M 7-27,11-10 
6 C 7-13 
5 C 7-9 
1,2,6 C,I 7-19 
1,6 C,I 7-23 

lPackage Options: I ~ Hennetic DIP, Ceramic or Metal; 2 ~ Plastic or Epoxy Sealed DIP; 3 ~ Cerdip; 4 ~ Ceramic LeadJess Chip Carrier; 5 ~ Plastic Leaded Chip Carrier; 6 ~ Small Outline "SOIC" Package; 
7 ~ Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Ceramic FIatpack; 10 = Plastic Quad FIatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhennetic Ceramid 
Glass DIP; 14 ~ J-Leaded Ceramic Package; IS = Ceramic Pin Grid Array; 16 = TO-92; 17 ~ Plastic Pin Grid Array_ 

2Temperature Ranges: C ~ Commercial, O"C to +7O"C; I = Industrial, -40°C to +85"C (Some older products -25°C to +85"C); M = Military, -55"C to +125"C. 
Boldface Type: Product recommended for new desigu. 
*New product. 



This section contains technical data on integrated circuit chips 
that could not be classified in any of the major sections of this 
databook without losing their identities. For example, the 
AD639 trigonometric function generator is a close relative of 
analog multiplierfdividers, in both function and circuitry; but if 
it were listed in that section, its unique trigonometric capabili
ties would be "buried." 

We describe briefly here the function and salient uses of these 
devices. For further information, consult the individual data 
sheets. 

ANALOG FUNCTIONS 
AD639 Universal Trigonometric Function Generator 
The AD639 is an analog "trigonometric microsystem" on a sin
gle silicon chip, packaged in a 16-pin DIP. From a differential 
input voltage, representing an angle (20 mVr), it can be pro
grammed to generate a voltage output, accurately determined by 
any of the standards functions-sine, cosine, tangent, secant, 
cosecant, and contangent-as well as some lesser known vari
ants, such as the versine and exsecant, plus a corresponding set 
of inverse functions. All inputs are differential, and either polar
ity of input or output can be generated. 

Trigonometric functions play an important role in electronics. 
Inherent to many communications, measurement and display 
systems, they also find increasing application in control and 
robotics. Most familiar are the sine and cosine, which fmd wide 
use as fundamental signal source-both separately and in 
orthogonal pairs. In display systems, these functions are basic to 
graphical manipulations (axis rotation and polar-to-Cartesian 
conversion), and they also appear in Cartesian-to-polar conver
sion and in determining phase angle from the real and imaginary 
components of a complex signal. 

With its large repertoire of functions, the AD639 makes it possi
ble to include trigonometric transformations in the analog por
tion of a system with: 

• little added cost or board space 

• with high accuracy 

• without the overhead in software, memory or time (which 
would accompany such computations in an associated digital 
system). The use of the AD639 also makes it easy to generate 
low distortion sine-wave signals, with voltage control of 
amplitude and frequency, up to 10 V and 1 MHz, respectively. 

AD720 RGB to NTSCIPAL Encoder 
The AD720 RGB to NTSCfPAL Encoder converts red, green, 
and blue color component signals into their corresponding lumi
nance (baseband amplitude) and chrominance (subcarrier ampli
tude and phase) signals in accordance with either NTSC or PAL 
standards. These two outputs are also combined to provide a 
composite video output. All three outputs are available sepa
rately at voltages of twice the standard signal levels as required 
for driving 75 n reverse-terminated cables. 

AD730-Programmable Clock Generator 
The AD730 is a monolithic solution for providing up to 16 out
put frequencies from a single frequency source. Output frequen
cies of up to 216 MHz are realizable, combined with excellent 
jitter performance. The available output frequencies are deter
mined through a "Personalization Mask Option." An output 

Orientation 
Special Function Components 

frequency is selected through a standard MPU interface. Low 
jitter and excellent power supply rejection are achieved by 
careful attention to layout and the use of an active integrator in 
the loop filter. The only external components required are a 
reference crystal and three passive components for the PLL 
loop filter. 

AD800 and AD802 Clock Recovery and Data Retiming 
Circuits 
These phase-locked loop based circuits have been designed for 
use in high data rate (220 Mbps, NRZ) receiver circuits, in par
ticular those adhering to telecommunications standards for fiber 
optic receivers. 

These circuits contain two control loops: a frequency acquisition 
loop and a phase acquisition loop. The frequency acquisition 
loop acquires the clock frequency of the input data signal. The 
phase acquisition loop tracks the phase of the input data signal. 
The AD800fAD802 has wide capture and tracking ranges. This, 
coupled with the factory's ability to laser trim VCO center fre
quency, eliminates the need to rely on external components 
(crystal, VCXO, or precision network) for center frequency set
ting for operation over temperature. 

An external capacitor controls the loop damping factor of an 
AD800fAD802. The user can design the circuit with a loop 
damping factor between 1 and 10. The loop damping factor con
trols the tradeoff between frequency acquisition and jitter peak
ing. A lower damping factor decreases frequency acquisition 
time at the expense of greater jitter peaking. 

A mask set determines the loop bandwidth of an AD800f AD802 
(between 0.01% and 1% of nominal center frequency). A very 
low loop bandwidth circuit (0.01 % of the nominal center fre
quency) could effectively filter a jittery timing reference. 

The factory can develop an AD800 for NRZ bit rates from 20 
Mbps to 70 Mbps, and an AD802 for NRZ bit rates from 90 
Mbps to 160 Mbps. The factory offers products for standard bit 
rates (e.g., CCITT Recommendation G.958: Synchronous Digi
tal Hiearchy STMI 155.52 Mbps). 

AD805 Clock Recovery and Data Retiming Circuit 
This phase-locked loop based circuit has been designed for use 
in high data rate (155.52 Mbps, NRZ) receiver and transmitter 
circuits, in particular those adhering to telecommunications stan
dards for fiber optic transmission (e.g., CCITT Recommenda
tion G.958: Synchronous Digital Hiearchy STMI 155.52 Mbps). 

An AD805 works with a 155.52 MHz VCXO to provide fast 
acquisition (40 bit periods) clock recovery and data retiming. 
This circuit has wideband jitter tolerance, and no jitter peaking, 
in addition to fast acquisition. The VCXO provides a clock out
put when no input data transitions are present. This circuit can 
be used to multiply a 19.44 MHz or 25.92 MHz system clock to 
a 155.52 MHz clock for serial, NRZ, data transmission at 
155.52 Mbps. 

The ADS05-VCXO circuit uses a frequency and a phase acqui
sition control loop for clock recovery and data retiming. The 
VCXO present in the frequency acquisition control loop aids 
frequency locking due to its output's accuracy. The phase acqui
sition loop uses a voltage controlled phase shifter to acquire 
phase lock. 
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The AD80S can be used by itself to automatically phase align 
(deskew) 155.52 Mbps input data to a reference 155.52 MHz 
clock. The phase acquisition loop works to match RETIMING 
MODULE input data phase with reference clock phase in this 
application. The voltage controlled phase shifter has a ± 112 Unit 
Interval range. 

PKD-Ol Monolithic Peak Detector with Reset-and-Hold 
Mode 
The PKD-O 1 is a monolithic peak detector which tracks an ana
log input signal until a maximum value has been reached and 
retains this peak value on its hold capacitor. The option to 
detect or ignore new peaks with its DET control pin is also 
offered. Detected peaks are presented as positive output levels, 
however negative peaks may also be detected without additional 
circuitry. This flexibility is due to its input amplifier which may 
operate as either an inverting or noninverting gain stage. 

Its monolithic design offers significant advantages over hybrid 
and discrete designs. The matching characteristics attained in a 
monolithic circuit provide inherent advantages when charge 
injection and droop rate error reduction are primary goals. The 
PKD-OI maximizes the advantages of this technology by using 
transconductance amplifiers which: simplify internal frequency 
compensation, minimize acquisition time, and maximize circuit 
accumcy. 

Accumcy is enhanced by the use of an output buffer which 
employes an FET amplifier input stage. This reduces droop rate 
error during lengthy peak hold periods. Temperature related 
droop rate error is reduced by employing bias current cancella
tion circuitry to minimize the gate currents tendency to double 
for every lOoC tempemture change. 
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ADXL50 Monolithic Accelerometer with Signal Conditioning 
The ADXL50 employs surface-micromachining technology to 
produce a device which senses uni-axis acceleration and outputs 
a linearly proportional voltage. The ADXL50 is a low cost IC 
accelerometer which is able to measure acceleration from 0 to 
± 50 g, and withstand shocks greater than 2000 g. The device 
operates on an output voltage range from 1.8 V at 0 g, and has a 
full scale variation of ± I V. An uncommitted operational ampli
fier is also provided which allows the user to vary the full scale 
output voltage to as much as 0.25 V to 4.75 V. 

The ADXL50 employs a variable, differential airgap capacitor to 
sense the direction and magnimde of accelemtion. A simplified 
depiction of this device would contain a moveable center mass 
suspended above a polysilicon slab. This center mass is spring 
tethered at each end, to restore the mass position to absolute 
zero with no acceleration, and to allow it to move on only one 
axis (that axis being on a plane with the chip surface). This 
mass wbuld have an extruding "arm" at a right angle to the axis 
of movement. On each side of the "arm" would be a capacitor 
plate, each driven by an equal amplitude but opposite phase sig
nal. As the device is accelemted, a force described by F = rna. 
overcomes the force due to the spring constant. This movement 
relates to a change in capacitance which is linearly proportional 
to the phase and amplitude of the differential output signal. The 
amplitude is proportional to the accelemtion magnitude while 
the resulting phase indicates the direction of acceleration. A 
force balancing technique is employed to reduce the mass arm 
movement thereby increasing its linearity as well as its dynamic 
range. (For a more in depth description please refer to SAE Techni
cal Paper Series #910496.) 

Analog Devices intends the ADXL50 to be the first in a family 
of accelerometers rated to detect acceleration from fractions of a 
g to several 100 g. Intended uses include: automotive airbags, 
automotive suspension, shock and vibration detection, and 
many military applications. The small size of the surface micro
machined capacitors will allow the advent of multiaxis sensors. 
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FEATURES 
Complete, Fully-Calibrated Synthesis System 
All Standard Functions: Sin, Cos, Tan, Cosec, 

Sec, Cot, Arcsin, Arccos, Arctan, etc. 
Accurate Law Conformance (Sine to 0.02%) 
Angular Range of ± 500· (Sine Mode) 
Function Programmable by Pin Strapping 
1.5MHz Bandwidth (Sine Mode) 
Multiplication via External Amplitude Input 

APPLICATIONS 
Continuous Wave Sine Generators 
Synchro Sine/Cosine Multiplication 
Coordinate Conversion and Vector Resolution 
Imaging and Scanning Linearization Circuits 
Quadrature and Variable Phase Oscillators 

PRODUCT DESCRIPTION 
The AD639 is a high accuracy monolithic function converter 
which provides all the standard trigonometric functions and 
their inverses via pin-strapping. Law conformance and total 
harmonic distortion surpass that previously attained using analog 
shaping techniques. Speed also exceeds that possible using ROM 
look-up tables and a DAC; in the sine mode, bandwidth is 
typically I.SMHz. Unlike other function synthesis circuits, the 
AD639 provides a smooth and continuous sine conformance 
over a range of - 500° to + 500°. A unique sine generation 
technique results in 0.02% law conformance errors and distortion 
levels of -74dB in triwave to sinewave conversion. 

The AD639 is available in three performance grades. The A and 
B are specified from - 25°C to + 85°C and the S is guaranteed 
over the extended temperature range of - 55°C to + 125°C. All 
versions are packaged in a hermetic TO-1l6, 16-pin ceramic 
DIP. A-grade chips are also available. 

PRODUCT HIGHLIGHTS 
The AD639 generates a basic function which is the ratio of a 
pair of independent sines: 

W=U s~n (Xl x2) 
sm (Yl Y2) 

'Protected by U.S. Patent Numbers 3,887,863; 4,475,169; 4,476,538. 

This is an abridged version of the data sheet. To obtain a complete data 
sheet, contact your nearest sales office. 
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Universal Trigonometric 
Function Converter 

A0639* I 
FUNCTIONAL BLOCK DIAGRAM 

The differential angle arguments are proportional to the input 
voltages X and Y scaled by 500 1V. Using the 1.8V on-board 
reference any of the angular inputs can be preset to 90°. This 
provides the means to set up a fixed numerator or denominator 
(sin 90° = 1) or to convert either sine function to a cosine 
(cos8 = sin (90° - 8». Using the ratio of sines, all trigonometric 
functions can be generated (see Table I). 

The amplitude of the function is proportional to a voltage U, 
which is the sum of an external differential voltage (U 1 - U 2) 

and an optional internal preset voltage (Up). The control pin UP 
selects a OV, I V or IOV laser-trimmed preset amplitude which 
may be used alone (U 1 - U 2 = 0) or internally added to the U 1 - U 2 

analog input. At the output, a further differential voltage Z can 
be added to the ratio of sines to obtain the offset trigonometric 
functions versine (I-cos 8), coversine (I-sin 8) and exsecant 
(1- sec 8). A gating input is available which may be used to 
enable or disable the analog output. This pin also acts as an 
error flag output in situations where a combination of inputs 
will cause the output to saturate or to be undefined. 

In the inverse modes, the argument can be the ratio of two 
input signals. This allows the user to compute the phase angle 
between the real and imaginary components of a signal using 
the arctangent mode. 
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AD639 - SPECIFICATIONS (typical @ TA = 25"C, Ys = ±15 Y, U or Up = lOY unless otherwise specified) 

AD639A AD639B AD639S 
Paramet ... Conditions Min Typ Max Min Typ Max Min Typ Max Ullits 

SYSTEM PERFORMANCE 

SINE AND COSINE 
MODE ACCURACY 

Law Conformance' -9O"to +90", U= 10V 0,02 0.02 0.02 % 
Total Harmonic 

Distortion2 (1vIOkHz,U=IOV -74 -74 -74 dB 
Mismatch of Six Peaks - 540° to + 540° 0.05 0.05 0.05 % 
Output Noise (1vIOkHz,U=IOV 2.8 2.8 2.8 ".V/YHz 

CldOkHz,U=IV 0.5 0.5 0.5 ".V/YHz 

PEAK ABSOLUTE ERROR 
Sine Mode -900 to +90", Up= JOV 0.4 0.8 0.2 0.4 0.2 0.8 %FS 

Tminto Tmax 1.0 0.8 1.8 1.2 2.5 %FS 

Cosine Mode -9O"to +90", Up= JOV 0.6 1.2 0.4 0.7 0.5 1.2 %FS 
TmintoTrnax J.5 1.2 2.0 1.7 2.7 %FS 

Sine or Cosine -1800 to + 180", Up= 10V 0.8 1.5 0.5 0.8 0.6 1.5 %FS 
Tminto Tmax 1.7 J.3 2.5 2.1 3.0 %FS 

- 360° to + 360", Up= JOV J.2 1.0 0.9 %FS 

-9O"to +90", Up= IV J.3 2.5 1.0 1.7 0.9 2.5 %FS 
Tmin to Tmax 1.5 1.0 2.3 2.0 3.5 %FS 

-180"to + 180", Up= IV 1.5 3.0 J.2 2.0 1.1 3.0 %FS 
TmintoTmax 1.7 1.3 2.5 2.3 4.0 %FS 

-360° to +360", Up= IV 2.0 1.8 1.5 %FS 

.sSupply -3600 to +360", Up= JOV 0.02 0.02 0.02 %FSN 
V,=±lsV±IV 

-3600 to +360", Up= IV 0.07 0.07 0.07 %FSN 
Vs=+JSV+IV 

TANGENT MODE ACCURACY 
Peak Error3 -45° to +45°, Up= JOV 0.5 3.5 0.5 2.0 0.5 3.5 %FS 

Tmin[oTmax 2.5 1.5 2.8 3.0 %FS 
-45° to +45°, Up= IV 0.9 5.0 0.9 3.0 0.9 2.5 %FS 
TmintoTmu: 4.0 2.0 5.0 1.5 3.0 %FS 

ARCTANGENT MODE ACCURACY 
Peak Angular Error 

Fixed Scale Up=IV 0.5 0.5 0.5 Degrees 
Variable SCale U=O.IV, -llVsZs + llV 1.5 1.5 1.5 Degrees 

U= 10V, -llVszs + llV 0.2 0.2 0.2 Degrees 

SECTIONAL SPECIFICATIONS 

ANGLE INPUTS (XI & X2, YI & Y2)' 
Input Resistance to COM 3.6 3.6 3.6 k!l 
Nominal Scaling Factor 50 50 50 ON 

X I & X21nputs 
Angular Range For 

Specified Error(X I - X2) -360 +360 -360 +360 -360 +360 Degrees 
Scaling Error XI or Xl 0.2 0.65 0.2 0.65 0.2 0.65 % 
Angular Orrset X I = Xl = 0 0.1 0.3 0.1 0.3 0.1 0.3 Degrees 

YI & Y21nputs 
Angular Range For 

SpecifiedError(YI- Y2) 0 +180 0 +180 0 +180 Degrees 
Scaling Error YI or Y2 0.2 2.0 0.2 2.0 0.2 1.0 % 
Angular Orrset YI = Y2 = 0 0.1 1.0 0.1 1.0 0.1 0.5 Degrees 

AMPLITUDEINPUTS(UI & U2) 
Input Resistance to COM 50 50 50 k!l 
Nominal Gain X=Y=VR,WtoZI I I I VN 
Gain Error U=O.ltoIOV 0.0\ 0.5 0.01 0.5 0.01 0.5 % 

TmintoTmu: 0.08 0.08 0.25 % 
VoltageOrrset U,=U,=OV 3.0 10 3.0 10 3.0 10 mV 

TmintoTnw: 3.0 3.0 4.0 mV 
Linearity Error OsU,-U,sIOV 0.1 0.1 0.1 % 

AMPLITUDE PRESET (UP) 
I V Preset Enabled UP tied to -Vs 
Amplirude Accuracy 0.4 2.0 0.4 2.0 0.4 2.0 % 

TaantoTmu: 1.5 1.5 2.0 % 
10V Preset Enabled UP tied to +Vs 
Amplirude Accuracy 0.1 0.55 0.1 0.55 0.1 0.55 % 

Tmin to Tmu 1.0 1.0 1.5 % 

INVERSEINPUTS(ZI & Z2) 
Input Resistance to COM 50 SO 50 Idl 
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AD639A AD639B AD639S 
Parameter Conditions Min Typ Max Min Typ Max MiD Typ Max 

SIGNAL OUTPlIT (W)S RL"'21dl,CLs;IOOpF 
Small Sicnal Bandwidth W to ZI 

CC=O 1.5 1.5 1.5 
Cc=200pF 30 30 30 

S1ewRate CC=O 30 30 30 
Output Voltage Swing :til ±13 :til ±13 :til ±13 
Short Circuit Current 20 30 45 20 30 45 20 30 45 
Output Offset Z, =Z2=0, Up= 10 5 30 5 30 5 30 

TmintoTmu: 10 10 
Z, =Z,=O, Up = IV 20 20 20 
Tmin toT_ 7 7 

VOLTAGE REFERENCE(VR) 
RL",=1.8Idl 

Nominal Output +1.8 +I.S +I.S 
Output Voltage Tolerance 0.05 0.45 0.05 0.45 0.05 0.45 

Tmia to Tmu O.OS O.OS 0.5 0.2 0.6 
Supply Regulation +Vs =5VtoISV ISO ISO ISO 
Maximum Output Current 4 4 4 

GATE 110 (GT) 
Switching Threshold as an Input Output Valid +1.5 +1.5 +1.5 

Output invalid 0.1 0.1 0.1 
VoltageOulpUt Error, RL = 51dl +2.25 +2.25 +2.25 

No Error, RL = 51dl -0.25 -0.25 -0.25 

POWER SUPPLIES 
Operating Range :t5.5 :t18 :t5.5 :t18 :t5.5 :t18 
+ V s Quiescent Current U=X=OV, Y=Vr S.O 11 S.O 11 S.O 11 
- V s, Quiescent Current U=X=OV, Y=Vr 5.5 7.5 5.5 7.5 5.5 7.5 

TEMPERATURE RANGE 
Operating, Rated Performance -25 +S5 -25 +S5 -55 + 125 
Sturage -65 +150 -65 +150 -65 +150 

PACKAGE OPTiON" 
16-PiD Ceramic Sid. Braze DIP (0) AD639AO A0639BO AD639S0 

AD639S0/S838 
Chips AD639 A-Chips 

NOTES 
IIntrinsic accuracy measured at an amplitude Df lOV using external adjustments [0 absorb residual errors in angular scaling, angular offset, amplitude scaling and output offset. 
2Using a time and amplitude symmetric triangular wave of + 3.6V peak~to-pcak and external adjustments to absorb residual erron in angular scaling and d&et. 
3pull scale is defined as the ideal output when the angle input is at either end of tbe limit specifred. 
"Specifications for the X inputs apply for range U= tV to lOV, while the Y input erron are specifically given for U= IV. 
5When driving loads of less than 4k!l, a 25pF capacitor from pin IS to pin 9 avoids possible instability, although this is unnecesury when CL is greater than lSOpF. 
6por outline information sec Package Information section. 

Specifications subject to change without notice. 

SpecifICations shown in boldface are tested on all production units at fmal electrical test. Results from those tests are used to calculate outgoing quality levels. 
AU min and max specifICations are guaranteed, although only those shown in boldface are tested on all production units. Contact the factory fOl' details. 

AD639 

Units 

MHz 
kHz 
VI,,", 
V 
mA 
mV 
mV 
mV 
mV 

V 
% 
% 
,,"VN 
rnA 

V 
V 
V 
V 

V 
mA 
mA 

°C 
"C 
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AD639 

PIN CONFIGURATION METALIZATION PHOTO 

CHIP DIMENSIONS AND BONDING DIAGRAM 
16-PinSideBrazedDIP(Ceramic) Dimensions shown in inches and (mm). 

(D-16) Package Consult factory for latest dimensions. 

+Vs 

cc 

w 

AD639 Z1 

TOP VIEW 
(Not to Scale) Z2 

GT 

UP 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option· 

AD639AD - 25°C to + 85°C Side Brazed Ceramic DIP D-16 
AD639BD - 25°C to + 85°C Side Brazed Ceramic DIP D-16 
AD639A-Chips - 25°C to + 85°C Chips 
AD639SD - 55°C to + 125°C Side Brazed Ceramic DIP D-16 
AD639SD/883B - 55°C to + 125°C Side Brazed Ceramic DIP D-16 

·For outline information see Package Information section. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Separate Chrominance, luminance, and Composite 

Video Outputs 
Drives 750 Reverse-Terminated loads 
No External Filters or Delay Lines Required 
Compact 28-Pin PlCC 
logic Selectable NTSC or PAL Encoding Modes 
logic Selectable Power-Down Mode 

APPLICATIONS 
RGB to NTSC or PAL Encoding 

%~:~~ 
PRODUCT DESCRIPTIONl)~\'\ Ot~_"t 
The AD720 RGB to NTSCIPAL Encoder i~;a Bi 
circuit that converts red, green and blue color cofuii9 g
nals into their corresponding luminance (baseband afbplitude) 
and chrominance (subcarrier amplitude and phase) signals in 
accordance with either NTSC or PAL standards. These two out
puts are also combined to provide a composite video output. All 
three outputs are available separately at voltages of twice the 
standard signal levels as required for driving 75 n reverse
terminated cables. 

RGB to NTSC/PAL Encoder 
AD720 I 

The AD720 provides a complete, fully calibrated function, 
requiring only termination resistors, decoupling networks, a 
clock input at four times the subcarrier frequency, and a com
posite sync pulse. The AD720 also has two control inputs: one 
input selects the TV standard (NTSCIPAL) and the other 
(EN CD) powers down most sections of the chip when the 
encoding funct' i;js not in use. All logical inputs are TTL and 
CMOS co " The chip operates from ±S V supplies. 

fIlters are on chip. After the input signals 
'on RGB to YUV encoding matrix, two 
rs limit the bandwidth of the U and V 

als to 1.2 MHz prior to quadrature modula
blor subcarrier; a third low-pass filter at 3.6 MHz 
.4 MHz (PAL) follows the modulators to limit the 

ent of the output. Delays in the U and V chroma 
hed by an on-chip sampled-data delay line in the 

path; to prevent aliasing, a prefilter at 5 MHz is 
cluded ahead of the delay line and a postfilter at 5 MHz is 

added after the delay line to suppress harmonics in the output. • 
These low-pass fIlters are optimized for minimum pulse 
overshoot. 

The AD720 is available in a 28-pin plastic leaded chip carrier 
for the O°C to + 70°C commercial temperature range. 

FUNCTIONAL BLOCK DIAGRAM 

NTSC/PAL 

CSYNC 

4FSC 

ENCD 

RED 

GREEN 

BLUE 

DELAYED CSYNC 

CLOCK 

'NOTE: 

POWER AND GROUNDS 

+5V -+5V --5V -AGND -DGND -
LOGIC 

ANALOG 

ANALOG ONLY 

ANALOG 

LOGIC 

LUMINANCE OUTPUT" 
-O.572V TO 1.43V NTSC 
-O.6V TO 1.4V PAL 

COMPOSITE OUTPUT" 
-O.572V TO 2V NTSC 
-O.6V TO 2V PAL 

CHROMINANCE OUTPUT" 
572V TO p.p NTSC 
600mV TO p-p PAL 

THE LUMINANCE, COMPOSITE, AND CHROMINANCE 
OUTPUTS ARE AT TWICE NORMAL LEVELS FOR 
DRIVING 75<1 REVERSE·TERMINATED LINES. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD720-SPECIFICATIONS (TA = +25°C and Supplies:l:5 V unless otherwise noted) 

Parameter Conditions Min Typ Max Units 

SIGNAL INPUTS 
(RDIN, GRIN, BLIN) 

Input Amplitude NTSC 714 mV 
PAL 700 mV 

Input Resistances' 
RDIN with Respect to AGND 6 kG 
GRIN with Respect to AGND 15 ill 
BLIN with Respect to AGND 3 kG 
Input Capacitance 5 pF 

LOGIC INPUTS 
(C-SYNC, 4FSC, ENCD, NTSC) 

Logic LO Input Voltage V 
Logic HI Input Voltage V 
Logic LO Input Current 20 !lA 
Logic HI Input Current 100 !lA 

VIDEO OUTPUTS2 

(LUMA, CRMA, CMPS) 
Luminance (LUMA) Output 

Bandwidth 5 MHz 
Gain Error ±1 % 
Linearity ±O.I % 

Chrominance (CRMA) Output 
Bandwidth NTSC 4 MHz 

PAL 5.5 MHz 
Color Burst Amplitude NTSC 286 mV 

PAL 300 mV 
Absolute Gain Error ±5 % 
Absolute Phase Error ±3 Degree 

ChromaiLuma Time Alignment3 NTSC -170 ns 
Composite Output 

Differential Gain ±5 % 
Differential Phase ±5 Degree 

Output Offset Voltage Chroma, Luma, or Composite Outputs ±50 mV 
Chroma Feedthrough Monochrome Input 20 mV 

POWER SUPPLIES 
(APOS, DPOS, VNEG) 

Recommended Supply Range Dual Supply ±4.5 ±5.5 V 
Zero-Signal Quiescent Current -5 V Supply 17 mA 

+5 V Supply 17 mA 
Full-Output Quiescent Current' -5 V Supply 35 mA 

+5 V Supply 67 mA 

NOTES 
lInput scaling resistors provide best scaling accuracy when source resistance is 37.5 n .(75 n reverse-terminated input). 
'All outputs.!Ire measured at a reverse-terminated load; voltsges at IC pins are twice those specified here. 
'This is a predistortion (per FCC specifications) that compensates for the chromalluma delay in the low-pass fLlter that separates the luminance and chrominance 
signals in a television receiver. 

"eRMA, LUMA,and CMPS outputs are all connected to 75 n reverse-terminated loads; full-white signal for entire field. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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PIN CONFIGURATION 

Q 
~ " z w 

~ u u U 0- U S; Z Z Z .. z 

ENCD DGND 

RDIN SYNC 

AGND AD720 DPOS 
RGB TO NTSC/PAL 

GRIN ENCODER DGND 

AGND DPOS 

4FSC 

DGND 

Q .. II) II) II) 
Z :E 0 0- ~ " a: 0- :E .. u .. u .. 

WHEN TRAILING EDGE OF THEN COLOR BLUST 

~'I-I~-I ~\"i 
START 
CLOCK ---------------I.~ ~~.:~ 

("'2"36)1(4'"3.56 MHz) = 5.31",8 (53 CLOCK CYCLES 
PAST 31.75~s POINT) 

ALL TIMING 
RELATIVE 
TO THIS EDGE 

TRAILING C-SVNC EDGE WITHIN THIS 
36 CLOCK WIDE WINDOW IS TREATED 
AS A REGULAR SYNC PULSE. TRAIUNG EDGES 
OUTSIDE THIS WINDOW ARE TREATED AS 
EQUALIZING OR BLANKING PULSES. 

NTSCTiming 

AD720 

PIN DESCRIPTIONS 

ENCD 

STND 

4FSC 

SYNC 

RDIN 

GRIN 

A logical low level powers down chip when 
not in use 

A logical high level input selects NTSC encoding; 
A logical low level selects PAL encoding 

Clock input at at four times the subcarrier frequency 

Input pin for composite television synchronization 
pulses 

mponent Input 

ce Output (Subcarrier Only) 

'te Video Output 

nce Plus SYNC Output 

alog Ground Connections (4) 

igital Ground Connections (3) 

alog Positive Supply (+5 V ± 5%) (3) 

Digital Positive Supply ( + 5 V ± 5%) (2) 

System Negative Supply (-5 V ± 5%) (2) 

WHEN TRAIUNG EDGE OF THEN COLOR BLUST 

~"j-:"',-rl :\, 
START 
CLOCK 

STOP COUNT 
---------------I.~ AT32.53IJS 

(17+2"'40)/(4"4.43MHz) = 5A7J.1s (9.5 CLOCK CYCLES 
PAST31.75J.1sPOINT) 

ALL nMING 
RELATIVE 
TO THIS EDGE 

~ 

TRAILING c.5VNC EDGE WfTHIN THIS 
40 CLOCK WIDE WINDOW IS TREATED 
AS A REGULAR SYNC PULSE. TRAILING EDGES 
OUTSIDE THIS WINDOW ARE TREATED AS 
EaUAUZING OR BLANKING PULSES. 

PAL Timing 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD720 - Typical Application 

ENCODE - ... -----1 

VIDEO 
INPUTS 

R-....... ----i 

G-t~----I 

NTSC/PAL -.------' 

ALL CAPACITORS ARE 
O.l~FCERAMIC 

+5V -5V 

AD720 
RGB TO NTSC/PAL 

ENCODER 

f--..... --- C·SVNC 
FB 

f--~-iD-- +5V 

- ..... f---4FSC 

TIMING 
INPUTS 

OUTPUTS 
COMPOSITE ] ENCODED 

=I"'~1;l~~-:"II/I.---I" CHROMINANCE 

+5V -5V 

Encoded Outputs 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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~ANALOG 
WDEVICES 

FEATURES 
16 Selectable Frequencies 

216 MHz max ECl Output 
54 MHz max TTL Output 

low Output Jitter 
low Cost 
Mask Programmable Frequencies 
Single Reference Crystal or TTL Clock 
Standard MPU Interface 
Bt458 Compatible Reset 
+5 Volt Supply 
20-Pin SOIC Packaging 

PRODUCT DESCRIPTION 
The AD730 Programmable Clock Gener 
solution for providing up to 16 output fre 
quencies of greater than 216 MHz are realizable 
excellent jitter performance. The available output f s 
are determined through a "Personalization Mask Option." The 
AD730-1 has been personalized to provide the following fre
quencies with a 6.75 MHz reference crystal: 

47.25 MHz 
64.125 MHz 
94.50 MHz 

118.125 MHz 
189.00 MHz 

54.00 MHz 
74.250 MHz 

108.00 MHz 
135.00 MHz 
216.00 MHz 

Programmable 
Clock Generator 

AD730 I 
Other frequencies may be personalized on an AD730 using the 
following algorithm: 

M 
fouT = fREFN 

where: N = I or 2 
M=lto64 

cy is selected through a standard MPU inter
a new frequency, the ECL output is glitch 

ansition. To ensure compatibility with video 
provides pipeline setup sequencing during 

ching. In addition to supplying the ECL 
requency, the AD730 provides a divide by 4 and 
TL outputs. 

excellent power supply rejection are achieved by 
on to layout and the use of an active integrator in 

fllter. The only external components required are a ref
rence crystal and three passive components for the PLL loop 

fllter. 

The AD730 will be available in a 20-pin SOIC package and is 
specified to operate over the O°C to + 70°C commercial tempera
ture range. However, evaluation samples are available in a 
20-pin side brazed package. 

FUNCTIONAL BLOCK DIAGRAM 

00-03 

R/W-

cs-

ClKIN 

TESTOUT 

1Tl. OUT 

ECLOUT_ 

ECLOUT+ 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD730-SPECIFICATIONS 
PROGRAMMABLE CLOCK GENERATOR (o·c oS TA oS 711"C, 4.65 oS Vee oS 5.25) 

Parameter 

CLOCK FREQUENCY (ECL) 
Jitter 
Jitter 
Jitter 
Jitter 
Jitter 
Jitter 
Jitter 
Jitter 
Jitter 
Jitter 

CLOCK FREQUENCY (TILl 
Jitter 

REFERENCE CLOCK INPUT 
Input Frequency 
VIH 

V1L 

REFERENCE VOLTAGE2 

Output Voltage 
Max SDurce Current 
Max Sink Current 

CLOCK OUTPUT (ECL) 
VOH 

VOL 

IOH 
Rise Time 
Fall Time 
Duty Cycle Asymmetry 
Output Frequency Range 

CLOCK OUTPUT (TIL) 
VOH 

VOL 

IOL 
Rise Time 
Fall Time 
Duty Cycle. Asymmetry 
Output Frequency Range 

CONTROL BUS LOGIC 
V1H 

V1L 

NOTES 

Conditions 

See NDte 1 
fOUT = 47.25 MHz (divide ratiDs = 28/4) 
fOUT = 54.00 MHz (divide ratiDs = 3214) 
fOUT = 94.50 MHz (divide ratiDs = 5614) 
fOUT = 108.00 MHz (divide ratiDs = 6414) 
fOUT = 118.125 MHz (divide ratiDs = 140/8) 
fOUT = 135.00 MHz (divide ratiDs = 80/4) 
fOUT = 189.00 MHz (divide ratiDs = 112/4) 
fOUT = 216.00 MHz (divide ratiDs = 128/4) 
fOUT = 64.125 MHz (1024 x 768 @ 60 Hz) 
fOUT = 74.250 MHz (1024 x 768 @ 70 Hz) 

See NDte 3 
See NDte 3 

See NDte 3 
See NDte 3 
See NDte 3 

See NDte 4 
See NDte 4 
See NDte 4 

CS-, DO, Dl, D2, D3, R/W-

Min 

1.215 
1.0 
300 

4.04 
3.15 
10.5 
1.3 
1.3 
-10 
47.25 

2.4 

-20 
11.8 

2.0 

Typ 

250 
250 
175 
175 
175 
175 
125 
125 
250 
250 

250 

6.75 

Max 

500 
500 
350 
350 
350 
350 
250 
250 
500 
500 

0.8 

1.255 

4.19 
3.35 

2.0 
2.0 
+10 
216 

0.4 
-2.0 
4 
4 
+20 
54 

0.8 

Units 

pS rms 
ps rms 
ps rms 
ps rms 
ps rms 
ps rms 
ps rms 
ps rms 
ps rms 
ps rms 

ps rms 

MHz 
V 
V 

V 
rnA 
.,.A 

V 
V 
rnA 
ns 
ns 
% 
MHz 

V 
V 
rnA 
ns 
ns 
% 
MHz 

V 
V 

'a. Jitter is measured by triggering on the output clock, delayed 16 fIoS and then measuring the time period from the trigger edge to the next edge of the output 
clock after the delay. This measurement is repeated multiple times and then the RMS value is determined. 

'b. The V co gain is 100 MHzIV (±40% tolerance). The charge pump current is 200 ,..A peak. 
'The reference voltage will be trimmed within limits specified at Trim & Probe. However, we are not certain if these limits can be maintained when the part has 
been packaged. Initial silicon samples will determine what limits are achievable. 

'EeL Output specifications are determined with the following load conditions: each output has a 330 n pull·down resistor to ground and a 220 n pull-up resis
tor to Vee-

'TTL output rise time/fall time is determined with a 10 pF load. Rise time/fall time is defmed as the 10% to 90% point. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no. obligation regarding future manufacture unless otherwise agreed to in writing. 
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TIMING (DOC :S TA :S 70°C, 4.65 :S Vee :S 5.25) 

Parameter 

TIMING 
R/W- Setup Time 
R/W- Hold Time 
CS- Low + High Time 
CS- High Time 
CS - Asserted to Data Driven 
CS- Asserted to Data Valid 
CS- Negated to Data Tristated 
Write Data Setup Time 
Write Data Hold Time 

Conditions 

Timing Diagram - 1 
Timing Diagram - 2 
Timing Diagram - 3 
Timing Diagram - 4 
Timing Diagram - 5 
Timing Diagram - 6 
Timing Diagram - 7 
Timing Diagram - 8 
Timing Diagram - 9 

RIW-_~=I=~ ____ ~' 
cs-------.J 

Timing Diagram 

POWER SUPPLIES (DOC :S TA < 70°C, 4.5 V :S Vee :S 5.5 V) 

Parameter Conditions 

Supply Voltage Vee 
Quiescent Current Icc 
Power Dissipation 

ABSOLUTE MAXIMUM RATINGS' 

Parameter Conditions 

Supply Voltage Vee 
Storage Temperature Range 
Operating Temperature Range2 

Lead Temperature Range Soldering 60 Sec 

NOTES 

Min 

o 
15 
70 
25 
10 

Min 

4.5 

Min 

-65 
0 

Typ Max 

75 
25 

ORDERING GUIDE 

Wide Body 20-Pin SOIC 

Typ Max 

5 5.5 
62 
310 

Typ Max 

7.5 
150 
70 
300 

AD730 

Units 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Package Option* 

R-20 

Units 

V 
rnA 
mW 

Units 

V 
°c 
°c 
°c 

'Stresses above those listed under "Absolute Maximum Ratings" may cause permanem damage to the device. This is a stress rating only, and functional opera
tion of the device at these or any other condition above those indicated in the operational section of this specification is not implied. Exposure to absolute rating 
conditions for extended period may affect device reliability. 

'20-pin SOIC package AJA = IOO°CIW. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD730 

FREQUENCY SELECT REGISTER ASSIGNMENTS 

fOUT 

D3 D2 Dl DO ECL TTL 

0 0 0 0 47.25 11.8125 MHz 
0 0 0 1 54.00 13.50 MHz 
0 0 1 0 94.50 23.625 MHz 
0 0 1 1 108.00 27.00 MHz 
0 1 0 0 118.125 29.53 MHz 
0 1 0 1 135.00 33.75 MHz 
0 1 0 189.00 47.25 MHz 
0 1 1 216.00 54.0 MHz 

0 MHz 
0 MHz 
0 med 
0 
1 
1 
1 
1 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD730 

00 02 03 

>----__ -(4 TESTOUT 

RIW-

CS-

ECLOUT+ 

AD730 

Pin Description 

01 D2 Frequency Select Bit 2 2nd MSB of four frequency select pins. 
02 D3 Frequency Select Bit 3 MSB of four frequency select pins. 
03 TILoUT TTL Clock Output TTL Output TIL output frequency is one quarter of ECL output 

frequency. Output is actively driven high and low. It does not 
require a pull-Up resistor. 

04 TESToUT Test Output TTL Output This is the ECL output divided by 64. Allows for in-circuit 
functional testing. 

05 CLKIN Crystal Oscillator Input TTL Input 6.75 MHz Reference Crystal or Crystal Oscillator. 
06 DVce Digital Vce Power V ce for CMOS logic and TIL output. 
07 DGND Digital Ground Power Ground for CMOS logic and TIL output. 
08 EVee ECL Vee Power Vce for ECL Clock Output. Decoupling with 0.1 fLFIIO.OI fLF 

required. 
09 ECLouT_ ECL clock output (negative) ECL Output ECL output referenced to Vee. 
10 ECLouT+ ECL clock output (positive) ECL Output ECL output referenced to V ce. 
11 VREFOUT 1.235 V Bandgap Reference Analog Voltage reference for video DAC. 
12 FILTREF Loop Filter Reference Analog An external capacitor allows adjustment for optimal loop noise 

performance. 
13 FILTERB PLL Filter Analog External loop filter. Apply PLL filter to FILTERB. 
14 FILTERA PLL Filter Analog External loop filter. Apply PLL filter to FIL TERA. 
15 AGND Analog Ground Power Ground for PLL. 
16 AVee Analog Vee Power V ce for PLL. Decoupling with 0.1 fLFIIO.OI fLF required. 
17 CS- Chip Select TTL Input Negative edge latches state RIW -. Positive edge latches state 

of DO, Dl, D2, D3. 
18 RIW- Read or Write to Data Bus TIL Input State is latched on negative CS-. Low for writing to and high 

for reading from the frequency select register. 
19 DO Frequency Select Bit 0 TIL I/O LSB of four frequency select pins. 
20 Dl Frequency Select Bit 1 TTL I/O 2nd LSB of four frequency select pins. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD730 
THEORY OF OPERATION 
START-UP OPERATION 
An internal power on reset function is provided in the AD730. 
Upon power-up, the device will reset to a fixed output fre
quency. This frequency is the lowest frequency output available 
-47.25 MHz. This frequency can also be obtained during nor
mal operation by loading an all "O"s pattern (DO-D3) into the 
frequency select register. 

CONTROL INTERFACE 
The timing and operation of the digital interface is defined as 
the standard MPU interface. The state of the RIW - signal is 
latched on the falling edge of CS-. This determines whether 
one is reading the current selected output frequency from the 
device or writing a new output frequency to the device. During 
a read operation, on the falling edge of CS-, the content of the 
frequency select register is driven onto the four data lines 
(DO-D3). On the rising edge of CS-, while writing, the four 
data inputs (DO-D3) are latched into the frequency select regis
ter. The content of the frequency select register dete . 
which one of sixteen possible output frequencies 
ated. The AD730-l has only ten frequencies ~ 
the device (see Frequency Select Register Assig"f:u 

RESET FUNCTION 
Two programmed reset modes are supported. The first 
invoked by loading an all "l"s pattern (DO-D3) into the fre
quency select register. This reset function causes the main PLL 
oscillator to synchronously halt with the ECL output in the high 
state. When the frequency select register reprogrammed to a 
valid output frequency (see Frequency Select Register Assign
ments Table), the oscillator is released. Short duration clock 
half- cycles are avoided, both when entering and leaving this 
reset mode. 

The second reset occurs each time the frequency select register 
is reprogrammed to a new frequency. This reset is intended to 
set the pipeline delay of the Bt458 video DAC. When a new fre-

quency is programmed, the ECLoUT(+) and ECLoUT(_) are 
stopped with the ECLoUT(+) high and ECLoUT(-) low for four 
rising edges of the TTLouT clock. On the fourth rising edge of 
the TTLouT clock, the ECLoUT clock is synchronously 
released (see Figure 1). 

EeL OUT. J1IUlIU..-------------....,LI1I1.Il.. 
TTL OUT 

Figure 1. 

REFERENCE CLOCK INPUT 
The reference clock input, CLKIN, will accept either a standard 
TTL input or serve as a single pin oscillator by applying a 
< 10 MHz crystal. 

ECL output, referenced to Vee, that is 
to 216 MHz. This output contains cir
ooth transition during changes in the 
lCaIly, in order to prevent a short cycle 

e circuit checks the state of the output when a 
c is written to the device in order to prevent a 

ccurring during frequency transitions. When 
the correct state, a glitch free transition in 

compatible, divide by 4 and 64, outputs are also provided, 
TTLouT and TEST OUT respectively. 

GROUNDING 
Proper grounding and decoupling should be a primary design 
objective when working with PLL circuits. Separate analog and 
digital supplies are present on chip, but it is recommended that 
there be one common analog and digital ground plane. This 
approach is less difficult to design, and it will produce good 
results. Decoupling of the analog power pins (Pins 8 and 16) 
should contain a 0.1 I1F capacitor in parallel with a 0.01 I1F 
capacitor. 

Figure 2. Typical Application 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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11IIIIIIII ANALOG 
WDEVICES 

Clock Recovery and Data Retiming 
Phase-Locked Loop 

FEATURES 
Clock Recovery Center Frequency: 

20 MHz to 155 MHz, Factory Programmable 
Fractional loop Bandwidth: 0.01% to 1% Bit Rate, 

Factory Programmable 
Accepts NRZ Data, No Preamble Required 
Recovered Clock and Retimed Data Outputs 
Phase-locked loop Type Clock Recovery-No Crystal 

Required 
Random Jitter: 20° Peak-to-Peak 
Pattern Jitter: Virtually Eliminated 
10KH ECl Compatible 

PRODUCT DESCRIPTION 
The AD8001 AD802 provides clock recovery and data retiming 
from an NRZ encoded data stream. The factory trims the center 
frequency of the veo to guarantee loop capture range and 
tracking range over the operating temperature range. This elimi
nates a reliance on external components for center frequency 
setting. 

The AD800/AD802 acquires frequency and phase lock on input 
data using two control loops. The frequency acquisition control 
loop initially acquires the clock frequency of the input data, 
without the need for a vexo. At frequency lock, the frequency 
error is zero, and the frequency detector has no effect. The 
phase acquisition control loop then works to ensure that the out
put phase tracks the input phase. The AD800/AD802 requires 
no control input for the different types of acquisitions. 

The device will acquire to random or scrambled data; no pream
ble is required. The veo provides a clock output within ±20% 
of the nominal system frequency in the absence of input data 
transitions. The AD800/AD802 typically dissipates 750 mW and 
is specified to operate from a single -5.2 V supply. 

AD800/AD802 I 
FUNCTIONAL BLOCK DIAGRAM 

RECOVERED 
1----1-.. CLOCK 

OUTPUT 

I Lltib~~~~~il RETIMED ~ 1-------. DATA 
AD800/AD802 OUTPUT 

1~~~:::::::::::::::::::::::::j~FRAC L! OUTPUT 

requency detector provides a frequency acquisition 
RAC) output, which indicates when the device is acquiring 

frequency lock. During the frequency acquisition process this 
output is a series of pulses that occur at the points of cycle slip 
between the data frequency and the recovered clock. Once the 
device has acquired frequency lock, no pulses appear at the 
FRAe output. 

The user sets the acquisition time of the AD8001 AD802 by 
choosing a capacitor whose value determines loop damping. A 
loop damping factor of 5 corresponds to an acquisition time of 
1 x 106 bit periods, and a loop damping factor of 1 corresponds 
to an acquisition time of 1 x 10' bit periods. 

The AD800/AD802 exhibits virtually no pattern jitter due to its 
phase detector (patented). AD802-155 total loop jitter measures 
20° peak-to-peak. 

Refer to the Ordering Guide for devices. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD800/AD802 - SPECIFICATIONS ~~~: O~h~~~~eY~~t:..)GND, TA = 25°C, Loop Damping Factor = 5, 

AD8oi·155KR 
Parameter Condition Min Typ Max Units 

NOMINAL CENTER FREQUENCY 155.52 MHz 

TRACKING RANGE 140 170 Mbps 
T MIN to T MAX' V MIN to V MAX 155 156 Mbps 

CAPTURE RANGE 140 170 Mbps 
T MIN to T MAX' V MIN to V MAX 155 156 Mbps 

STATIC PHASE ERROR p = 1 10 30 Degrees 
p = 1, TMIN to T MAX' VM1N to VMAX 10 30 Degrees 

TRANSITIONLESS DATA RUN 240 Bit Periods 
T MIN to T MAX' V MIN to V MAX 240 Bit, Periods 

OUTPUT JITTER p = 1 2.3 Degrees rms 
27 -1 PRN Sequence 3.3 Degrees rms 
223-1 PRN Sequence 3.3 Degrees rIDS 
p = 1, TMIN to T MAX' V 5 Degrees rms 
27 -1 PRN Sequen 5 7 Degrees rms 
223 _1 PRN 5 7 Degrees rms 

JITTER TOLERANCE 20,000 Unit Intervals 
80 Unit Intervals 
2 Unit Intervals 
20,000 Unit Intervals 
80 Unit Intervals 
2 Unit Intervals 

JITTER TRANSFER 
Damping Factor (Nomina1) CD = 2.2 nF 1 , (no units) 

Co = 0.047 ftF 5 , (no units) 
CD = 0.22 ftF 10 , (no units) 

Peaking ,= 1 2 dB 
,= 5 0.08 dB 
, = 10 0.02 dB 

Bandwidth T MIN to T MAX' V MIN to V MAX 130 kHz 

ACQUISITION TIME , = 1,27-1 PRN Sequence 1 x 10' Bit Periods 
, = 5,27 -1 PRN Sequence 1 x 10" 1.5 X 10" Bit Periods 
, = 10, 27-1 PRN Sequence 1 x 10" Bit Periods 

POWER SUPPLY 
Voltage (VM1N to VMAX) -4.5 -5.2 -5.5 Volts 
Current 140 170 mA 

T MIN to T MAX' V MIN to V MAX 180 mA 

INPUT VOLTAGE LEVELS VMIN to VMAX 
Input Logic High, VIH -1.084 -0.720 Volts 
Input Logic Low, VIL -1.95 -1.594 Volts 

OUTPUT VOLTAGE LEVELS VMIN to VMAX 

Output Logic High, VOL -1.084 -0.72 Volts 
Output Logic Low, VOH -1.95 -1.60 Volts 

INPUT CURRENT LEVELS VMIN to VMAX 

Input Logic High, IIH 25 62 J11\ 
Input Logic Low, IlL 15 39 /LA 

OUTPUT SLEW TIMES VMIN to VMAX 
Rise Time (tR) 20%-80% 0.75 1.5 ns 
Fall Time (tF ) 80%-20% 0.75 1.5 ns 

SYMMETRY p = 112 
Recovered Clock Output 45 55 % 

Specifications subject to change without notice. 
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AD800/AD802 
ABSOLUTE MAXIMUM RATINGS* *Srresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only; functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to an 
absolute maximum rating condition for an extended period may adversely 
affect device reliability, 

Supply Voltage ............................ -6 V 
Input Voltage (Pin 16 or Pin 17 to Vecl .... VEE to +300 mV 
Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 

Device 
Center 
Frequency 

ORDERING GUIDE 

Fractional Loop 
Bandwidth Description 

Operating 
Temperature 

Package 
Option* 

AD802-155KR 155.52 MHz 0.08% O°C to + 70°C R-20 

*For outline information see Package Information section. 

1 

2 

3 
4 

5 ntial Recovered Clock Output 

6 VEE Digital VEE 
7 VEE Digital VEE 
8 Vee! Analog Ground 

9 AVEE Analog VEE 
10 ASUBST Analog Substrate 

11 CF2 Loop Damping Capacitor Input 

12 CF! Loop Damping Capacitor Input 

13 AV= Analog Ground 

14 Vee! Analog Ground 

15 VEE Digital VEE 
16 DATAIN Differential Data Input 

17 DATAIN Differential Data Input 

18 SUBST Digital Substrate 

19 FRAC Differential Frequency Acquisition 
Indicator Output 

20 FRAC Differential Frequency Acquisition 
Indicator Output 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD800/AD802 - Typical Characteristics 
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ADB02-155 Center Frequency vs. Temperature 

i 
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TEMPERATURE _ °C 
70 80 

ADB02-155 Capture Range, Tracking Range vs. 
Temperature 
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B 

" 
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JITTER FREQUENCY 

A: AD802·155 JITTER TOLERANCE, 2' -1 PRN SEQUENCE INPUT 
B: CCITT 0958 STM1 TYPE A JITTER TOLERANCE MASK 

Jitter Tolerance 
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1IIIIIIII ANALOG 
WDEVICES 

Clock Recovery and Data Retiming Phase
Locked Loop with Flat Jitter Response 

FEATURES 
155 Mbps Clock Recovery and Data Retiming 
Flat Jitter Response 
Acquisition: 40 Bit Periods 
Accepts NRZ Data without Preamble 
Single Supply Operation 
ECL 10 KH Input and Output Levels 
Random Jitter: 2° rms 
Pattern Jitter: Virtually Eliminated 

APPLICATIONS 
Clock Recovery and Data Retiming for Sonet ST 

(155.52 MHz) 
155 Mbps Data Deskewing 
Large Factor Frequency Multiplica 

PRODUCT DESCRIPTION 
The AD805 provides truly flat jitter response clock recovery and 
data retiming from an NRZ-encoded data stream in conjunction 
with a VCXO operating at l55.52 MHz. The device uses lO KH 
ECL levels and consumes 350 mW from a -5.2 V power sup
ply. The VCXO is the only external component required. 

The AD805 employs an architecture (patented) that guarantees a 
flat jitter transfer function, that is, no jitter peaking. The jitter 
peaking associated with traditional PLL-based clock recovery 
and data retiming circuits places an upper limit on the number 
of PLL-based regenerators in a path. 

The AD805 also exhibits virtually no pattern jitter «OS p-p) 
due to a newly developed phase detector (patented). 

The clock recovery and data retiming application for the AD805 
requires a VCXO with a gain of 1 Mrad/v-s, a positive slope, 
and a modulation bandwidth greater than 100 kHz. The AD805 
tolerates wideband input jitter while simultaneously attenuating 
high frequency jitter in this application. The circuit acquires 
lock quickly (in 40 bit periods), unlike traditional PLL-based 
circuits, and provides a clock output even in the absence of 
input data, unlike Surface Acoustic Wave (or other resonant) 
fIlter based circuits. 

AD805 I 
PIN CONFIGURATION 

20-Pin Ceramic DIP (D) Package 

VCXO 

vcxo 

VEE 

Vee, 

AVec 

12 vcxo CONTROL 

NOTES: 
·PINS 6 AND 18 ARE DIGITAL SUBSTRATE AND SHOULD BE CONNECTED 

TO PINS 7 AND 15, WHICH ARE DIGITAL VEE' 
• PIN 10 IS ANALOG SUBSTRATE AND SHOULD BE CONNECTED TO PIN 9, 

WHICH IS ANALOG VEE' 

The AD805 can be used for deskewing data, that is, retiming 
the data to a reference clock. The AD805 will deskew data that 
differs ± 1/2 unit interval. The device's high operating fre
quency, low jitter, and unique phase detector make it suitable as 
a building block for such demanding phase-lock loop applications 
as frequency multiplication by a large factor (e.g., 19.44 MHz 
multiplication by eight to 155.52 MHz). 

The AD805 is specified for operation over the industrial temper
ature range of -40°C to + 85°C, and is available in 20-pin SOIC 
or side-brazed ceramic DIP. 

Consult the factory for availability of the AD805 for other bit 
rates. 

DATA 
IN 

AD805 

RECOVERED 
L---------~CLOCK 

L----------~REnMED 
DATA 

Clock Recovery and Data Retiming Application 
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AD805-SPECIFICATIONS (VEE = -5.2 V, fA;" H5°Cunless otherwise Doted) 

Parameter Condition 

TRACKING RANGEl 

STATIC PHASE ERROR p = 12 

CLOCK PHASE DRIFT3 20 Bit Periods 
60 Bit Periods 

JITTER p = 1 
p = 112 
27-1 PRN Sequence 
223_1 PRN Sequence 

JITTER TOLERANCE SOO Hz 
6.S kHz 
6S kHz 
1.3 MHz 

JITTER TRANSFER 
Peaking 
Bandwidth 

ACQUISITION TIME4 

POWER SUPPLY 
Voltage 
Current 

INPUT VOLTAGE LEVELS 
Input Logic High, VIH 
Input Logic Low, VIL 

OUTPUT VOLTAGE LEVELS VEE = -S.2, Va:. = GND 
Output Logic High, VOH 
Output Logic Low, VOL 

INPUT CURRENT LEVELS VEE = -S.2, Va:. = GND 
Input Logic High, IIH 
Input Logic Low, IlL 

OUTPUT SLEW TIMES 
Rise Time (tJJ 20%-80% 
Fall Time (tF) 80%-20% 

SYMMETRY (DUTY CYCLE)s p = 112 
Recovered Qock Output 

NOTES 
'Tracking Range: VCXO characteristics determine tracking !"linge. 
'p: input dsta transition density, (O<p<I). 

Min Typ 

23 

2 
2 
2 

IS 
3 

.5 

70 

-0.98 
-1.9S 

2S 
IS 

I.S 
I.S 

'Clock Phase Drift: This parameter is measured with input data without transitions for the given number of bit periods. 
4 Acquisition Time: This parameter is measured with a control voltage within its extremes. 

Ahx Units 

TBD Degree 

0.72 Degree 
2.2 Degree 

TBD Degree rms 
Degree rms 
Degree rms 

TBD Degree rms 

Unit Intervals 
Unit Intervals 
Unit Intervals 
Unit Intervals 

0 dB 
kHz 

40 Bit Periods 

-S.S Volts 
TBD rnA 

-0.81 Volts 
-1.63 Volts 

-0.81 Volts 
-1.63 Volts 

62 vA 
39 fl-A 

ns 
ns 

SI % 

5Symmetry is calculated as (100 x on time)/period, where on time equals the time that the clock signal is greater than the midpoint between its "0" level and its 
"I" level. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS· 
Supply Voltage (Relative to Vee) ............... -7.5 V 
Input Voltage (Pins 19 or 20 to VEE) .... -3 V to +300 mV 
Storage Temperature Range ........... -65°C to + 150°C 
Ambient Temperature Range 

Rated Performance ................ -40°C to +8SoC 
Lead Temperature (Soldering 60 sec) ............ +300°C 

* A stress beyond any absolute maximum rating may cause permanent damage to 
the device. An absolute maximum rating is a stress rating only; functional 
operation of the device at or beyond an absolute maximum rating is not 
implied. Exposure to any absolute maximum rating condition for an extended 
period may adversely affect device reliability. 

PIN CONFIGURATION 

20·Pin Ceramic DIP (D) Package 

SUBST 

vcxo 

vcxo 

AVec 

AD805 

vcxo CONTROL 

PINS 6 AND 18 ARE DIGITAL SUBSTRATE AND SHOULD BE CONNECTED 
7 AND 15, WHICH ARE DIGITAL VEE' 

ANALOG SUBSTRATE AND SHOULD BE CONNECTED TO PIN 9, 
IS ANALOG VEE' 

This information applies to a product under development. Its characteristics and specification6 are subject to change without notice. 
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AD805 
THEORY OF OPERATION 
The ADS05 (patented) is a phase-locked loop circuit for recov
ery of clock from an NRZ-encoded data stream. Figure 1 is a 
block diagram of the device shown with an extetnal VCXO. 
Note that the ADS05 employs a voltage controlled phase shifter 
(VCPS). This element implements the zero that is required to 
stabilize any second-order loop, but places it in the feedback 
path so that the zero does not appear in the closed-loop transfer 
function. Jitter peaking in conventional PLLs is caused by the 
presence of this zero in the closed-loop transfer function, and 
the AD80S, therefore, is free of this problem. 

Placing the zero in the feedback path results in 'a number of 
other advantages: the closed-loop bandwidth (which controls 
jitter fIltering) and the loop transmission crossover frequency 
(which controls acquisition) can be very different. That is, the 
ADSOS's architecture simultaneously accommodates exception
ally low closed-loop bandwidths for good jitter fIlteting and 
large crossover frequencies needed for rapid acquisition. The 
AD805 thus typically acquires in 40 bit periods while 
a closed-loop bandwidth that is only 100 ppm 

Jitter caused by variations in data transition 
ter) is virtually eliminated by the use of a new 
(patented). Briefly, the measurement of zero phase e 
not cause the VCXO phase to increase above the aver 

rate set by the data frequency. The peak-to-peak pattern jitter 
created by a 27-1 pseudorandom code is less than one-half 
degree, and is not detectable against the random background 
jitter of approximately 2° rms. 

The bandwidth of the ADSOS is mask-programmable. The nom
inal closed-loop bandwidth and crossover frequency are chosen 
to be compatible with the requirements of a wide variety of sys
tems, such as those conforming to SONET OC-3 specifications. 
Contact the factory for othet requirements. 

RECOVERED 
'---------i+CLOCK 

JtI1-1~IIi:"""-.::=========J'~RETIMED DATA 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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r.ANALOG 
WDEVICES 

FEATURES 
Full-Scale Measurement Range: ±50 g 
Self-Test on Digital Command 
Single SupplV Operation: +5 V to +24 V 
Output Range: 0.25 V to 4.75 V 
Accuracv of Span: 8% over -55°C to +125°C 
Uncommitted Output Amplifier for Custom Scaling 

and Zero-g Level Adjustment 
Programmable Bandwidth: DC up to 1 kHz 
Additional Filtering: 2-Pole with External Passive 

Components 
High Shock Survival: >2000 g Unpowered 

APPLICATIONS 
Crash Detection for Airbag Deplo 

Retraction 
Vibration Analvsis and Cancellation'" 
Measurement, Characterization and Instru 

e.g., Crash Dummies 

GENERAL DESCRIPTION 
The ADXL50 is a monolithic accelerometer which combines a 
polysilicon micromachined sensor with signal conditioning and 
signal processing circuitry. It is capable of measuring both posi
tive and negative acceleration in the ± 50 g range, offering a 
bandwidth of dc up to I kHz. 

The ADXL50 uses a capacitive measurement scheme. The ana
log output is directly proportional to acceleration, and is fully 

'Patents pending. 

Monolithic Accelerometer 
with Signal Conditioning 

ADXL50* I 
PIN CONFIGURATIONS 

(TO-IOO Metal Can) 

REF OUT 

PRE·AMP 

OUT.Vp" 

scaled, referenced and temperature compensated resulting in 
high accuracy and linearity over the automotive temperature 
range. 

A digitally commandable self-test allows the sensor beam to be 
electrostatically deflected at any time, producing an output volt
age which corresponds to the - 50 g output of a healthy sensor 
beam. 

FUNCTIONAL BLOCK DIAGRAM 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. a SPECIAL FUNCTION COMPONENTS 7-27 



APXL50 ~SPECIFICATIONS ITA = +25°C and Ys = +5 V. unless otherwise noted.) 

Parameter Test Conditions Min Typ Mo Units 

INPUT 
Measurement Rangel TMINtoTMAX -50 +50 g 
Transverse Sensitiyity TMlNto TMAX 2 % 

PREAMPLIFIER 
Zero-g Output Applied Acceleration = 0 g 1.75 1.80 1.85 V 
Sensitivity 20 mV/g 
Full-Scale OutpUt Span Applied Acceleration = -50 g to +50 g 0.8 2.80 V 
Output at Self-Test2 Pin 7 = "High" 0.80 V 
Voltage Noise6 At Bandwidth = 0.3 kHz ±0.33 %FS 

At Bandwidth = 1.0 kHz ±0.6 %FS 

UNCOMMITIED AMPLIFIER 
Input Offset Voltage TMlNto TMAX ±10 mV 
Input Bias Current TMlNtoTMAX 10 nA 
Open-Loop Gain dB 
OutpUt Swing No OutpUt Load Vs-O.l V 
Output Swing OUtput Current = 100 4.75 V 
Capacitive Load 1000 pF 

ACCURACY 
Initial Accuracy 5 %FS 
Over!ill Accuracy of Span TMlN 8 %FS 

LINEARITY 
Overall Linearity 0.5 %FS 

FREQUENCY RESPONSE 
Bandwidth3 CI = 25 nF (See Figure 1) 1 kHz 
Resonant Frequency4 22 kHz 

REFERENCE 
OutpUt Voltage 3.395 3.400 3.405 V 
OutpUt Voltage Drift TMlNto TMAX 50 ppmfC 
Power Supply Rejection (DC) 60 dB 
OutpUt Currerit 500 JJA 

POWER SUPPLY 
Operating VoltageS +4.75 +5 +5.25 V 
Quiescent Supply Current 10 13 mA 

TEMPERATURE 
Operating Range TMlN toTMAX -55 +125 "C 

PACKAGE Metal Can ADXLSOH 
Side Brazed Ceramic ADXL50D 

NOTES 
'Positive acceleration, causing the output of the preamplifier to rise, is defmed as follows: Header Package: acceleration in the plane of Pins 5 and 10, towards 
Pin 10. Pin 10 is identified by the metal tab (see "PIN CONFIGURATIONS" diagram). Ceramic Package: acceleration in the plane of the package, towatds 
the end of the package containing the notch. 

2 Applying + 5 V to the self-test input bas an effect on the scceIeration sensing element equiValent to applying an acceleration of - 50 g to the ADXL50. 
'The bandwidth is user-progtallllllllb1e, and set by an external capacitor (C. in Figure I). C. = 25 nF sets the -3 dB point at I kHz, the maximum recom-
mended measurement frequency. The bandwidth is inversely proportional to C •. 

'With the bandwidth set at the recommended maximum (i.e., I kHz), the beam re";nant frequency produces a peak at 3x below the passband signal level. 
'The ADXLSO is guaranreed to meet the above specifications operating from a supply of +S V ± 5%. It will continue to operate, and will suffer no permanent 
damsge, from a supply as high as +2" V (see "Absolute Maximum Ratings"). 

6A noise reduction capacitor, c,. = 16 uF, must be connected from Pin 4 to ground. 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without'notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS· 
Acceleration (Any Axis) ..................... 2000 g 
+Vs ................................. +24 V 
Output Short Circuit Duration . . . . . . . . . . . . . . . Indefinite 
Operating Temperarure .............. -55°C to +125OC 
Storage Temperature ................ -65°C to + 1500C 

PIN DESIGNATIONS 

IO-Pin Metal Can 

Pin Function 

1 +Vs 
2 Demod Cap, C, 
3 Demod Cap, C, 
4 Noise Reduction Cap, C2 

5 Ground' 
6 VREF Out 
7 Self-Test Input 
8 Pre-Amp Output 
9 Uncommitted Amp Output 

10 Uncommitted Amp V,-

NOISE REDUCTION 
CAPACITOR, C. 

DEMOOULATOR 
CAPACITOR, C, 

REF OUT 

<lis 

PRE·AMP 
OUT, VpR 

ADXL50 
·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only; the functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

14-Pin Ceramic 

Pin Function 

Nc2 

NC 

NC 

NOISE REDUCTION 
CAP,C. 

NOTES 

uction Cap, C2 

NC = NO CONNECT 

UNCOMMITTED AMP v,
UNCOMMITTED AMP OUTPUT 

PRE-AMP OUTPUT 

SELF·TEST INPUT 

'The case of the metal can package is connected to Pin 5, Ground. 
2"NC" designates that the pin is unconnected internally. 
'The lid of the side brazed ceramic package is connected to Pin 7, Ground. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADXL50 
ADXLSO PRODUCT DESCRIPTION 
The ADXLSO's novel architecture merges surface micro
machined polysilicon with BiMOS circuitry and laser wafer
trimmed thin-film resistors. The sensor is a differential capacitor 
so it is inherently stable over temperature. Analog's expertise in 
signal conditioning, along with the large portfolio of proven 
BiMOS circuits, allow the ADXL50 to be fully scaled, refer
enced and temperature compensated. No external active compo
nents are required to interface directly to an ADC. 

For additional flexibility, the ADXL50 has an uncommitted out
put amplifier for user programming of the output zero-g level, 
scaling, and filtering. The output span of the ADXL50's pre
amp is 1.8 V ±1.0 V at ±50 g. The uncommitted output ampli
fier allows the user to adjust the zero-g level and output span 
(up to 0.25 V to 4.75 V) by adding external resistors. External 
capacitors may be added to the resistor network for 1 or 2 poles 
of filtering. 

The ADXL50 can be powered from a standard +S V supply 
and is robust enough to survive harsh automotive con 
shocks of more than 2000 g unpowered. The stru 
ADXLSO is intrinsically more stable over tem 
piezoelectric or piezoresistive techniques. 

SELF TEST FEATURE 
The ADXLSO employs on-chip test circuits for a self-test at any 
time. The tight mechanical spacings on the sensor allow electro
static manipulation of the beam structure with a +S V supply. 
With a digital input to begin the ADXLSO's self-test, the beam 
is deflected in a controlled manner resulting in an output which 
is within S% of the specified negative full-scale output. 

GND 

APPLICATIONS 
AMPLIFYING AND OFFSET SHIFTING THE PREAMP 
SIGNAL 
The unconditioned output of the ADXLSO's preamplifier is 
1.8 V at 0 g acceleration with a span of ± 1.0 V for ±SO g input, 
i.e., 20 mV/g. An uncommitted output amplifier has been in
cluded on the chip to enhance the user's ability to offset the 0 g 
level and to amplify and filter the signal. In Figure 1, it can be 
seen that access is provided to the inverting input and the out
put of this amplifier via Pins 10 and 9, respectively, while the 
noninverting input is connected internally to + I. 8 V, which is 
derived from the on-chip 3.4 V reference. 

The scaling factor in configuration shown is given by 
- RJR, (since fier is in inverter mode) and the offset is 
provid re, if the span desired is ±2.2S V for 

3IR, should be chosen such that 

2.25 
= TO (I) 

the output from the preamplifier and V 0 

mmitted amplifier's output, giving 

S x Rl (2) 

found from the following equation, derived from 
amplifier theory: 

1.8 x R3 
R2 = --- (3) 

Voo -1.8 

where V 00 is the desired 0 g output level. 

R2 
5791< 

ANALOG OUT, Vo 
0.25 TO 4.75 

Figure 1. Connections to Be Made to the ADXL50 to Provide an Analog Signal of 0.25 V to 4.75 V, with a Bandwidth of 1 kHz 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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To provide an output span of ±2.25 V, with a 0 g output of 
+2.5 V, then R, could be set at 100 kil. From Equation 2, 
R3 = 225 kil, and using Equation 3, R2 = 579 kil. 

A general transfer function for the circuit, given by the resistor 
configuration shown, is: 

Va = 11.8 - VPR ) ~: + 1.8 (1 + ~:) 
which for the resistor values given reduces to: 

Vo = (1.8 - VPR) 2.25 + 2.50 

FILTERING THE PREAMP SIGNAL 
The uncommitted output amplifier can also be used to filter the 
signal, if more filtering is required than the 1 pole inherently 
provided at 1 kHz by the 25 nF demodulation capacitor. The 
circuit shown in Figure 2, which gives a gain of 3.94, 
an extra 3 poles of filtering at 200 Hz, without us' 
nal active components. 

62kn 

lOnF~ 

GND 

ADXL50 
ADXLFAMILY 
Analog Devices' ADXL family of accelerometers provides a 
fully conditioned analog output voltage proportional to accelera
tion. The family is expected to include accelerometers with mea
surement ranges from ±2 g up to ±500 g. There are products 
planned with dnal axis and redundant sensing. 

The product features of the ADXL series make them ideal for 
automotive applications such as crash detectionlairbag deploy
ment, antilock brake systems, active suspension, and vibration 
analysis and suppression. 

REDUNDANCY 
the same Ie are possible with the ADXL50's 
the small size of the sensor itself and the 

e BiMOS circuitry. Monolithic dual axis accel
made by placing the sensors orthogonally on 
iI),g of the support circuitry will provide even 

~c""alue. 

}--.... -_ ANALOG OUT, Vo 

430kn 

~12nF 

GND 

Figure 2. Using the Uncommitted Output Amplifier to Provide an Extra 2 Poles of Filtering, with a Gain of 3.94 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r-IANALOG 
WDEVICES 

FEATURES 
• Monolithic Design for Reliability and Low Cost 
• High Slew Rate .............................. O.5V/ 1" 

• Low Droop Rate 
TA=25°C ........•...................... O.1mVlms 
TA = 125° C .............................. 10mV/ms 

• Low Zero· Scale Error . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4mV 
• Digitally Selected Hold and Reset Modes 
• Reset to Positive or Negative Voltage Levels 
• Logic Signals nL and CMOS Compatible 
• Uncommitted Comparator on Chip 
• Available in Die Form 

ORDERING INFORMATIONt 

2S0C PACKAGE OPERATING 
Vzs 14-PIN DUAL-IN·LlNE PACKAGE TEMPERATURE 

(mV) HERMETIC· PLASTIC RANGE 

4 PKD01AY' MIL 
4 PKOO1EY INO 
7 PKOO1FY INO 
4 PKOO1EP COM 

PKOO1FP COM 

• For devices processed in total compliance to MIL·STO·883. add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The PKD-01 tracks an analog input signal until a maximum 
amplitude is reached. The maximum value is then retained as 
a peak voltage on a hold capacitor. Being a monolithic circuit, 
the PKD-01 offers significant performance and package den
sity advantages over hybrid modules and discrete designs 
without sacrificing system versatility. The matching charac
teristics attained in a monolithic circuit provide inherent 
advantages when charge injection and droop rate error 
reduction are primary goals. 

Innovative design techniques maximize the advantages of 
monolithic technology. Transconductance 19m) amplifiers 
were chosen over conventional voltage amplifier circuit 
building blocks. The "gm" amplifiers simplify internal 
frequency compensation, minimize acquisition time and 
maximize circuit accuracy. Their outputs are easily switched 
by low glitch current steering circuits. The steered outputs 
are clamped to reduce charge injection errors upon entering 
the hold mode or exiting the reset mode. The inherently low 
zero-scale error is reduced further by active "Zener·Zap" 
trimming to optimize overall accuracy. 

The output buffer amplifier features an FET input stage to 
reduce droop rate error during lengthy peak hold periods. A 
bias current cancellation circuit minimizes droop error at 
high ambient temperatures. 

REV. A 

Monolithic Peak Detector 
with Reset-and-Hold Mode 

PKD-Ol I 
Through the DET control pin, new peaks may either be 
detected or ignored. Detected peaks are presented as posi
tive output levels. Positive or negative peaks may be detected 
without additional active circuits since amplifier A can oper
ate as an inverting or non inverting gain stage. 

An uncommitted comparator provides many application 
options. Status indication and logic shaping/shifting aretyp
ical examples. 

PIN CONNECTIONS 

FUNCTIONAL DIAGRAM 

+IN -IN 

lOGIC 
OND 

DET 

-IN 

.IN 

-IN 

.'N 

RST 

RST DEf OPERATIONAL MODE 

o 0 PEAK DETECT 

~= 1 PEAK HOLD 
1 RESET 
o Indeterminate 

14·PIN HERMETIC DIP 
(Y·Sufflx) 

EPOXY DIP 
(P·Sufflx) 

OUTPUT V + v-

SWITCHES SHOWN FOR: 

RST ~ "0", DET '" "0" 

OUTPUT 
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PKO-Ol 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±18V 
Input Voltage •••••••••••••••••••••••••••••••••••••• Equal to Supply Voltage 

Logic and Logic Ground 
Voltage •.•••••••...•••....••...•..•••••••••••••••• Equal to Supply Voltage 

Output Short-Circuit Duration ................................... Indefinite 
Amplifier A or B Differential Input Voltage ....................... ±24 V 

Comparator Differential Input Voltage ............................. ±24 V 
Comparator Output Voltage 

............................................. Equal to Positive Supply Voltage 
Hold Capacitor Short-Circuit Duration •••••.••••••••.••••••• Indefinite 
Lead Temperature (Soldering. 60 sec) .......................... 300·C 

Storage Temperature Range 
PKD-01AY. PKD-01EY. PKD-01FY .••••••••• -65·Cto+150·C 
PKD-01 EP. PKD-01 FP •••••••••••.•••••.•••••••.•••• -65·C to + 125·C 

Operating Temperature Range 
PKD-01 AY ...•....•...•••...•..••..•.........•.........••..• -55·C to + 125·C 
PKD-01 EY. PKD-01 FY •....•...•.....••..•...........• -25·C to +85·C 
PKD-01 EP. PKD-01 FP ...•.....••..••...••.......•...•.••. O·C to + 70·C 

Junction Temperature .•...•...•.....••...•••..•..••...•. -65·C to + 150·C 

PACKAGE TYPE 8 1A (Note 2) 8 1C UNITS 

14·Pin Hermetic OIP (Y) 99 12 'C/w 

14·Pln Plastic DIP (P) 76 33 'C/w 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. BIA is specified for worst case mounting conditions. i.e .• 81.0 Is specified for 

device in socket for CerDIP and P·DIP packages. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. CH = 1000pF. TA = 25·C. 

PKD-01A/E PKD-01F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"11m" AMPLIFIERS A. B 

Zero-Scale Error Vzs 2 4 3 7 mV 

Input Offset Voltage Ves 2 3 3 6 mV 

Input Bias Current Ie 80 150 80 250 nA 

Input Off.et Current los 20 40 20 75 nA 

Voltage Gain Av RL = 10kO. Vo= ±10V 18 25 10 25 V/mV 

Open-Loop 
BW Av=l 0.4 0.4 MHz Bandwidth. 

Common-Mode 
CMRR -10V"VCM ,,+10V 80 80 74 80 dB Rejection Ratio 

Power Supply 
PSRR ±9V" Vs " ±18V 86 96 76 96 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±10 ±11 ±10 ±11 V 

Slew Rate SR 0.5 0.5 VlpIS 

Feedthrough Error aV1N = 20V, DET = 1. RST = 0, (Note 1) 86 80 86 80 dB 

Acquisition Time to 
taq 20V Step, AVCL = + 1, (Note 1) 41 70 41 70 pIS 0.1 % Accuracy 

Acquisition Time to 
taq 20V Step, AVCL = + 1, (Note 1 ) 45 45 pIS 0.01% Accuracy 

COMPARATOR 

Input Offset Voltage Ves 0.5 1.5 3 mV 

Input Bias Current 19 700 1000 700 1000 nA 

Input Offset Current los 75 300 75 300 nA 

Voltage Gain Av 2kO Pull-up Resistor to 5V 5 7.5 3.5 7.5 V/mV 

Common-Mode 
CMRR -10V" VCM " +10V 82 106 82 106 dB Rejection Ratio 

Power Supply 
PSRR ±9V"Vs ,,±18V 76 80 76 90 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11.5 ±12.5 ±11.5 ±12.5 V 

NOTES: 
1. Guarantaed by design. warmed-up (TA) droop current specification is correlated to the junction 
2. Due to limited production test times, the droop current corresponds to temperature (T,) value. PMI hasa droop current cancellation circuitwhich 

junction temperature (T,). The droop current vs. time lafter power-on) minimizes droop current at high temperature. Ambient (TA) temperature 
curve clarifies this point. Since most devices (in use) are on for more than specifications are not subject to production testing. 
1 second, PMlspeciflea droop rate for ambient temperature (TA) also. The 3. DET= 1, RST =0. 
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PKO-Ol 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = 1000pF, TA = 25°C. (Continued) 

PKD-01A/E PKD-01F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Low Output Voltage VOL ISINK " 5mA. Logic GND = OV -0.2 0.15 0.4 -0.2 0.15 0.4 V 

"OFF"' Output 
Il VOUT = 5V 25 80 25 80 p.A Leakage Current 

Output Short-
IBC VOUT= 5V 12 45 12 45 mA Circuit Current 

Response Time ts 
5mV Overdrive, (Note 3) 

150 150 ns 
2kO Pull-up Resistor to 5V 

DIGITAL INPUTS-RST, DET (See Note 3) 

logic "1" Input Voltege VH 2 2 V 

Logic "0" Input Voltege Vl 0.8 0.8 V 

Logic "1" Input Current IINH VH=3.5V 0.02 0.02 p.A 

Logic ''0'' Input Current 'INl Vl =0.4V 1.8 10 1.6 10 p.A 

MISCELLANEOUS 

Droop Rete VOR 
TI = 25°C, 

(See Note 2) 
0.01 0.07 0.01 0.1 

mVlms 
TA=25°C 0.02 0.15 0.03 0.20 

Output Voltage Swing: 
Vop 

DET=l 
±11.5 ±12.5 ±11 ±12 V 

AmplifierC Rl =2.5k 

Short-Circuit Current: 
loc 7 15 40 7 15 40 mA • AmplifierC 

Switch Aperture Time t·e 75 75 ns 

Switch Switching Time IS 50 50 ns 

Slew Rete: Amplifier C SR Rl =2.5k 2.5 2.5 Vlp.a 

Power Supply Current Isv No Load 5 7 6 9 mA 

ELECTRICAL CHARACTERISTICS atVs = :t15V, CH = 1000pF, -55·C s TA s +125°C for PKD-01AY, -25°C sTA s +85°Cfor 
PKD-01 EY, PKD-01FY and O°C s TA s +70·Cfor PKD-01EP, PKD-01FP. 

PKD-01A/E PKD-01F 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

"8m" AMPLIFIERS A, B 

Zero-Scale Error Vzs 4 6 12 mV 

Input Offset Voltage Vos 3 6 10 mV 

Average Input 
TCVos (Note 1) -9 -24 -9 -24 p.Y/°C Offset Drift 

Input Bias Current la 160 250 180 500 nA 

Input Offset Current los 30 100 30 150 nA 

Voltage Gain Av Rl = 10kll, Vo = ±10V 7.5 9 9 V/mV 

Common-Mode 
CMRR -10V" VCM " +10V 74 Rejection Ratio 82 72 80 dB 

Power Supply 
PSRR ±9V"Vs ,,±18V 80 90 70 90 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±10 ±11 ±10 ±11 V 

Slew Rate SR 0.4 0.4 VII'S 

Acquisition Time to 
taq 20V Step. AVCl = +1. (Note 1) 60 60 0.1% Accuracy p.s 

COMPARATOR 

Input Offset Voltage Ves 2 2.5 2 mV 

Average input 
TCVes INote 11 -4 -6 -4 -6 p.V/oC Offset Drift 

Input Bias Current I. 1000 2000 1100 2000 nA 
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PKD-Ol 
ELECTRICAL CHARACTERISTICS alVs = :l:1SV. CH = 1000pF. -55·C sTA s +12S·Cfor PKD-01AY.-2S·C sTA s +85·Cfor 
PKD-01 EY. PKD-01 FY and O·C s TA S +70·C for PKD-01 EP. PKD-01 FP. Continued 

PKD-01A/E PKD-01F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Current los 100 600 100 600 nA 

Voltage Gain Av 2kO Pull-up Resistor to 5V 4 6.5 2.5 6.5 V/mV 

Common-Mode 
CMRR -10VSVOM S+10V 80 100 80 92 dB Rejection Ratio 

Power Supply 
PSRR ±9V S VsS ±18V 72 82 72 86 dB Rejection Ratio 

Input Voltage Range VOM (Note 1) ±11 ±11 V 

Low Output Voltage VOL ISINK S 5mA, Logic GND = OV -0.2 0.15 0.4 -0.2 0.15 0.4 V 

"OFF" Output 
IL VOUT =5V 25 100 100 180 pA Leakage Current 

Output short-
Iso VouT =5V 6 10 45 6 10 45 mA Circuit Current 

Response Time ts 
5mV Overdrive, 
2kn Pull-up Resistor to 5V 

200 200 ns 

DIGITAL INPUTS-RST, DET (See Note 3) 

Logic "1" Input Voltage VH 2 2 V 

Logic "0" Input Voltage VL 0.8 0.8 V 

Logic "1;' Input Current IINH VH=3.5V 0.02 0.02 p.A 

Logic "0" Input Current IINl VL =0.4V 2.5 15 2.5 15 pA 

MISCELLANEOUS 

Tj = Max. Operating Temp 
1.2 10 3 15 Droop Rate VOR TA = Max. Operating Temp. 
2.4 20 6 20 

mV/ms 
DET = 1, (Note 2) 

Output Voltage Swing: 
VOP RL = 2.5k ±11 ±12 ±10.5 ±12 V AmplifierC 

Short-Circuit Current: 
Iso 6 12 AmplifierC 40 6 12 40 mA 

Switch Aperture Time ta~ 75 75 ns 

Slew Rate: Amplifier C SR RL = 2.5k 2 VII'S 

Power Supply Current Isv No Load 5.5 6.5 10 mA 

NOTES: 
1. Guaranteed by design. 
2. Due to limited production test times, the droop current corresponds to 

junction temperature (TI)' The droop current vs. time (after power-on) 
curve clarifies this pOint. Since most devices (in use) are on for more than 
1 second, PMlspecifies droop rate for ambient temperature (TA) also. The 
warmed-up (TAJ droop current specification is correlated to the junction 
temperature (TI) value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperature. Ambient (TAl temperature 
specifications are not subject to production testing. 

3. DEi' = 1, RST = O. 
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DICE CHARACTERISTICS 

1. RST (RESET CONTROL) 
2. V+ 
3. OUTPUT 
4. CH (HOLD CAPACITOR) 
5. INVERTING INPUT (A) 
6. NONINVERTING INPUT (A) 
7. V-
8. NONINVERTING INPUT (B) 

PKO-Ol 

8. INVERTING INPUT (B) 
10. COMPARATOR NONINVERTING INPUT 
11. COMPARATOR INVERTING INPUT 
12. COMPARATOR OUTPUT 
13. LOGIC GROUND 
14. DET (PEAK DETECT CONTROL) 

A,B (A) NULL 
C,D (B) NULL 

DIE SIZE 0.101 X 0.091 inch, 9191 sq. mils 
(2.565 X 2.311mm, 5.93 sq mm) 

WAFER TEST LIMITS at Vs = ±15V, CH = 1000pF, TA = 25°C. 

PARAMETER 

"8m· AMPLIFIERS A, B 

Zero-Scale Error 

Input Ollset Voltage 

Input Bias Current 

Input Ollset Current 

Voltage Gain 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

SYMBOL 

Vzs 

Vos 

Ie 

los 

Av 

CMRR 

PSRR 

PKO-G1N 
CONDITIONS LIMIT UNITS 

7 mVMAX 

6 mVMAX 

250 nAMAX 

75 nAMAX 

RL = 10kO, Vo =±10V 10 VlmV MIN 

-10V"VCM ,,+10V 74 dBMIN 

76 dBMIN 

(Note 1) ±11.5 VMIN 

Feedthrough Error ~V'N = 20V, DET = 1, RST = 0, (Note 1) 66 dBMIN 

COMPARATOR 

Input Ollset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejeclion Ratio 

Input Voltage Range 

Vas 

los 

Av 2kO Pull-up Resistor to 5V, (Note 1) 

CMRR 

PSRR 

(Note 1) 

3 mVMAX 

1000 nAMAX 

300 nAMAX 

3.5 VlmVMIN 

82 dB MIN 

76 dB MIN 

±11.5 VMIN 

0.4 V MAX 
-0.2 VMIN 

ISINK " 5mA, Logic GND = 5V Low Output Voltage 

"OFF"' Output 
Leakage Current 

Output Short
Circuit Current 

NOTES: 
1. Guarenteed by design. 

VOUT=5V 

ISC 

2. Due to limited production test times, the droop current corresponds to 
junction tempereture (T,). The droop current vs. time (after power-on) 
curve clarifieathis point. Since most devices (in use) are on for more than 
1 second, PMlspeclfies droop rate for amblenttempereture (TA) also. The 

REV. A 

80 "A MAX 

45 mAMAX 
7 mAMIN 

warmed-up (TA) droop current specification is correlated to the junction 
tempereture (TI) value. PMI hasa droop current cancellation circultwhich 
minimizes droop current at high tempereture. Ambient (T,,) temperature 
specifications are not subject to production testing. 

3. 6E'f= 1, RST=O. 
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PKO-Ol 
WAFER TEST LIMITS at Vs=±15V. CH= 1000pF. TA= 25°C. (Continued) 

PARAII.,." SYMBOL CONDITIONS 

< DIGITAL INPUTS-lIST, DET (See Note 31 

Logic "1" Input Voltege VH 

Logic "0" Input Voltege VL 

Logic "1" Input Current IINH VH=3.5V 

Logic "'0"' Input Current IINL VL =0.4V 

MISCELLANEOUS 

Droop Rete VOA 
T) = 25°C 
TA = 250C (See Nola 21 

Output Voltege SWing: 
Vop RL =2.5k 

AmpllflerC 

Short-CIrcuit Currenl: 
Isc AmpllflerC 

Power Supply Current Isv No Load 

NOTES: 
1. Guaranlesd by design. 
2. Due 10 IImlled producllon lesllimes. the droop currenl corresponds 10 

junction temperalure (T)I. The droop currenl va. lime (aller power-onl 
curve clarlfleslhls point. Since mosl devices I in uee I are on lor more than 

PKD4IN 
UMIT UNITS 

2 V MIN 

O.S VMAlC 

"AMAlC 

10 "AMA)( 

0.1 mVlmaMAlC 
0.20 mVlm.MAX 

±11 V MIN 

40 mAMAX 
7 mAMIN 

9 mAMAX 

1 second, PMI specifies droop rale lor ambienltemperalure t TAl also. The 
warmed-up (TAl droop currenl speciflcallon Is correlaled to Ihe junction 
lemperalure (Til value. PMI hes a droop currenl cancellation Circuit which 
minimizes droop currenl al high temperalures. Ambienl (TAl lemperalure 
specifications are nolsubject 10 producllon lesting. 

3. 15!f = 1. RST = O. 
Electrical testa are performed al wafer probe 10 lhe limits shown. Due 10 variations in a .. embly methods and normal yield 10 ... yield after packaging Is nol 
guaranteed for standard producl dice. Consull factory 10 negollate specifications based on dice 101 qualification Ihrough IImple 101 aesembly and _Ing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V. CH = 1000pF. and TA = 25°C. unless otherwise noted. 

PKD4IN 
PARAMETE" SYMBOL CONDITIONS TYPICAL UNITS 

"1m" AMPLIFiERS A, B 

Slew Rate SR 0.5 VI,.. 
Acquisition Time I. 0.1" Accuracy, 2rN step. AYCL = 1. (Note 1) 41 ,.. 
Acquisition Time la 0.01" Accuracy. 2rN step. AyCL = 1. (Note 1) 45 ,.. 

COMPARATOR 

ResponSl Time 
5mV Overdrive. 
2kO Pull-up Reslslor 10 + 5V 

150 na 

MISCELLANEOUS 

Switch Aperature Time I'e 75 na 

SWilchlng Time Is 50 na 

Buffer Slew Rate SR RL =2.5kO 2.5 VI,.. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
0 
~ 

ill 
ii: 
:l 
~ .. 
~ 

0 

~ z .. .. 
i 

~ 
~ 
"' ~ 
~ 
I ... 
::I 

~ 

,. 
,. 
10 

-2 

-8 

-10 

-1' 

-1. 

A AND B INPUT RANGE 
vs SUPPLY VOLTAGE 

........ -....-"'j'NPUT + RANGE· V+ 
_C~TA:S+l25°C -

-&SoC ... -- -' ';aoe 
~ 

~:.!.+12S"C_ 
-V-SUPPLY , 

... 

~ 

"' ! 
> 

i 
l!; 

-2 

-4 

A AND B AMPLIFIERS OFFSET 
VOLTAGEvsTEMPERATURE .. 

35 

30 

1 26 

J 20 

~ ,. 
10 

o 

A,BlosvsTEMPERATURE 

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

4 12 15 18 
-15 -50 -25 0 25 50 75 100 125 150 

1000 

100 

10 

SUPPLY VOLTAGE +V AND -V (VOLTS) TEMPERATURE rei TEMPERATURE rei 

INPUT SPOT NOISE 
VI FREQUENCY 

WIDEBAND NOISE 
VI BANDWIDTH 

AMPLIFIER B CHARGE INJECTION 
ERROR VI INPUT VOLTAGE 

AND TEMPERATURE 

RS·1OkO 

RS-O 

10 100 1k 0.1 
FREQUENCY IHzl 

AMPLIFIER A CHARGE INJECTION 
ERROR vs INPUT VOLTAGE 

AND TEMPERATURE 
+1.0 

POLARITVQF CH -l000pF 
ERROR MAVBE fA _+26°C 
POSITIVE OR 
NEGATIVE 

+0 •• 

-10 ..... +5 +10 

VIN (VOLTS) 

+12SOC 

-0.5 +26°C 

-!i5'C 

1.0 

+'.0 

+0.6 +25~C 

-10 -6 +5 +10 
r+~~~~~~++~~~ 

VIN (VOLTS) 

-4.5 

10 100 1000 -1.0 

BANDWIDTH 1kHz} 

,. 
,. 
10 

-1' 

OUTPUT VOLTAGE SWING VI 

SUPPLY VOLTAGE (DUAL 
SUPPLY OPERATION) 

r-RL -10kn 
r- -I 

r- V~SUPPLY ~ 

+12S"C_ 

~ ~ 
+2S"c 

-&S"c' 

~ r-&S"~ ... ~ 
+26°C -

_V-SUPPLY ~ +1~ 

~ 

-1. 
4 12 ,. ,. 

SUPPL V VOL lAOE +V AND -v (VOLTS) 

REV. A SPECIAL FUNCTION COMPONENTS 7-39 



PKO-01 
TYPICAL PERFORMANCE CHARACTERISTICS 

,. 
12.5 

10.0 

~ 7.' 

OUTPUT VOLTAGE VB 

LOAD RESISTANCE 

II 
II 

+2SoC ?' 

12 

10 

OUTPUT ERROR VB 

FREQUENCY AND 
INPUT VOLTAGE 

111111111 ~ 
2mV ERROR 1\ 

\200 mV ERROR 0 '.0 
~ -55°C 

'" 2.' 

i 
-2.5 0-

~ -5.0 

" -7.5 0 
-10.0 

_55°C 

-12.5 

-1' I 
L 

1.0 

+12SoC 

• 11I1 
+~!!c +125"C 

'Il1o. loc 
+110cH-

0.1 10.0 

r-

r-

'-o 
100 

-

1k 

• lI'.omv 
ERROR 

LOAD RESISTOR TO GROUND {knl 

10k 

FREQUENCY (Hz) 

PKD-01 SETTLING RESPONSE PKD-01 SETTLING RESPONSE 

;; 
i5 :;; 

+10V '" '" '" ~ g 
... 
" ~ 
" 0 

LARGE-SIGNAL SETTLING TIME FOR -10V 
NONINVERTING RESPONSE TO OV STEP INPUT 

~ ov 

~ 
'" '" ov ~ 
> 
0-

~ 
" 0 

TIM:E (20p.s/DIV.1 TIME (20,us/DIV.) 

tOOk 1M 

LARGE-SIGNAL 
INVERTING RESPONSE 

TIME (20p.s/DIV.) 

SETTLING TIME FOR +10V 
TO OV STEP INPUT 

TIME (20j./s!DIV.) 

ov 

ov 

7-40 SPECIAL FUNCTION COMPONENTS REV. A 



PKD-Ol 
TYPICAL PERFORMANCE CHARACTERISTICS 

iii 
"-
2! 
;; 
'" 

SMALL-SIGNAL OPEN LOOP 
GAIN/PHASE VB FREQUENCY 

go 
TA" +2SOC 
RL = tOka 
Cl = 30pF 

60 

45 

30 90 

135 

180 

--30 L.........!.._..I............L_...l..._L.........!...L-I 
1 10 100 lk 10k lOOk 1M 10M 

FREQUENCY (Hz) 

DROOP RATE vs TIME AFTER 
POWER ON 

T1 = +1'25°C' 
CH = 1000pF 

,/ 

I 

00 9 10 

TIME AFTER POWER APPLIED (MINUTES) 

DROOP RATE 
VB TEMPERATURE 

10000 

~ 

f 1000 

" :r 

" 1 g 100 

0 

1 
-100 

REV. A 

-50 

/, 

:::;~~~TURE I 

..,-~ JUNCTlON-
TEMPERATURE~ 

+50 +100 +150 

TEMPERATURE t'e) 

iD 

'" 2! 
0 
;:: 

§ S 
e ~ 

'" 
~ 
w 

S 2! z 

~ ~ 
" it 0 
>-
~ 
w 
Z z 
~ 
" 

1 
> 

~ 
" 8 
" " ci 

f? 
w 

'" ;:: 
z 
0 
;:: 
;; 

Ii 
II 

120 

100 

80 

60 

40 

20 

o 
1 

CHANNEL TO CHANNEL 
ISOLATION vs FREQUENCY 

TA =+2SQ C 

""" ~ 
~ 

TEST CONDITION: r\ 
CH = l00QpF 

AMPI'FIER I AND i CONjECTE'I'N +'rA1N 

AMPLIFIER A(B) OFF, INPUT - 20V PK-PK 

AMP~'FlER ~,., o~. INPUT = ov I 
I 

10 100 lk 10k tOOk 1M 10M 

FREQUENCY (Hz) 

ACQUISITION TIME vs EXTERNAL 
HOLD CAPACITOR AND 

ACQUISITION STEP 
600 

400 

HOLD CAPACITANCE (pF) 

ACQUISITION OF STEP INPUT 

+IOV 

OV 

-IOV 

+10V 

ov 

-tOV 

100 

80 

80 

40 

20 

o 

OFF ISOLATION 
VB FREQUENCY 

r--..... 
A.A]=+l 
B,AV'"'±l 

r---. 
"" f----- A,AV - 1 

1\ 

1 

~ 

10 100 lk 10k tOOk 1M 10M 

FREOUENCY (Hz) 

ACQUISITION TIME vs INPUT 
VOLTAGE STEP SIZE 

50r-----~----~------~----~ 

40~--_;-----+----~~~ 

10~~~~----~------+_----~ 

5 10 15 
INPUT STEP (VOLTS) 

ACQUISITION OF 
SINE",VE PEAK 

20 

+10V 

ov 

-tOV 

SPECIAL FUNCTION COMPONENTS 7-41 



PKO-Ol 
TYPICAL PERFORMANCE CHARACTERISTICS 

COMPARATOR OUTPUT 
RESPONSE TIME 

COMPARATOR OUTPUT 
RESPONSE TIME 

(2kO PULL-UP RESISTOR, TA = +25° C) (2kO PULL-UP RESISTOR, TA = +25° C) 

~ 
~ 
w 

" ~ g 

~ 
" 0 

~ 
0 
~ 
0 

~ 
" § .. 
0 

~ 
~ 
II: 

i 

5 

4 +5 

3 • 
2 -II 

, 
• 

TIME (5OnI/DIV.J 

INPUT RANGE OF LOGIC 
GROUND VI SUPPLY VOLTAGE ,. 

'4 
,. 

• 
-2 

... 
-,. 
-'4 
-,. 

4 

~ 

~ 

~~--
fII' 

+12SOC 
+26°C 

-<l5"c 
ACCEPTABLE GROUND 

PIN POTENTIAL IS 

..... C BETWEEN SLIDe LINES 

+z.-C ... _j'j'C 
;'~!i!!o 

'2 '5 ,. 
SUPPL V VOLTAGE +V AND -v (VOLTS) 

! 
w 

~ g 
I-

~ 

7-42 SPECIAL FUNCTION COMPONENTS 

-3 

TIME (60ns/DIV.) 

LOGIC INPUT CURRENT VI 

LOGIC INPUT VOLTAGE 

I I 
LOGIC ,_ 

1-
~i--""'C 

I 

I-+z.-C 

+126"C 

I - I LOGIC 0 

I LOGIC GROUND - OV 

I I I 

+5 

-6 

-2 -, 

LOGIC INPUT VOLTAGE (VOLTS) 

HOLD MODE POWER SUPPLY 
REJECTION VB FREQUENCY , .. ...---.---.,,--.,.......-.....,...---, 

TA • +26°C 
VIN· OV 

8. I--+---+--+- CH • 'OOOpF 

40 

2'r--+---+--+---+-~ 
CHANNiLA "', 
CHANNEL B· 0 

"~O-~'''~-~'~k-~'~~~'~~~~'M 
FREQUENCY (Hz) 

! 
~ 
;:! ... g 
~ 
!!! 

~ 
~ 
~ z : 
§ 
l-
E 
!!! 

,. 
,. ,. 

INPUT LOGIC RANGE VI 

SUPPLY VOLTAGE 

./" 
.....-:VIN~V+ FOR ..., -SEr'cSTA S+12It'C 

-2 ... -<l5"c ... .. ,= +z.-C .- r+125°C -

-,. r-- -. 
V- ... 

-'4 
-'8 

4 '2 '5 •• 
SUPPLY VOLTAGE +V AND -v (VOLTS) 

4 

• 

SUPPLY CURRENT VI 

SUPPLY. VOLTAGE 

I-' 
i-'i-'I-' i-' 

~ 
ill. 1\ ..... C 

+z.-C 
+,~C 

.2 16 18 

SUPPLY +V AND -v (VOL TSJ 

REV. A 



TYPICAL PERFORMANCE CHARACTERISTICS 

+3 

1 

COMPARATOR. INPUT BIAS 
CURRENT V8 DIFFERENTIAL 

INPUT VOLTAGE 

Vs .1±l5V 
1 1 1 

INPUT CURRENT 
TA" +26°C ~~E: ""~~T~~A .. 

OTHER ~~THER 
~INPlJT INPUT 

AT -lOV ATOV 

OTHER 
INPUT 
AT HOV 

I 
-16 -10 -5 0 +5 +10 +15 

1200 

1000 

400 

200 

INPUT VOLTAGE (VOLTS) 

COMPARATOR la 
V8 TEMPERATURE 

I'\. 

" '" "- ,~ 
i'.... 

-76.6Q -26 0 26 50 75 100 125 1&0 

TEMPERATURE fCI 

COMPARATOR TRANSFER 
CHARACTERISTIC 

I 
VS" ±16V 
TA" +26"C 

INVERTING INPUT .. VIN 
NON INVERTING INPUT 
-OV 

I I 
~::n ., ~ RL- 1kO 

TO+6V 

\ 
\ " 1.6 1.0 0.6 0.5 1.0 

INPUT VOLTAGE (mV, 
1.6 2.0 

REV. A 

:; 
.s 
w 

~ g 

~ 
~ 

~ 
g 
~ a: 
: 
~ 
u 

~ 
~ z 
~ a: 
>-

" I!: 
" 0 

1l 
~ 

~ 
S 
w 

~ 
g 
~ 

COMPARATOR OFFSET VOLTAGE 
VI TEMPERATURE 

-1 

-2 

18 

,. 
10 

-. .. 
·10 

-1' 

-

~ 

TEMPERATURE (Oe) 

OUTPUT SWING OF 
COMPARATOR V8 

SUPPLY VOLTAGE 
, 

A'~ 
,~ , V+. '~ 

-"'.·C I -, 

~-55'C 
.... c 

I 
-55'C 

, I!!!!b.t +25°C , 
+125I11C._ 

F ~ I-- v- " -. , 
.,.~ 

-18 

• ,. ,. ... 
18 

SUPPLY VOLTAGE +VANO -v (VOLTS) 

COMPARATOR OUTPUT VOLTAGE 
V8 OUTPUT CURRENT AND 

TEMPERATURE 
1.0 

.~25°C 
0.8 

..• ".·C" 
.56"C~ 

0.' 
~ 

0.' 
~ ~ V 

.d 
~~ 

.... ~,.. 
10 12 ,. 

'0 - OUTPUT SINK CURRENT (mAl 

110 

100 

i 80 

... 
a: 

80 

I 
70 

~ 
80 

60 

PKO-Ol 

COMPARATOR los 
V8 TEMPERATURE 

\ 

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

r-.... ....... 

-75 -&0 -25 0 25 50 76 100 125 160 

w 

~ +5 

5> 
~! 0 

iC 

TEMPERATURE COc) 

COMPARATOR RESPONSE 
TIME V8 TEMPERATURE 

P~LL-U~ I VJ " r--- RESISTOR· 2k!! 

VV I-- TA':"'C 1./ 
I-- T).5'11; ~"12.'C-

fL, / 

! -5 
-50 50 100 150 200 250 300 

TIME Insl 

w 

'" 

COMPARATOR RESPONSE 
TIME V8 TEMPERATURE 

~_ +6 

gl O~~r--+--~--~--+-~~~ i ~L-~~~ __ ~ __ ~ __ ~ __ ~~ 
.... .. 100 160 200 250 300 

TIME (",I 

SPECIAL FUNCTION COMPONENTS 7-43 

• 



PKO-Ol 
THEORY OF OPERATION 
The typical peak detector uses voltage amplifiers and a diode 
or an emitter follower to charge the hold capacitor, CH, 
unidirectionally (Figure 1). The output impedance of A plus 
0 1 's dynamic impedance, rd, make up the resistance which 
determines the feedback loop pole. The dynamic impedance 

is r d = kT . Id is the capacitor charging current. 
qld 

The pole moves toward the origin ofthe S plane as Idgoes to 
zero. The pole movement in itself will not significantly 
lengthen the acquisition time since the pole is enclosed in the 
system feedback loop. 

When the moving pole is considered with the typical fre
quency compensation of voltage amplifiers there is however, 
a loop stability problem. The necessary compensation can 
increase the required acquisition time. PMl's approach 
replaces the input voltage amplifier with a transconductance 
amplifier; Figure 2. 

The PKO-01 transfer function can be reduced to: 

VOUT 

1+~ 
gm 

Where: gm '" 1p.NmV, ROUT'" 20MO. 

The diode in series with A's output (Figure 2) has no effect 
because it is a resistance in series with a current source. In 
addition to simplifying the system compensation, the input 
transconductance' amplifier output current is switched by 
current steering. The steered output is clamped to reduce 
and match any charge injection. 

Fig. 3 shows a simplified schematic of the reset "gm" ampli
fier, S. In the track mode, 01 & 0 4 are ON and 02 & 03 are 
OFF. A current of 21 passes through 0 1, lis summed at "S" 
and passes through 01, and is summed with gmVIN' The 
current sink can absorb only 31, thus, the current passing 
through O2 can only be: 2K -gmVIN' The net current into the 
hold capacitor node then, isgmVIN(CH=21-(21-gmVIN)' The 
hold mode, O2 & 03 are ON while 01 & 04 are OFF. The net 
current into the top of Dl is-I until 03turns ON. With 01 OFF, 
the bottom of 02is pulled up with a current I until 04 turns 
ON, thus 0 1 & 02 are reverse biased by "'O.6V and charge 
injection is independent of input level. 

The monolithic layout results in poin,ts A and S having equal 
nodal capacitance. In addition, matched diodes 0 1 and O2 
have equal diffusion capacitance. When the transconduc
tance amplifier outputs are switched open, pOints A and S are 
ramped equally but in opposite phase. Diode clamps 03 and 
0 4 cause the swings to have equal amplitudes. The net 
charge injection (voltage change) at node C is therefore zero. 

The peak transconductance amplifier, A, is shown in Figure 
4. Unidirectional hold capacitor charging requires diode 0 1 
to be connected in series with the output. Upon entering the 
peak hold mode 0 1 is reverse' biased. The voltage clamp 
limits charge injection to approximately 1pC and the hold 
step to 0.6mV. 

Minimizing acquisition time dictated a small CH capacitance. 
A 1000pF value was selected. Droop rate was also minimized 
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by providing the output buffer with an FET input stage. A 
current cancellation circuit further reduces droop current 
and minimizes the gate current's tendency to double for 
every 100 C temperature change. 

Figure 1. Conventional Voltage Amplifier Peak Detector 

Figure 2. Transconductance Amplifier Peak Detector 

• 

~=t--i:=:ji==~--! } ~~.OL 
A>B'" PEAt( DETECT 
A<B",PEAK HOLD 

Figure 3. Transconductance Amplifier with Low Glitch 
Current Switch 

'_-+--___ ~~ v- It> B .. PEAK DETECT 
.<B_PEAK HOLD 

Figure 4. Peak Detecting Transconductance Amplifier with 
Switched Output 
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APPLICATIONS INFORMATION 
OPTIONAL OFFSET VOLTAGE ADJUSTMENT 
Offset voltage is the primary zero scale error component 
since a variable voltage clamp limits voltage excursions at 
01'sanodeand reduces charge injection. The PKD-01 circuit 
gain and operational mode (positive or negative peak 
detection) determine the applicable null circuit. Figures A 
through 0 are suggested circuits. Each circuit . corrects 
amplifier C offset voltage error also. 

A. NULLING GATED OUTPUT gm AMPLIFIER A. Diode D1 
must be conducting to close the feedback circuit during 

100k. 
Vs' vs-

R, R, 

O.,/&F-* 2MO 1kO 

R, Vour 
v,. 

1k. 

-15V 

PKI>01~C ~kO 
2MO R 

I eH"" 1000pF 1~ 
NOTES! 

1. NULL RANGE", :tVs (;;) ":'" -=-
2,. DISCONNECT He FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUfFER AMPLIFIER B IF REQUIRED. 

RAo Ae AND ftc NOT NECESSARY FOR AMPLIFtER B ADJUSTMENT. 

Figure A. Vos Null Circuit for Unity Gain Positive Peak 
Detector 

R, R, 
v,.o---.N'oI'--.,--------I\iI\l'------, 

vs-
VOUT 

vs+ 

-15V 

PKD"'~c ~. 
2Mn A 

I CH=10D0pF ,:n 
NOTES: 

1. NUll. RANGE = :tVa (;;) -= 0:-

2. DISCONNECT Ae FROM eH AFTER AM""FlER A ADJUSTMENT. 
S. REPEAT NULL ClRcurr FOR RESEt' BUFFER AMPLIFIER 8 IF REQUIRED. 

Figure C. Vos Null Circuit for Negative Peak Detector 
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amplifier A Vos adjustment. Resistor network RA - Rc cause 
01 to conduct slightly. With OET=Oand VIN=OV monitor the 
PKO-D1 output. Adjust the null potentiometer until VOUT= OV. 
After adjustment, disconnect Rc from CH-

B. NULLING GATED gmAMPLIFIER B. Set amplifier B signal 
inputto V1N= OV and monitor the PKO-D1 output. Set OET= 1, 
RST= 1 and adjust the null potentiometer for VOUT= OV. The 
circuit gain - inverting or noninverting - will determine 
which null circuit illustrated in Figures A through D is 
applicable. 

R, 
VON-

R, 
VON' 

Vs- R, 

.... 
-1SY 

Vs+ r."F 

-=-

PKI>01
4c 

~kO 

2MO 
R. I CH=1000pF 1ko 

NOTES: 

1. NULL RANGE= :tV, (;;)(Rt:1R3) ':" ":'" 
2. DISCONNECT He FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUFFER AMPLIFIER 8 IF REQUIRED. 

Figure B. Vos Null Circuit for Differential Peak Detector 

vs-

25ko 

Vs+ 

v,. 
R, 

NOTES: 

R, 

R, 
OAIN=1+ A1 +R1 

>-.... -+-0 Vour 

-1SY 

PKI>01~c ::"0 
2Mn R. 

I CH=1000pF 
1kD 

1. NULL RANGE", :tYs(';;) "':"' "':'" 

2. DISCONNECT Re FROM CM AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUFFER AMPUFIER B IF REQUIRED. 

Figure D. Vos Null Circuit for Positive Peak Detector With 
Gain 
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PEAK HOLD CAPACITOR RECOMMENDATIONS 
The hold capacitor (CH) serves as the peak memory element 
and compensating capelcltor. Stable operation requiras a 
minimum value of 1000pF. Larger capacitors may be used to 
lower droop rate errors, but acquisition time will Increase. 

Zero scale error Is Internally trimmed for CH = 1000pF. Other 
CH values will cause a zero scale shift which can be approxi
mated with the following equation. 

4Vzs(mV) = 1 x 103(pC) -0.6mV 
CH(nF) 

The peak hold capaCitor should have very high Insulation 
resistance and low dielectric absorption. For temperatures 
below 85° C,a polystyrene capacitor is recommended, while 
a Teflon capelcltor is recommended for high temperature 
environments. 

CAPACITOR GUARDING AND GROUND LAYOUT 
Ground planes are recommended to minimize ground path 
resistance. Sepelrate analog and digital grounds should be 
used. The two ground systems are tied together only at the 
common system ground. This avoids digital currents return
ing to the system ground through the analog ground path. 

The CH terminal (Pin 4) is a high-Impedance point. To 
minimize gain errors and maintain the PKD-D1's Inherently 
low droop rate, guarding Pin 4 as shown In Figure 2 is 
recommended. 

Figure 2. CH terminal (Pin 4) guarding. See text. 

COMPARATOR 
The comparator output high level (VOH) is set by external 
resistors. It's possible to optimize noise Immunity while inter
facing to all standard logic families - TTL, DTL, and CMOS. 
Figure 1 shows the comparator output with external level 
setting resistors. Table I gives typical R1 and R2 values for 
common circuit conditions. 

The maximum comparator high output voltage (VOH) should 
be limited to: 

VoH(maxlmum) < V+ -2.0V 
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With the comparator in the low state (VOL), the output stage 
will be required to sink a current approximately equal to 
Ve/R 1· 

COMPARATOA INPUT 

INVERTING 
COMPARATOR INPUT 

Figure 1 

Tablel. 

Vc VOH R1 R2 

5 3.5 2.7K 6.2K 

5 5.0 2.7K .. 
15 3.5 4.7K 1.5K 

15 5.0 4.7K 2.4K 

15 7.5 7.5K 7.5K 

15 10.0 7.5K 15K 

DIGITAL 
GND 

y. 

A. 

YON 

A. 

y-

R"~ 
1 ISINK 

R2 "' (v: ) 
V -1 

OH 

PEAK DETECTOR LOGIC CONTROL (RST, DET) 
The transconductance amplifier outputs are controlled by 
the digital logic signals RST and ~ The PKD-01 opera
tional mode Is selected by steering the current (11) through 
Q1 and Q2, thus providing high-speed switching and a pre
dictable logic threshold. The logiC threshold voltage Is 1.4 
volts when digital ground is at zero volts. 

Other threshold voltages (VTH) may be selected by applying 
the formula: 

VTH .. 1.4V + Digital-Ground Potential. 

For proper operation, digital ground must always be at least 
3.5V below the positive supply and 2.5V above the negative 
supply. The RST or ~ signal must always be at least 2.8V 
above the negative supply. 

Operating the digital ground at other than zero volts does 
influence the comparator output low voltage. The VOL level Is 
referenced to digital ground and will follow any changes In 
digital ground potential: 

VOL" 0.2V + Digital Ground Potential. 
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PKD-01 LOGIC CONTROL 
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TYPICAL CIRCUIT CONFIGURATIONS 
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INPUT 

OUTPUT 
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OUTPUT 
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NEGATIVE PEAK DETECTOR WITH GAIN 

-~- - - ,---
- _' I I~ 

I 

~ .. =~ --5V 

-+10V 

-ov 
OUTPUT • --4V 

__ 10V 

TIME (60f.IIIDIV) 

UNITY GAIN NEGATIVE PEAK DETECTOR 

INPUT 
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ALTERNATE GAIN CONFIGURATION 

R, 

PKD...o1 

R, 
INPUT 0-#01'-+-+--1 

>..-1-< ...... -0 OUTPUT 

R, 
VO~::;; 0-#>1'-+-+-1 

R, 
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DEi/RST 
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1% 
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PKD-01 

OUTPUT 
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IF BOTH INPUT SIGNAL (AMPLIFIER A INPUT) AND THE RESET 
VOLTAGE (AMPLIFIER B INPUT HAVE THE SAME POSITIVE VOLT
AGE GAIN THE GAIN CAN BE SET BY A SINGLE VOL TAGE"DIVIDER 
fOR BOTH INPUT AMPLIFIERS. 

NOTE: 
A1. R2. A3ANO R4>&kfl 
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PEAK-TO-PEAK DETECTOR 
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'Ok" 

',. 
VOUT 

10kn 
PKDo01 

NEGATIVE YPK-

PEAK 
DETeCTOR 

'Ok" 

-=-

LOGIC SELECTABLE POSITIVE OR NEGATIVE PEAK DETECTOR 

POstREG 
PEAK DETECTOR 

+15V 

V 

1. I. I. 13 

V ~-
L..~...J 

R SW-02 

*811 
l' 2 3 • • 

INPUT 

-=-

-15V 

REV. A 

10.5 

'" 
11 ho 9 

¥~J ~ 

~ 

:S4~ ,! 

• 7~ 
R 

NOTES: 
1. DEVICE IS RESET TO 0 VOL T8. 

l -y: 
f-~ 

PKD-Ol 

~ 
· ,1 ~3 

C 1000pF 
H I POL V'TVRENE 

OUTPUT 

PEAK DETECTOR 
RESET 

2. DETECTED PEAKS ARE PRESENTED AS POSITIVE OUTPUT LEVELS. 
3. R = lOkSl. 
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PKO-Ol 
PEAK READING AID CONVERTER 

PORTO 

"PROCESSOR 

BIT 10 

PORT 1 

.. DV 

INPUT 
SIGNAL 

RST 

RESET 
VOLTAGE 

POSITIVE PEAK DETECTOR WITH SELECTAB.LE RESET VOLTAGE 

VIN o----------+--"t--;I~~ 

AI 

A2 

A3O----------' 

A4o------' 

i'RDEf/RST o-----t:>O---~J 
+15V 

7-50 SPECIAL FUNCTION COMPONENTS 

PKD-01 

>-<i>--lf-..... -o VOUT 

13 

LOGIC 
GNO 

NOTES: 
RESET VOLTAGE = -1.0V 
TRACE 1 = 2V/DIV. 
TRACE 2" 5V/DIV. 
TRACE 3 z 2V/DIV. 

ov 

011 

011 

REV. A 



PKD-Ol 

PROGRAMMABLE LOW FREQUENCY RAMP GENERATOR 

REV. A 

AMPLITUDE { 
SELECTION 

LOGIC 

RAMP 
AMPLITUDE 

RAMP 
START 
PULSE 

BUFFERED 

>-"'r-t--~-o O~~~~T 

ROT 

RAMP JL 
START 0-----' 
PULSE 

-O.5V/ps 

NOTES: 
1. NEGATIVE SLOPE OF RAMP IS SET BY DAC-08 OUTPUT CURRENT. 
2. DAC-08 IS DIGITALLY CONTROLLED CURRENT GENERATOR. 

THE MAXIMUM FULL SCALE CURRENT MUST BE LESS THAN O.5mA. 
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Selection Guide 
Matched Transistors 

Model 

MAT-Ol 
MAT-02 
MAT-03 
MAT-04 
SSM-2210 
SSM-2220 

'Ie ~ I rnA 
'fe " 100 Hz 

Type 

Dual NPN 
DualNPN 
Dual PNP 
QuadNPN 
DualNPN 
Dual PNP 

Vos TCVos 
Max Max 

I1V I1Vf'C 

100 0.5 
50 0.1 
100 0.5 
200 
200 
200 

hFE 
Min' 

500 
500 
100 
300 
300 
80 

lihFE en 
max max Package Temp 
% nV/v'HZ2 Options3 Range' PageS Comments 

3 7.5 7 M 8-5 Low Cost 
2 4,7 I,M 8-11 Low Noise, Low rBE 

2 1 4,7 I,M 8-23 Low Noise 
2 2.5 2,3,6 I,M 8-33 Low Cost 
5 2,6 I AV Low Cost, Audio 
6 2,6 AV Low Cost, Audio 

3Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOle" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 =: Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 ~ J-Leaded Ceramic Package; 15 ~ Ceramic Pin Grid Array; 16 ~ TO-92; 17 ~ Plastic Pin Grid Array. 

4Temperature Ranges: C = Commercial, DoC to +7OOC; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to +125°C. 
5 A V = AudiolVideo Reference Manual. 
Boldface Type: Product recommended for new design. 
*New product. 



INTRODUCTION 
ADI's matched transistor arrays are specifically designed for low 
offset voltage, low offset voltage drift, ultralow voltage noise, 
and high gain, specified over a wide range of collector currents. 
Monolithic duals provide the best possible differential input 
stage performance. The dual and quad transistors are excellent 
for use in high performance audio systems, high gain instru
mentation amplifiers, precision current mirrors and active loads. 
ADI offers both NPN and PNP type matched transistors. 

Both the dual and quad transistors are also designed for minimal 
base-to-emitter resistance which makes log conformity excellent. 
For an ideal transistor, the base-to-emitter voltage is equal to 
(kT/q) In (lelIs). An added term, Ie rSE' causes departure from 
this idealized logarithmic relationship. The NPN MAT-02 and 
MAT-04 and PNP MAT-03 have very low rSE over a wide 
range of collector current. Circuits for squaring, rms-to-dc con
version, and logarithmic amplification can be accurately imple
mented through use of these low rSE products. 

The well defmed relationship between V SE and collector current 
can also be used for temperature sensing or for generating 
bandgap reference voltages. 

DEFINITIONS 

Average Offset Current Drift (TClos) 
The ratio of the change in los to the change in temperature pro
ducing it. 

Average Offset Voltage Drift (TCVos) 
The ratio of the change in Vos to the change in temperature 
producing it. 

Bias Current (Is) 
The average of the base currents at a specified collector voltage 
and current. 

Broadband Noise Voltage (eNRMS) 
The root-mean-square noise voltage referred to the input over a 
specified bandwidth at a specified collector voltage and current. 

Current Gain Match (.1hFE) 
The difference in hFE between the transistors at a specified volt
age and current, expressed as a percentage of the higher of the 
two hFEs. 

( hFEl) 
t;hFE = 1 - hFE2 X 100 

Orientation 
Matched Transistors 

Excess Emitter Resistance (rBE) 
The effective resistance between the base and emitter terminals 
of each transistor. 

Noise Voltage (eN p-p) 
The peak-to-peak noise voltage referred to the input over a spec
ified bandwidth at a specified collector voltage and current. 

Noise Voltage Density (eN) 
The spectral input referred voltage noise measured at a specified 
collector voltage and current. 

Offset Current (los) 
The difference between the base currents at a specified collector 
voltage and current. 

Offset Current Change (.1105/.1 V CD) 
The ratio of the change in offset current to the change in collec
tor base voltage producing it. 

Offset Voltage (Vos) 
The difference between the base emitter voltages (VBE,-VSE2) at 
a specified collector voltage and current. 

MATCHED TRANSISTORS 8-3 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Low VOS (VBE Match) ..•.................... 4OI'V Typ 
100l'V Max 

• Low TCVos ............................ 0.51'V/·C Max 
• High hFE ...............•..•.........••...... 500 Min 
• Excellent hFE Linearity from 10nA to 10mA 
• Low Noise Voltage ..•.•.••. 0.23I'Vp.p - 0.1 Hz to 10Hz 
• High Breakdown ............................ 45V Min 
• Available In Die Form 

ORDERING INFORMATJONt 

TA=2S·C 
VosMAX 

(mV) 

0.1 
0.5 

PACKAGE 

MAT01AH" 
MAT01GH 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 

• For devices processed In total compliance to MIL·STO·883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts In 
CerDIP, plastic alP, and TO·can packages. 

GENERAL DESCRIPTION 

The MAT-01 is a monolithic dual NPN transistor. An exclu
sive Silicon Nitride "Triple-Passivation" process provides 
excellent stability of critical parameters over both tempera
ture and time. Matching characteristics include offset voltage 
of 40l'V, temperature drift of 0.1SI'V/· C, and hFE matching of 
0.7%. Very high hFE is provided over a six decade range of 
collector current, including an exceptional hFE of S90 at a 
collector current of only 10nA. The high gain at low collector 
current makes the MAT -01 ideal for use in low-power, 
low-level input stages. 

PIN CONNECTIONS 

C@(TOPVIEW)C, 
1 6 

812 5B2 

E13 4E2 

REV. A 

NOTE: 

TO-78 
(H-Suffix) 

Substrate is connected to case. 

Matched Monolithic 
Dual Transistor 

MAT-Ol I 

ABSOLUTE MAXIMUM RATINGS (Note 4) 

Collector-Base Voltage (BVCBO) 
MAT-01AH, GH, N ............................... 4SV 

Collector-Emitter Voltage (BVCEO) 
MAT-01AH, GH, N ............................... 4SV 

COllector-Collector Voltage (BVcc) 
MAT-01AH, GH, N ............................... 4SV 

Emitter-Emitter Voltage (BVEE) 
MAT-01AH, GH, N ............................... 4SV 

Emitter-Base Voltage (BVEBO) (Note 1) ..........•..... SV 
Collector Current (Ic) ............................. 2SmA 
Emitter Current (IE) ............................... 2SmA 
Total Power Dissipation 

Case Temperature :5 40· C (Note 2) .........•.... 1.8W 
Ambient Temperature:5 70· C (Note 3) ......... SOOmW 

Operating Ambient Temperature. . . . . .. -SS· C to + 12S· C 
Operating Junction Temperature ....•. -SS· C to + 1S0· C 
Storage Temperature ................. -6S· C to + 150· C 
Lead Temperature (Soldering, 60 sec) ..•.......... 300·C 
DICE Junction Temperature ........... -6S· C to + 1S0· C 

NOTES: 8 
1. Application of reverse bias voltages in excess of rating shown can result In 

degradation of hFE and hFE matching characteristics. 00 not attempt ,to 
measure BVEBO greater than the 5V rating shown. 

2. Rating applies to applications using heat sinking to control case tempera
ture. Derate linearly at IS.4mW'0 C for case temperatures above 40" C. 

3. Rating applies to applications not using heatsinking; device in free air only. 
Derate linearly at S.3mW'0 C for ambient temperatures above 70° C. 

4. Absolute maximum ratings apply to both DICE and packaged devices. 

BURN-IN CIRCUIT 

+20V 

Ai = 50kll 
10l'F 

R1""'5OkO l 

-20Y 

MA TCHED TRANSISTORS 8-5 



MAT-Ol 
ELECTRICAL CHARACTERISTICS at VCB = 15V, Ic = 10"A, TA = 250 C, unless otherwise noted. 

MAT-CI1AH MAT-CI1GH .. 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Breakdown Voltage BVCEO Ic= l00"A 45 45 V 

Offset Voltage Vas 0.04 0.1 0.10 0.5 mV 

Offset Voltage Stability 
First Month Vas/Time (Note 1) 2.0 2.0 "VlMo 
Long-Term (Note 2) 0.2 0.2 

Offset Current los 0.1 0.6 0.2 3.2 nA 

Bias Current IB 13 20 18 40 nA 

Ic= 10nA 590 430 
Current Gain hFE Ic =10"A 500 770 250 5BO 

Ic=10mA B40 610 

Current Gain Match AhFE 
Ic =10"A 0.7 3.0 1.0 8.0 

'110 
l00nA" Ic" 10mA 0.8 1.2 

Low Frequency Noise 8 np_p O.IHzto 10Hz (Note 3) 0.23 0.4 0.23 0.4 "Vp-p Voltage 

Broadband Noise 
1Hz to 10kHz 0.60 0.60 "VRMS Voltage 8 nRMS 

Noise Voltage 
fo =10Hz(Nota3) 7.0 9.0 7.0 9.0 

en fo = 100Hz (Nota 3) 6.1 7.6 6.1 7.6 nVl,fHi: 
Density 

fo= 1000Hz (Nota 3) 6.0 7.5 6.0 7.5 

Offset Voltage Change AVos/AVce O"VCB,,30V 0.5· 3.0 0.8 8.0 "VlV 
Offset Current Change AlosIAVCB 0" Vcs "30V 2 15 3 70 pAN 

COllector-Base 
Icso 

Vcs=30V,IE=0 
15 50 25 200 

Leakage Current (Note 4) 
pA 

Collector-Emitter 
ICES 

VCE = SOV, VBE = 0 
50 200 90 400 

Leakage Current (Notes 4, 6) 
pA 

Collector-Collector 
Icc VCC = SOV, (Note 6) 20 

Leakage Current 
200 SO 400 pA 

Collector Saturation 
VCEISATI 

IB=O.lmA, Ic= lmA 0.12 0.20 0.12 0.25. 
V 

Voltage IB= lmA,lc= 10mA 0.8 0.8 

Gain-Bandwidth Product fT VCE= 10V,lc = 10mA 450 450 MHz 

Output CapaCitance Cob Voe=15V.IE=0 2.8 2.8 pF 

Collector-Collector 
Cco Vcc=O 8.5 6.5 pF 

Capacitance 

ELECTRICAL CHARACTERISTICS at VCB = 15V, Ic = 10"A, -550 C:5 TA:5 + 1250 C, unless otherwise noted. 

MAT-G1AH MAT-CI1GH 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Offset Voltage Vos 0.06 0.15 0.14 0.70 mV 

Average Offset 
TCVes (Note 7) 0.15 0.50 0.S5 1.8 "VI'C Voltage Drift 

Offset Current los 0.9 8.0 1.5 15.0 nA 

Average Offset 
TClos (NoteS) 10 90 15 150 pAloC 

Current Drift 

Bias Current 18 28 60 36 130 nA 

Current Gain hFE 167 400 77 300 

Collector-Base 
ICBO 

TA = 125° C. Vce = SOY, 
15 80 25 200 nA 

Leakage Current IE=0(Note4) 

Collector-Emitter 
ICES 

TA = 125' C. VCE = 3OV, 
50 SOO 90 400 nA 

Leakage Current VSE=O (Notes4,6) 

Collector-Collector 
Icc 

TA = 125'C. Vce = 30V 
30 200 50 400 nA 

Leakage Current (Note 6) 

8-6 MA TCHED TRANSISTORS REV. A 



DICE CHARACTERISTICS 
r-------------------------------------

DIE SIZE 0.035 X 0,025 Inch, 875 sq. mils 
(0.89 X 0.64 mm, 0.58 sq. mm) 

1. COLl.ECTOR (1) 
2. BASE (1) 
3. EMITTER (1) 
5. EMITTER (2) 
6. BASE (2) 
7. COLLECTOR (2) 

WAFER TEST LIMITS at VCB = 15V and Ic = 10!,A, T A = 25'C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Breakdown Voltage BVCEO 

Offset Voltage Vas 
.-.--------~-----------.--.-

Offset Current ____ lOS 

MAT-01N 
LIMITS UNITS 

05 mVMAX 

3.2 nAMAX 

IB nA MAX -----------"----------------------------_. __ ._------_._-------_._------_._-_._-_. ---- ------
Bias Current 40 

------
Current Gai n hFf 250 MIN - --------_._---
Current Gain Match 

Offset Voltage Change :'VOS/!lVCB 
---.- -------

Offset Current Change ilfos/D.VCB 
-------------.. --------~-- ... 

Collector Saturation Voltage VeE (SAT) 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in asembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at VCB = 15V and Ic = 1OI-'A, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL 

Average Offset Voltage Drift TCVos 
--------------_."-----

Average Offset Current Drift TClos 

CONDITIONS 
------_. -------------_._-

MAT-om 
TYPICAL 

0.35 

15 

UNITS 

~V/'C 

pA/OC 
-----------~------------ ----------- --------------- _.- ----_._-------._----------
Collector-Emitter-Leakage Current ICES VeE = 30V, VBE,_~_O _____ _ 

_ ._--------- --~--~----------~-
_C_o_lIe_c_t_o_r-_B_as_e_-_Le_a_k_a=.ge_C_u_rr_e_n_t ____ --'lc"B"'O'--_______ V:=.CB"---= 30V, IE = 0 

Gain Bandwidth Product fT VCE~ 10V, Ic~ 10mA 

Offset Voltage Stability 

NOTES: 

IlVos/T 
First Month (Note 1 ) 

Long-Term (Note 21 

25 

450 

2.0 
0.2 

1. Exclude first hour of operation to allow for stabilization. 5. Guaranteed by los test limits over temperature. 
2. Parameter describes long-term average drift after first month of ope ration. 6. Icc and ICES are guaranteed by measurement of ICBO. 

pA 

MHz 

p.V/Mo 

3. Sample tested. 
4. The collector-base (lCBO) and collector-emitter (ICES) leakage currents 

may be reduced by a factor of two to ten times by connecting the substrate 
(package) to a potential which is lower than either collector voltage. 

Vos 
7. Guaranteed by Vas test (TeVos "" - for Vas 4; VSE) T = 298°K for TA 

~ 25'C. T 

REV. A MATCHED TRANSISTORS 8-7 



MAT~Ol 
TYPICAL PERFORMANCE CHARACTERISTICS 

2110 

~ 
'50 

w 

~ g 100 

~ 
o 50 

o 

'DOD 

8DD 

I . 8DD 
~ 
~4DD 
II: a 

200 

o 

OFFSET VOLTAGE 
VI TEMPERATURE 

OVQJCB.;3(JV 

MATV 
...- ...-

....-...-,-
V 

MAT..Q1A 

~ -~ -
o ~ -2& 26 7& 100 126 160 

TEMPERATURE (OC) 

CURRENT GAIN 
VI COLLECTOR CURRENT 

MAh -

,.... 
./ MAT!!! 

/" ,.. 
.... ~ 

TA = 25°C 
VCB= 15V 

1nA 1DnA l00nA 1pA 10pA 1DDI&A 1rnA 10mA 100mA 

COLLECTOR CURRENT 

NOISE VOLTAGE 
,DODr----r----r---~----T---~ 

~ 
~ 'DO 1----+----

~ 
c 
w 

~ g 

~ Ie = ~A TYPICAL 

~'~L'----~---'~D----'~DO----~'k--~'~ 
FREQUENCY (Hz) 
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~ 10 

w 

" ;! • 
g • 
t:; 
~ 2 
c 
;!! 

w '"" ! 
is"''' 
~ ..... 
~ ..... 
" -'0 

OFFSET VOLTAGE VI TIME 

DEVICE"A" 

..-~~-: 
,,~. [V" ... ...., .... 1-;;lQ; .. ~ .. 
PI.\ I~ -

DEVICe"C" 

o , 2 3 4 6 8 7 8 9 10 11 12 13 
TIME (MONTHS)' 

CURRENT GAIN 
VI TEMPERATURE 

'DOD r--r--T---r--..,---r--r--.,.--, 

8DD f--+---1-+-+---,,j£.-+ 
I 
~ 
"'8DDI--+--+-:A--+'';:-I--+--t--l 
~ 
~ 

4DD I-+--,.i<'--!-

NOISE CURRENT DENSITY 
'OO.Dr----r----r----r----r---~ 

NOISE CURRENT 
DENSITY T A a 26"c 

FREQUENCY (Hz! 

BASE-EMITTER VOLTAGE 
VI COLLECTOR CURRENT 

'0mA 

I."U ~ ,mA 
,1IQoA 

.P 
~ ,""" 
~ 1pA 

~ 
u 'DOnA 

~,~ 
~ ,nA 

A<O.1mV 

/ If 

V 

.6<O.3mV 

V 

I 
V ~A~~oC, 

" ""EVI~TI:"IF~OM 
,,<~~Il'" I ST~AI,G~T ~'N,E I 

II II I ,
,0fA 

'0 'DO 200 300 400 SOD 8DD 7DD 8DD 
BASE·EMITTER VOLTAGE (mV) 

,~o 

SATURATION VOLTAGE 
VI COLLECTOR CURRENT 

ao~~o,~~w~~,~~~,.o~-U~,o~»~~~,~~o 
COLLECTOR CURRENT (rnA) 

'DOD 
N 

~600 ... 
!l200 
8 
f1°O 

~ 60 

I 20 

z '0 
~ ,. . ... 
~ 2 

, 

GAIN-BANDWIDTH 
VI COLLECTOR CURRENT 

MAT .. I, / 
/ 

/ 
1/ TA=2I1'C-

J veE = 10V 

/ 

/ 
,"" ,""" '..... ,mA ,0mA 'DDmA 

COLLECTOR CURRENT 
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MAT-01 TEST CIRCUITS 

MAT-01 MATCHING MEASUREMENT CIRCUIT 

+16.5V +16.5V 

v-

MAT-01 NOISE MEASUREMENT CIRCUIT 

+'5V 

·MATCHED TO 0.01% 

-'5V 

TEST 

Noise Voltage Density 
(Per Transistor) 

Noise Current Density 
(Per Transistor) 

Low Frequency Noise 
(Referred to Input) 

REV. A 

man ,% 

SIA 

X 

0 

X 

+15V 

-15V 

4k1l 

-= 

SIB S2 S3 READING 

X X A V01 / ,j2 

0 X A V01/(,j2x 4Mn) 

X 0 B 
V02 PEAK-TO-PEAK 

25.000 

SPECTRUM 
ANALYZER 

OR 

MAT-Ot 

a~cA:oT:~H V01 
ANALYZER 
2181/2283 NOISE 

L.. __ -' DENSITY 

LOW 
FREQUENCY 
NOISE 
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MAT-Ol 
APPLICATION NOTES 
Application of reverse bias voltages to the emitter-base 
junctions in excess of ratings (5V) may result in degradation 
of hFE and hFE matching characteristics. Circuit designs 
should be checked to ensure that reverse bias voltages above 
5V cannot be applied during such transient conditions as at 
circuit turn-on and turn-off. 

Stray thermoelectric voltages generated by dissimilar metals 
at the contacts to the input terminals can prevent realization 
of the predicted drift performance. Both input terminals 
should be maintained at the same temperature, preferably 
close to the temperature of the device's package. 

TYPICAL APPLICATIONS 

PRECISION REFERENCE 

+-----------------t-----oVREF 

t-----------~--------.------~ ~ 

R' 
1.6kf! 

VREF '" 7.0V 

TCVREF ~ 'Oppml"C 
Ro~40n 

R, MAY BE ADJUSTED TO MINIMIZE TCVREF' INCREASING R, WILL 
CAUSE A POSITIVE CHANGE IN TCVREF. 
NOTE: hFE OF 0' WILL BE REDUCED BY OPERATION OF BREAKDOWN 

MODE. 

BASIC DIGITAL THERMOMETER READOUT IN 
DEGREES KELVIN (OK) 

SENSING 
PAIR 
MAT-01H 

ac oK EO 

-66"C = 218"K =2.1BV 
+25"C ., 2980 K = 2.98V 

+12S"C" 398"K = 3.98V 

8-10 MATCHED TRANSISTORS 

PRECISION OPERATIONAL AMPLIFIERS 

+15V 

Rl 

+15V 

Cc 

-15V 

'MATCH TO 0.'% 

-15V 
"SEE TABLE FOR SPECIFIC DEVICE TYPE 

THIS CONFIGURATION CAN ALSO BE USED WITH THE LOW POWER 
OP-2' OR MICROPOWER OP-22 TO ACHIEVE A LOW NOISE AND LOW 
POWER PRECISION OP-AMP. 

MAT-01AH MAT-01AH MAT-01GH MAT-01GH 
OP-02A OP-02A OP-02 OP-02 

Vos 0.15mV 0.27mV O.65mV 1.2mV 
Maximum 

TCVos 
0.6I'V/"C 'I'VrC 2I'V/"C 4I'V/"C 

Maximum 

los O.BnA 0.1nA 3.2nA 0.32nA 
Maximum 

18 20nA 2nA 40nA 4nA 
Maximum 

Gain 
2,000,000 2,000,000 SOO,OOO BOO,OOO 

Minimum 

Is 2Ol'A 21'A 2Ol'A 21'A 

Rl 100kO 1MO 100kO 1MO 

DIGITAL THERMOMETER WITH READOUT IN °C 

REV. A 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
• Low Offset Voltage .......................•. 50/l V Max 
• Low Noise Voltage at 100Hz, 1mA .. , 1.0nV/y'HZ Max 
• High Gain (hFe> .................. 500 Min atle = 1mA 

......•.•...•.•.... 300 Min at Ie = 1/lA 
• Excellent Log Conformance ............... raE = 0.30 
• Low Offset Voltage Drift .• :............. 0.1/l VI· C Max 
• Improved Direct Replacement for LM194/394 
• Available In Ole Form 

ORDERING INFORMATION I 

TA =+2S'C PACKAGE OPERATING 
VosMAX LCC TEMPERATURE 

("V) T0-78 20..cONTACT RANGE 

50 MAT02AH* MIL 
50 MAT02EH INO 

150 MAT02BRC/883 MIL 
150 MAT02FH INO 

• For devices processed in total compliance to MIL·STD·883. add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts In 
CerDIP, plastic DIP, and TO·can packages. 

GENERAL DESCRIPTION 
The design of the MAT-02 series of NPN dual monolithic 
transistors is optimized for very low noise, low drift, and low 
reE. Precision Monolithics' exclusive Silicon Nitride "Triple
Passivation" process stabilizes the critical device parameters 
over wide ranges of temperature and elapsed time. Also, the 
high current gain (hFE) of the MAT-02 is maintained over a 
wide range of collector current. Exceptional characteristics 
of the MAT-02 include offset voltage of 50/lV max (A/E 
grades) and 150/lV max (B/F grades). Device performance is 
specified over the full military temperature range as well as 
at 25·C. 

Input protection diodes are provided across the emitter-base 
junctions to prevent degradation of the device character
istics due to reverse-biased emitter current. The substrate is 
clamped to the most negative emitter by the parasitic 
isolation junction created by the protection diodes. This 
results in complete isolation between the transistors. 

The MAT-02 should be used in any application where low 
noise is a priority. The MAT-02 can be used as an input s~ 
to make an amplifier with noise voltage of less than 1.0nVly' Hz 
at 100Hz. Other applications, such as log/anti-log circuits, 
may use the excellent logging conformity of the MAT-02. 
Typical bulk resistance is only 0.30 to 0.40. The MAT-02 
electrical characteristics approach those of an ideal transistor 
when operated over a collector current range of 1 /lA to lOrnA. 
For applications requiring multiple devices see MAT-04 Quad 
Matched Transistor data sheet. 

REV.C 

Low-Noise Matched 
Dual Monolithic Transistor 

PIN CONNECTIONS 

81 2 

MAT-02 I 

TO-78 
(H-Suffix) 

MAT -02BRC/883 
20-LEAD LCC 

(RC-Suflix) 

NOTE: Substrate is connected to case on TO-78 package. Substrate 
is normally connected tethe most negative circuit potential, 
but can be floated. 

ABSOLUTE MAXIMUM RATINGS (Note 3) 

Collector-Base Voltage (BVceo) .................... 40V 
Collector-Emitter Voltage (BVCEO) .................. 40V 
Collector-Collector Voltage (BVccJ ................. 40V 
Emitter-Emitter Voltage (BVEE) ..................... 40V 
Collector Current (lcJ ............................. 20mA 
Emitter Current (IE) ............................... 20mA 
Total Power DisSipation 

Case Temperature ,,40°C (Note 1) ................................ 1.8W 
Ambient Temperature ,,70°C (Note 2) ....................... 500mW 

Operating Temperature Range 
MAT-02A, B ................................................. -55°C to +125°C 
MAT-02E, F ................................................... -25°C to +85°C 

Operating Junction Temperature .................. -55°C to + 150°C 
Storage Temperature .................................... -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ......................... +300°C 
Junction Temperature ................................... -65°C to + 150°C 

NOTES: 
1. Rating applies to applications using heatsinking to control case temperature. 

Derate linearly at 16.4mW/oC for case temperature above 40°C. 
2. Rating applies to applications not using heat sinking; device in free air only. 

Derate linearly at 6.3mW/oC for ambient temperature above 70°C. 
3. Absolute maximum ratings apply to both DICE and packaged devices. 
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MAT-02 
ELECTRICAL CHARAcTERISTICS at VCB = 15V, Ic = 101'A, TA = 25° C, unless otherwise noted. 

MAT-G2A1E MAT-G2B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

le=lmA (Note 1) 500 605 400 605 

Current Gain 
le= 100"A 600 590 400 590 

hFE 
le=10"A 400 550 300 550 

le=I"A 300 485 200 485 

Current Gain Match ah FE lO"ASle SlmA. (Note 2) 0.5 2 0:5 4 'l!. 

Ollset Voltage Vas 
VeB=O 

10 50 80 150 /IoV 
I/1oASle SlmA (Note 7) 

Offset Voltage 
avos/aVee 

OSVeesVMAx, (Note 6) 
to i 25 10 50 /IoV 

Change VS Vee I/1oA Sle SlmA (Note 7) 

Offset Voltage Change 
aVos/ale 

Vee = OV 
YS. Collector Current I/1oASle SlmA (Note 7) 

5 25 5 50 /IoV 

Ollset Current 
alos/aVee 

Change vs Vee 
0::; VeeS VMAX 30 70 30 70 pAN 

Bulk Resistance reE 10lloAsle S10mA (Note 3) 0.3 0.5 0.3 0.5 n 

Collector-Base 
leeo Vee=VMAx 25 

Leakage Current 
200 25 400 pA 

Collector-Collector 
lee Leakage Current 

Vee = VMAX• (Notes 3.5) 35 200 35 400 pA 

Collector-Emitter 
ICES 

VeE = VMAX• (Notes 3. 5) 
35 200 400 

Leakage Current VeE=O 
35 pA 

Ie = lmA. Vee = O. (Note 4) 
10= 10Hz 1.6 2 1.6 3 

Nois. Voltage Density en 10= 100Hz 0.9 0.9 2 nV/JHZ 
10=lkH~ 0.85 0.85 2 
10= 10kHz 0.85 0.85 

Collector Saturation 
VCE(SAT) 

le=lmA 
0.05 0.1 

Voltage IB= 100/loA 
0.05 0.2 V 

Input Bias Current Ie le= IO/loA 25 34 nA 

Input Offset Current los le= 10/loA 0.6 1.3 nA 

Breakdown Voltage BVeEo 40 40 V 

Gain-Bandwidth Product IT Ie = 10mA. VeE = 10V 200 200 MHz 

Output Capacitance COB Vee = 15V. IE = 0 23 23 pF 

Collector-Collector 
Cee Vee=O 

Capacitance 
35 35 pF 

NOTES: 3. Guaranteed by design. 
1. Current gain is guaranteed with Collector-Base Voltage (Veel swept Irom 4. Sample tested. 

o to V""AX at the indicated collector currents. 5. Icc and ICES are verified by measurement of ICBO' 
2. Current Gain Match (ah FE) is delined as: 6. This is the maximum change in Vos as Vee is swept from OV to 40V. 

100 (alB) (hFE min) 
7. Measured at Ie = 10/loA and guaranteed by design over the specilied range 

ah FE = 
Ie 

01 Ie. 
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MAT-02 
ELECTRICAL CHARACTERISTICS VCB = 15V, -25° C:5 TA:5 +85° C, unless otherwise noted. 

MAT-02E MAT-02F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 
VCB=O 70 220 
1!'A" Ic" 1mA (Note 5) 

Average Offset 1O!'A" Ic" 1mA, O"VCB " VMAX' (Note 1) 0.08 0.3 0.08 

Voltage Drift 
TCVos 

Vos Trimmed to Zero, (Note 3) 0.03 0.1 0.03 0.3 

Input Offset Current los Ic= 10!,A 13 nA 

Input Offset 
TClos 

Current Drift 
Ic = 10!,A, (Note 4) 40 90 40 150 pArc 

Input Bias Current IB Ic= 10!,A 45 50 nA 

Ic = 1mA, (Note 2) 325 300 

Ic= 100!,A 275 250 
Current Gain hFE Ic= 10!,A 225 200 

Ic=1!'A 200 150 

Collector~Base 

Leakage Current Iceo VCB= VMAX 2 3 nA 

Collector-Emitter 
ICES VCE = VMAX, VBE = 0 3 4 

Leakage Current 
nA 

COllector-Collector 
Icc Vcc= VMAX 3 4 

Leakage Current 
nA 

ELECTRICAL CHARACTERISTICS VCB = 15V, -55°C:5 TA:5 +125°C, unless otherwise noted. 

MAT-02A MAT-02B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 
VCB=O 80 250 !'V 
1!'A" Ic" 1mA (Note 5) 

----------------------~--~----~--~--------------------------------------------------
Average Offset 

TCVos 
101lA" Ic" 1mA. 0" VCB " VMAX' (Note 1) 

Voltage Drift Vas Trimmed to Zero, (Note 3) 

Input Offset Current los Ic= 10!,A 

Input Offset 
TClos Ic = 10!,A, (Note 4) 

Current Drift 

Input Bias Current IB Ic=10!'A 

IC = 1mA, (Note 2) 

Current Gain hFE 
Ic= 100!,A 

Ic=10!'A 
Ic=1!'A 

COllector-Base 
ICBO 

VCB = VMAX 
Leakage Current TA = 125"C 

Collector-Emitter 
ICES 

VCE = VMAX, VBE = 0 
Leakage Current TA = 125"C 

Collector-Collector 
Icc 

VCC= VMAX 
Leakage Current TA = 125"C 

NOTES: V 
1. Guaranteed by Vas test (TCVos ~ ...Ql! for Vas < VB.) T = 298k for 

TA=25"C. T 
2. Current gain is guaranteed with COllector-Base Voltage (Vea) swept from 

o to VMAX at the indicated collector current. 
3. The initial zero offset voltage is established by adiusting the ratio of IC1 to 

IC2 at TA = 25°C. This ratio must be held to 0.003% over the entire 
temperature range. Measurements are taken at the temperature extremes 
and 25°C. 

4. Guaranteed by design. 
S. Measured at Ic= 10",A and guaranteed bydesign Dverthe specified range 

of Ic. 

REV.C 

0.08 0.3 0.08 
0.03 0.1 0.03 0.3 

15 nA 

40 90 40 150 pAI"C 

80 70 nA 

275 250 
225 200 
175 150 
150 100 

15 25 nA 

50 50 nA 

30 40 nA 
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MAT-02 
DICE CHARACTERISTICS 

DIE SIZE 0.061 X 0.057 inch, 3,477 sq. mils 
(1.549 X 1.448 mm, 224 sq. mm) 

1. COLLECTOR 1 
2. BASE 1 
3. EMITTER 1 
4. CO.LLECTOR 2 
5. BASE2 
6. EMITTER 2 
7. SUBSTRATE 

WAFER TEST LIMITS at 25°C for VCB = 15V and Ic = 10~A. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Breakdown Voltage BVCEO 

Offset Voltage Vos 10"A$lc $lmA (Note 1) 

Input Offset Current los 

Input Bias Current Ie Vce=OV 

Current Gain hFE 
Ic=lmA,Vce=OV 

Ic= 10"A, Vce = OV 

Current Gain Match ahFE 10"A $lc$lmA, Vce=OV 

Offset Voltage 
avos/avce 

OV$Vce $40V 

Change vs Vce 10"A $lc$lmA (Note 1) 

Offset Voltage Change 
aVos/alc 

Vce=O 
vs. Collector CUrrent 10"A $lc$lmA (Note 1) 

Bulk Resistance rBE IOOI'A$lc$10mA 

Collector Saturation 
VCE(SATI 

Ic=lmA 
Voltage IB= IOOI'A 

NOTES: 
1. Measured at Ic = 10,..A and guaranteed by design over the specified range 

ofl c · 

MAT-02N 
LIMITS UNITS 

40 VMIN 

150 "V MAX 

1.2 nAMAX 

34 nAMAX 

400 
MIN 

300 

4 %MAX 

50 "V MAX 

50 I'VMAX 

0.5 11 MAX 

0.2 V MAX 

Electrical tests are pel10rmed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS VCB = 15V, Ic = 10~A, TA = 25°C, unless otherwise noted. 

MAT-02N 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Average Offset 
TCVos 

IOI'A$lc$lmA 
0.08 I'VioC 

Voltage Drift OSVCSSVMAX 

Average Offset 
TClos Ic= 10l'A 40 pA/oC 

Current Drift 

Gain-Bandwidth 
fT VCE = 10V, Ic = 10mA 200 MHz 

Product 

Offset Current Change vs Vcs alos/aVcs 0$Vce $40V 70 pAIV 
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TYPICAL PERFORMANCE CHARACTERISTICS 

••• 
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MAT-02 
TYPICAL PERFORMANCE CHARACTERISTICS 
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LOG CONFORMANCE TEST CIRCUIT 

~ , 
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LOG CONFORMANCE TESTING 
The log conformance of the MAT·02 is tested using the 
circuit shown above. The circuit employs a dual transdiode 
logarithmic converter operating at a fixed ratio of collector 
currents that are swept over a 10:1 range. The output of each 
transdiode converter is the VBE of the transistor plus an error 
term which is the product ofthe co"ectorcurrent and rBE, the 
bulk emitter resistance. The difference of the VBE is amplified 
at a gain of X100 by the AMP-01 instrumentation amplifier. 
The differential emitter-base voltage (<1VBE) consists of a 
temperature-dependent DC level plus an AC error voltage 
which is the deviation from true log conformity as the collector 
currents vary. 

The output of the transdiode logarithmic converter comes 
from the idealized intrinsic transistor equation (for silicon): 

kT 10 
VBE=- In-I where (1) 

q s 
k = Boltzmann's Constant (1.38062 X 10-23 JI" K) 
q = Unit Electron Charge (1.60219 x 10-19 C) 
T = Absolute Temperature, 0 K (= 0 C + 273.2) 
Is = Extrapolated Current for VBE-O 
10 = Collector Current 

REV.C 

I , 

MAT-02 

, 
, SIDE A D.U.T. 

\ 
I 

I -= '" 

5000 

INSTRUMENTATION 
AMPLIFIER 

+15V 
IN914 

-= 
AV "" 100 

-ISV 

soon 

lN914 

-= 

SIDE B D.U.T. 

An error term must be added to this equation to allow for the 
bulk resistance (rBE) ofthe transistor. Errordue to the op amp 
input current is limited by use of the OP-15 BIFET-input op 
amp. The resulting AMP-01 input is: 

kT 101 
<1VBE = - In - + 101 rBEl - 102 rSE2 (2) 

q 1C2 

A ramp function which sweeps from 1 V to 10V is converted by 
the op amps to a collector current ramp through each 
transistor. Because 101 is made equal to 10 102, and assuming 
T A = 250 C, the previous equation becomes: 

<1VBE = 59mV + 0.9 101 rBE (<1rSE - 0) 

As viewed on an oscilloscope, the change in <1VBE for a 10:1 
change in 10 is then displayed as shown below: 

{ 
_____ ) OVa=·OICI"'. 

VOUT --------) 
5.9V 

COLLECTOR CURRENT I 
ImA 10mA 
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MAT-02 
With the oscilloscope AC coupled. the temperature depen
dent term becomes a DC offset and the trace represents the 
deviation from true log conformity. The bulk resistance can 
be calculated from the voltage deviation 4Voand the change 
In collector current (9mA): 

4Vo 1 
rBE = 9mA x 100 (3) 

This procedure finds rBEforSlde A. Switching R, and R2Will 
provide the rBEforSide B. Differential rBEis found by making 
R,=R2' 

APPLICATIONS: NONLINEAR FUNCTIONS 
MULTIPLIER/DIVIDER CIRCUIT 
The excellent log conformity of the MAT -02 over a very wide 
range of collector current makes It Ideal for use In log-antilog 
circuits. Such nonlinear functions as multiplying. dividing. 
squaring. and square-rooting are accurately and easily 
implemented with a log-antilog circuit using two MAT-02 
pairs (see Figure 1). The transistor circuit accepts three input 
currents (I,. 12. and 13) and provides an output current 10 
according to 10= 1,1:z/13. All four currents must be positive in 
the log-antilog circuit. but negative Input voltages can be 

R3 
v z .,-

R, 
vx 

R2 
vy 

v x • v y • Vz >0 

":" 

Figure 1. One-Quadrant Multiplier/Divider 
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easily accomodated by various offsetting techniques. Pro
tective diodes across each base-to-emltter junction would 
normally be needed. but these diodes are built into the 
MAT -02. External protection diodes are therefore not needed. 

For the circuit shown In Figure 1. the operational amplifiers 
make I, = Vx/R,. 12= Vy/R2. 13= Vz/R3. and 10= VoIRo.The 
output voltage for this one-quadrant. log-antilog multiplier/ 
divider is ideally: 

R3 Ro VxVy 
Vo = R, R2 --v;- (Vx. Vy. Vz> 0) (4) 

If all the resistors (Ro. R,. R2. R3) are made equal. then Vo= 
VxVyNz. Resistorval ues of 50kO to 100kO are recommended 
assuming an input range of 0.1V to +10V. 

ERROR ANALYSIS 
The base-to-emitter voltage of the MAT-02 in its forward
active operation Is: 

kT Ic 
VBE=-In-I +rBE.lC.VCB-O 

q s 
(5) 

The first term comes from the idealized intrinsic transistor 
equation previously discussed (see equation (1)). 

Co 

":" 

3.3ka 

-10 Ro 

vo 

V _ R3RO VXVy 
o-1fjlI2 -vz 

":" 

REV.C 



" 

"2 
r---------.! 

3kn 

FIgure 2. Compensation of Bulk Reilitance Error 

Extrinsic resistive terms and the Early effect cause departure 
from the ideal logarithmic relationship. For small VCB, all of 
these effects can be lumped together as a total effective bulk 
resistance rBE. The rBEIC term causes departure from the 
desired logarithmic relationship. The rBEterm for the MAT-02 
is less than 0.50 and <1rBEbetween the two sides is negligible. 

Returning to the multiplier/divider circuit of Figure 1 and 
using Equation (4): 

VBE1A + VBE2A - VBE2B- VBE1B+ (11 + 12-10-13) rBE= 0 

If the transistor pairs are held to the same temperature, then: 

kT 11 12 kT ISlA 1S2A 
-In --= -In I I + (11 + 12 - 10 - 13) rBE (6) 
q 13 10 q SlB S2B 

If all the terms on the right-hand side were zero, then we 
would have In (11 12//3 10) equal to zero which would lead 
directly to the desired result: 

11 12 
10 = I;- , where 11, 12, 13, 10> 0 (7) 

Note that this relationship is temperature independent. The 
right-hand side of Equation (6) is near zero and the output 
current 10 will be approximately 11 12//3' To estimate error, 
define I/> as the right-hand side terms of Equation (6): 

ISlA 1S2A q 
1/>= In I I +kT(11+12- lo- 13)rBE (8) 

SlB S2B 

For the MAT-02, In (lsAllsB) and ICrBE are very small. For 
small 1/>, EI/> - 1 + I/> and therefore: 

~=1+1/> 
13 10 

(9) 

1112 
10 -1;-(1-1/» 

The In (lsAlISB) terms in I/> cause a fixed gain error of less than 
±0.6%from each pair when using the MAT-02, and this gain 
error is easily trimmed out by varying Ro. The IcrBEtermsare 
more troublesome because they vary with signal levels and 
are multiplied by absolute temperature. At 25°C, kT/q is 
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MAT-02 
approximately 26mV and the error due to an rBEI c term will be 
rBElcl26mV. Using an rBE of 0.40 for the MAT-02 and 
assuming a collector-current range of up to 200"A. then a 
peak error of 0.3% could be expected for an rBEIC error term 
when using the MAT-02. Total error is dependent on the 
specific application configuration (multiply, divide, square, 
etc.) and the required dynamic range. An obvious way to 
reduce ICrBE error is to reduce the maximum collector 
current, but then op amp offsets and leakage currents 
become a limiting factor at low input levels. A design range of 
no greater than 10"A to 1 mA is generally recommended for 
most nonlinear function circuits. 

A powerful technique for reducing error due to I CrBE is shown 
in Figure 2. A small voltage equal to ICrBE is applied to the 
transistor base. For this circuit: . 

The error from rBEIC is cancelled if Rc/R2 is made equal to 
rBE/Rl' Since the MAT -02 bulk resistance is approximately 
0.390, an Rc of 3.90 and R2 of 10Rl will give good error 
cancellation. 

In more complex circuits, such as the circuit in Figure 1, it 
may be inconvenient to apply a compensation voltage to 
each individual base. A better approach is to sum all 
compensation to the bases of Q1. The "A" side needs a base 
voltage of (Vo/Ro+ Vz/R3) rBE and the "8" side needs a base 8 
voltage of (VX/Rl+ Vy/R2) rBE. Linearityofbetterthan±0.1% 
is readily achievable with this compensation technique. 

Operational amplifier offsets are another source of error. In 
Figure 2, the input offset voltage and input bias current will 
cause an error in collector current of (VOs/Rl) + lB. A low 
offset op amp, such as the OP-07 with less than 75"V of Vos 
and IBOf less than ±3nA, is recommended. The OP-22132, a 
programmable micropower op amp, should be considered if 
low power consumption or single-supply operation is 
needed. The value of frequency-compensating capacitor 
(Co) is dependent on the op amp frequency response and 
peak collector current. Typical values for Co range from 
30pF to 300pF. 

FOUR-QUADRANT MULTIPLIER 
A simplified schematic for a four-quadrant log/antilog multi
plier is shown in Figure 3. As with the previously discussed 
one-quadrant multiplier, the circuit makes 10 = 11 12/13' The 
two input currents, 11 and 12, are each offset in the positive 
direction. This positive offset is then subtracted out at the 
output stage. Assuming ideal op amps, the currents are: 

Vx VR Vy VR 
11 =~+ R2 ,12=R";"+R; 

(11 ) 
Vx Vy VR Vo VR 

10= 'R';+ 'R';+R;+ Ro' 13=R; 

From 10= 1112//30 the output voltage will be: 

Ro R2 Vx Vy 
Vo = """'R;2 v;- (12) 
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MAT-02 
Collector-current range is the key design decision. The 
inherently low rSE of the MAT -02 allows the use of a relatively 
high collector current. For input scaling of ± 10V full-scale 
and using a 10V reference. we have a collector-current range 
for 11 and 12 of: 

( -10 +~)·$IC$ (~+.!Q..) (13) 
R1 R2 R1 R2 

Practical values for R1 and R2 would range from 50kO to 
100kO. Choosing an R1 of 82kO and R2 of 62kO provides a 
collector-current range of approximately 39pA to 283pA. An 
Ro of 108kO will then make the output scale factor 1/10 and 
Vo = Vx Vy/10. The output. as well as both inputs. are scaled 
for ± 10V full-scale. 

Linear error for this circuit is substantially improved by the 
small correction voltage applied to the base of 01 as shown 
in Figure 3. Assuming an equal bulk emitter resistance for 
each MAT -02 transistor. then the error is nulled if: 

(11 + 12-13-10) rSE+ pVo= 0 

The currents are known from the previous discussion. and 
the relationship needed is simply: 

Vo=~Vo 
Ro 

(14) 

The output voltage is attenuated by a factor of rsEiRo and 
applied to the base of 01 to cancel the summation of voltage 
drops due to rSEIC terms. This will make In (11 12/1310) more 
nearly zero which will thereby make 10 = 11 12/13 a more 
accurate relationship. Linearity of better than 0.1% is readily 
achievable with this circuit if the MAT-02 pairs are carefully 
kept at the same temperature. 

AO"10BkH 

R1-S2kU 

R2=62kU 

", 
vvo---+-~ __ ~~ ______ +-~ 

Figure 3. Four·Quadrant Multiplier 
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MULTIFUNCTION CONVERTER 
The multifunction converter circuit provides an accurate 
means of squaring. square rooting. and of raising ratios to 
arbitrary powers. The excellent log conformity of the MAT -02 
allows a wide range of exponents. The general transfer 
function is: 

(vz)m 
Vo= Vy Vx (15) 

Vx. Vy. and Vzare input voltages and the exponent u m" has a 
practical range of approximatelyO.2 to 5. Inputs Vxand Vyare 
often taken from a fixed reference voltage. With a REF-01 
providing a precision +10V to both Vx and Vy. the transfer 
function would simplify to: 

Vo = 10 (~~)m (16) 

As with the multiplier/divider circuits. assume that the 
transistor pairs have excellent matching and are at the same 
temperature. The In ISAliss will then be zero. In the circuit of 
Figure 4. the voltage drops across the base-emitter junctions 
of 01 provide: 

Rs kT Iz 
Rs+ KRA VA= q In I;; (17) 

IzisVz/R1 and IxisVX/R1' Similarly. the relationship for 02 is: 

Rs kT 10 
----,.=-~:_ VA = - In -
Rs + (1-K)RA q Iy 

(18) 

10 is VoiRo and Iy is Vy/R1' These equations for 01 and 02 
can then be combined. 

RS + KRA In ~ = In ~ (19) 
Rs + (1-K)RA Ix Iy 

+15V 

1.1Mn 

"0 
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Substituting in the voltage relationships and simplifying 
leads to: 

Ro (Vz)m Vo = ~ Vy Vx ,where 

(20) 

m = Re+ KRA 
Re + (1-K) RA 

The factor "K" is a potentiometer position and varies from 
zero to 1.0, so"m" ranges from Re/(RA + Re) to (Re+ RA)/R e. 
Practical values are 1250 for Reand 5000 for RA: these values 
will provide an adjustment range of 0.2 to 5.0. A value of 
100kO is recommended for the R1 resistors assuming a full
scale input range of 10V. As with the one-quadrant multiplier/ 
divider circuit previously discussed, the Vx, Vy, and Vzinputs 
must all be positive. 

The op amps should have the lowest possible input offsets. 
The OP-07 is recommended for most applications, although 
such programmable micropower op amps as the OP-22 or 
OP-32 offer advantages in low-power or single-supply 
circuits. The micropower op amps also have very low input
bias-current drift, an important advantage in log/antilog 
circuits. External offset nulling may be needed, particularly 
for applications requiring a wide dynamic range. Frequency
compensating capacitors, on the order of 50pF, may be 
required for A2 and A3. Amplifier A1 is likely to need a larger 
capacitor, typically 0.0047!,F, to assure stability. 

Accuracy is limited at the higher input levels by bulk emitter 
resistance, but this is much lower for the MAT -02 than for 
other transistor pairs. Accuracy at the lower signal levels 
primarily depends on the op amp offsets. Accuracies of 

vz o-~M--""'-I 

RA=500>! 

RB=125>! 

MAT-02 
better than 1% are readily achievable with this circuit config
uration and can be better than ±0.1% over a limited operating 
range. 

FAST LOGARITHMIC AMPLIFIER 
The circuit of Figure 5 is a modification of a standard 
logarithmic amplifier configuration. Running the MAT -02 at 
2.5mA per side (full-scale) allows a fast response with wide 
dynamic range. The circuit has a 7 decade current range, a 5 
decade voltage range, and is capable of 2.5!,sec settling time 
to 1% with a 1 to 10V step. 

The output follows the equation: 

R3 + R2 kT VREF 
Vo=----In --

R2 q Vin 
(21 ) 

The output is inverted with respect to the input, and is nomi
nally -1 Vldecade using the component values indicated. 

LOW-NOISE X1000 AMPLIFIER 
The MAT-02 noise voltage is exceptionally low, only 
1 nVlVHZ at 10Hz when operated over a collector-current 
range of 1 to 4mA. A single-ended x1000 amplifier that takes 
advantage of this low MAT-02 noise level is shown in Figure 6. 
In addition to low noise, the amplifier has very low drift and 
high CMRR. An OP-32 programmable low-power op amp is 
used for the second stage to obtain good speed with minimal 8 
power consumption. Small-signal bandwidth is 1 MHz, slew-
rate is 2.4V1 !'s, and total supply current is approximately 
2.8mA. 

>-_t>-----(J Vo 

RO {Vz)m 
VO="RVy\v 

1 x 

R1=100k>! 

RO-100k>! 

CO-O.0047~F 

Vyo-~AA~----------------------~ 

Figure 4. Multifunction Converter 

REV.C MA TCHED TRANSISTORS 8-21 



MAT-02 
Transistors Q2 and Q3 form a 2mA current source 
(0.65V1330Cl - 2mA). Each collector of Ql operates at 1 mAo 
The OP-32 inputs are 3V below the positive supply voltage 
(RLle - 3V). The OP-32's low input offset current, typically 
less than 1 nA, and low offset voltage of 1 mV cause negligible 
error when referred to the amplifier input. Input stage gain is 
gmRL, which is approximately 100 when operating at Ie of 
1 ma with RL of 3kCl. Since the OP-32 has a minimum open
loop gain of 500,000, total open-loop gain for the composite 
amplifier is over 50 million. Even at closed-loop gain of 1000, 
the gain error due to finite open-loop gain will be negligible. 
The OP-32 features excellent symmetry of slew-rate and 
very linear gain. Signal distortion is minimal. 

Frequency compensation is very easy with this circuit; just 
vary the set-resistor Rs for the desired frequency response. 
Gain-bandwidth of the OP-32 varies directly with the supply 
current. A set resistor of 549kCl was found to provide the best 
step response for this circuit. The resultant supply current is 
found from: 

VREF 

tOY 4kn 

", 

(V+) - (V-) - (2VBE) I - 15 I (22) 
RSET= ISET ,SY- SET 

-f6V 

V,N 
tOto tOV) 

4kn 

". 

R2 .. TEL LABS 081 E (+O.35","CI 

Figure 5. Fa81 Logarllhmlc Amplifier 
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The I SET, using ±15Vsupplies and an RSET of 549kCl, is 
approximately 52"A which will result in supply current of 
784"A. 

Dynamic range of this amplifier is excellent; the OP-32 has an 
output voltage swing of ±14V with a ±15V supply. 
Input characteristics are outstanding. The MAT-02B/F has 
offset voltage of less than 150"V at 25°C and a maximum 
offset drift of l"VloC. Nulling the offset will further reduce 
offset drift. This can be accomplished by slightly unbalancing 
the collector load resistors. This adjustment will reduce the 
drift to less than O.l"VloC. 

Input bias current is relatively low due to the high current 
gain of the MAT-02. The minimum fJ of 400 at lmA for the 
MAT-02B/F implies an input bias current of approximately 
2.5"A. This circuit should be used with signals having 
relatively low source impedance. A high source impedance 
will degrade offset and noise performance. 

This circuit configuration provides exceptionally low input 
noise voltage and low drift. Noise can be reduced even 
further by raising the collector currents from lmA to 3mA, 
but power consumption is then increased. 

+15Vo-----...,..=~ .... --, 

+16V 

Figure 6. Low-Noise, Single-Ended X1000 Amplifier 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 

• Dual Matched PNP Transistor 
• Low Offset Voltage • . . . • . .. .. .. .. .. . . .. . .... 100j.&V Max 
• Low Noise ...................... 1nVl$z @ 1kHz Max 
• High Gain • . . . • • • • • . • . . . . • • • • • • • . • . . • . . . . . . . .. 100 Min 
• High Gain Bandwidth.. .. .. .. .. • .. . • . .. .... 190MHz ~p 
• nght Gain Matching ........................... 3% Max 
• Excellent Logarithmic Conformance. • • . . .• raE" 0.30 ~p 
• Ava"able in Die Form 

ORDERING INFORMATIONt 
TA =+25"C PACKAGE OPERATING 
VosMAX TEMPERATURE 

II.v) TO-7a LCC RANGE 

100 MAT03AH" MAT03ARC/883 MIL 
100 MAT03EH XINO 
200 MAT03FH XINO 

For devices processed in total compliance to MIL-STO-883. add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-In is available on Industrial temperature range parts. 

GENERAL DESCRIPTION 
The MAT-03 dual monolithic PNP transistor offers excellent 
parametric matching and h!9!!. frequency performance. Low 
noise characteristics (1nVNHz Max@1kHz), high bandwidth 
(190M Hz typical), and low offset voltage (100I'V Max), makes 
the· MAT -03 an excellent choice for demanding preamplifier 
applications. Tight current gain matching (3% Max mismatch) 
and high current gain (100 Min), over a wide range of collector 
current, makes the MAT-03 an excellent choice for current 
mirrors. A low value of bulk resistance (typically 0.30) also 
makes the MAT -03 an Ideal component for applications requir
ing accurate logarithmic conformance. 

REV.S 

Low Noise, Matched 
Dual PNP Transistor 

MAT-03 I 
Each transistor is individually tested to data sheet specifica
tions. Device performance is guaranteed at 2SoC and over the 
extended industrial and military temperature ranges. To insure 
the long-term stability of the matching parameters, internal 
protection diodes across the base-emitter junction clamp any 
reverse base-emitter junction potential. This prevents a base
emitter breakdown condition which can result in degradation of 
gain and matching performance due to excessive breakdown 
current. 

PIN CONNECTIONS 

C1~7C' 
8,2 lea 

E,3 SE2 

MAT-03ARC/883 
2O-CONTACT LCC 

(RC-Sufflx) 

TO-78 
(H-8ufflx) 
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MAT-03 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Collector-Base Voltage (BVCBO) ••••••••••••••••••••••• 36V 

Collector-Emitter Voltage (BVCEO) ••••••••.•••••••••••• 36V 

Collector-Collector Voltage (BVcC> ••••••••••••••••••.• 36V 

Emitter-Emitter Voltage (BVEE> •••••••••••••••••••••••• 36V 

Collector Current (IC> .............................. 20mA 

Emitter Current (IE) ................................ 20mA 

Total Power Dissipation 

Ambient Temperature :5 70·C (Note 2) ••.••.••••• 500mW 

Operating Temperature Range 

MAT-03A ............................. -55·Cto+125·C 

MAT-03E/F ............................ -40·C to +85·C 

Operating Junction Temperature .................. -55·C to + 150·C 

Storage Temperature .................................... -65·C to + 150·C 

Lead Temperature (Soldering, 60 sec) ........................ +300·C 

Junction Temperature ................................... -65·C to + 150·C 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged devicas. 
2. Rating appliasto TO-78 not using a heatsink, and LCC; devicas in free air only. 

For TO-78, derate linearly at 6.3mW/'C above 70'C ambient temparature; for 
LCC, derate at 7.8mWI'C. 

ELECTRICAL CHARACTERISTICS at TA = +25·C, unless otherwise noted. 

MAT-03A MAT-03E MAT-03F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

VeB = OV, -36V 
Current Gain 

hFE 
le=lmA 100 165 100 165 80 165 

(Note 1) le= 100pA 90 150 90 150 70 150 
le= 10pA 80 120 80 120 60 120 

Current Gain Matching 
ah FE Ie = l00pA, VeB = OV 0.5 3 0.5 0.5 % 

(Note 2) 

Offset Voltage 
Vos VeB = OV, Ie = 100pA 40 100 

(Note 3) 
40 100 40 200 pV 

Offset Voltage Change 
le= l00pA 

vs Collector Voltage 
avOS/aVeB VeB, =OV 11 150 11 150 11 200 pV 

VeB2 =-36V 

Offset Voltage Change 
aVos/ale 

VeB=OV 
12 50 12 50 12 75 pV 

vs Collector Current Ie, = 10pA, I~ = lmA 

Bulk Resistance rBE 
VeB=OV, 

0.3 0.75 0.3 0.75 0.3 0.75 n 
10pA:Sle :SlmA 

Offset Cu rrent los Ie = l00pA, VeB = OV 6 35 6 35 6 45 nA 

Collector-Base 
leBo VeB = -36V = VMAX 50 200 

Leakage Current 
50 200 50 400 pA 

le=lmA.VeB=O 

Noise Voltage Density 
fO= 10Hz 0.8 0.8 0.8 

(Note 4) eN fO= 100Hz 0.7 0.7 0.7 
nVlVHZ 

fO = 1kHz 0.7 0.7 0.7 
fO = 10kHz 0.7 0.7 0.7 

Collector Saturation 
VeE(SAT) le=lmA,IB=l00pA 0.025 0.1 0.025 0.1 0.025 0.1 V 

Voltage 

NOTES: 
1. Current gain is measured at collector~base voltages (Vea) swept from 0 to 3. Offset voltage is defined as: 

VMAX at indicated collector current. Typicals are measured at Vee = av. Vos = VBE, - VBE2' 
2. Current gain matching (ah FE> is defined as: where Vos is the differential voltage for 

ah FE = 
100 (alB) hFE (MIN) 

KT Cc) Ie ic,-ic2:VOS=VaE,-VBE2=qln ~ . 

4. Sample tested. Noise tested and specified as equivalent input voltage for 
each transistor. 
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ELECTRICAL CHARACTERISTICS at -55°C ~ TA ~ +125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

VCB = OV. -36V 

Ic=1mA 
Current Gain hFE Ic = 100~A 

Ic= 10~A 

Offset Voltage Vas Ic = 100~A, VCB = OV 

Offset Voltage Drift 
TCVas I C = 100~A, VCB = OV 

(Note 1) 

Offset Current los Ic = 100~A, VCB = OV 

Breakdown Voltage BVCEO 

NOTE: 
1. Guaranteed by Vas test (TCVas = Vas/T for Vas «: VBE) 

where T = 2980 K for TA = 25°C. 

MIN 

70 

60 
50 

36 

ELECTRICAL CHARACTERISTICS at -40°C ~ T A ~ +85°C, unless otherwise noted. 

MAT-03E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

VCB = OV, -36V 
Ic= 1mA 70 120 

Current Gain hFE Ic= 100~A 60 105 

Ic = lO~A 50 90 

Offset Voltage Vas Ic = 100~A, VCB = OV 30 135 

Offset Voltage Drift 
TCVas 

(Note 1) 
Ic = 100~A, VCB = OV 0.3 0.5 

Offset Current los Ic= 100~A, VCB=OV 10 85 

Breakdown Voltage BVcEa 36 

NOTE: 
1. Guaranteed by Vas test (TCVas = Vas/T for Vas «: VBE) 

where T = 2980 K for TA = 25°C. 

REV, B 

MAT-03A 
TYP 

110 

100 
85 

40 

0.3 

15 

54 

MAX 

150 

0.5 

85 

MAT-03F 
MIN TYP 

60 120 

50 105 
40 90 

30 

0.3 

10 

36 

MAT-03 

UNITS 

~V 

~V/oC 

nA 

V 

MAX UNITS 

265 ~V 

1.0 ~V/oC 

200 nA 

V 
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MAT-03 
DICE CHARACTERISTICS 

1. COLLECTOR 1 
2. BASE 1 
3. EMITTER 1 
4. COLLECTOR 2 
5. BASE 2 
6. EMITTER 2 

Substrate can be connected 
to Y- or floated. 

DIE SIZE 0.070 X 0.060 Inch, 4,200 sq. mila 
(1.78 X 1.52 mm, 2.70 sq. mm) 

WAFER TEST LIMITS at 2SoC, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Breakdown Voltage BVeEo 

Offset Voltage Vos 
Ie = 100"A. Vea= OV 
10"A$le$1mA 

Current Gain hFE 
Ie = 1mA. Vea= OV. -36 V 
Ie = 10"A. Vea = OV. -36V 

Current Gain Match ahFE Ie = 100"A. Vea = OV 

Offset Voltage 
avos/aVea 

Vea, = OV. Ie = 100"A 
Change vs. Vea Vea2 =-36V 

Offset Voltage Change 
aVos/ale 

Vea=O 
vs. Collector Current Ie, = 10"A.le2 = 1mA 

Bulk Resistance raE 1O"A$le$1mA 

Collector Saturation 
VeE(SAT) 

le=1mA 
Voltage la= 100"A 

NOTE: 

MAT-03N 
LIMITS UNITS 

36 VMIN 

200 "V MAX 

80 
MIN 

60 

6 % MAX 

200 "V MAX 

75 "V MAX 

0.75 o MAX 

0.1 V MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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.. 
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COLLECTOR CURRENT 
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~ 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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MAT-03 

SMALL-SIGNAL OUTPUT 
CONDUCTANCE (hoe) VB 
COLLECTOR CURRENT 

1 10 100 1000 10000 1 10 100 1Il00 10 100 1Il00 

COLLECTOR CURRENT (pA) COLLECTOR CURRENT (pA) COLJ.ECTOR CURRENT (pA) 

SATURATION VOLTAGE 
VB COLLECTOR CURRENT 

NOISE VOLTAGE DENSITY 
VB FREQUENCY 
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10~_ 

... ·c~ i'~ 
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50 
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1 10 100 
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T .... ·d 
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I 
10Hz/ 
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-V 100Hz./ 

c:::: V 
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o 
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MAT-03 

SPICE MODEL PARAMETERS 
-SUBCKT MAT03 1 2 3 5 6 7 
01123PMAT 
02765 PMAT 
D123DMATl 
D265DMATl 
D334DMAT1 
D454DMATl 
D514DMAT2 
D674DMAT2 
-MODEL DMATl D IS = 7.2E-16 RS = 20 
-MODEL DMAT2 D IS = lE-14 VJ = 0.6 CJ = 6SP 
-MODEL PMAT PNP BF = 160 IS = 1.4E-13 VAF = 60 BR = 5 VAR = 7 RB = 16 
+ PC - 12 RE = 0.35 CJE = 57P VJE = 0.7 MJE = 0.4 IF = 1.0BE-9 
+ TR = 3E-S CJC = 40P VJC = 0.55 MJC = 0.5 CJS = 0 IKF =1 60M) 

FIGURE 1: SPICE or SABER Model 

APPLICATIONS INFORMATION 
MAT-03 MODELS 
The MAT-03 model (Figure 1) includes parasitic diodes D3 
through D6. D1 and D2 are internal protection diodes which 
prevent zenering of the base-emitter junctions. 

The analysis programs, SPICE and SABER, are primarily used in 
evaluating the functional performance of systems. The models 
are provided only as an aid in utilizing these simulation 
programs. 

+15V 

ADJUST POT 

(2V~~t 
1kaRES) 

FIGURE 2: MAT-03 Voltage Noise Measurement Circuit 
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SABER" MODEL PARAMETERS 
template malD3 n1 n2 n3 n5 n6 n7 
electrical n1,n2."3,n5."6."7 

f d .. model dmal1 = (II = 7.2s·16," = 20) 
d .. mode' dmat2 "" (18 = 1e-14,vJ ., a.l.cJo = 18p) 
q .. model pm.t = (type = _ p,bt = 180. ,. "" 1.4e-13,vaf = BO,br = S,var = 7, 
rb =: tl.re "" 12,r. = 0.45,C)8 = 57p,vle = a.7.m,. = 0.4," = 1.0ae-9.tr "" 3e-8. 
cje = 40p,vjC = 0.55, mlc III:: 0.5.eI8 = D,lkf = 160m) 
q.q1 n1 n2 "3 n4 ... model = pm •• 
q.q2 n7 n6 n5 "4 = model = pm •• 
d.d1 n2"3'" modal = dmat1 
d.d2 "6 n5 = model = dman 
d.d3 n3 n4 = model = dmat1 
d.d4 n5 n4 == model = dmat1 
d.dS n1 n4 = model = dmat2 
d.d. n7 n4 = model = dmat2 

) 
"SABER 18 a registered trademark of Analogy Inc. 

MAT-03 NOISE MEASUREMENT 
All resistive components (Johnson noise, en2 = 4kTBR, or en = 
0.13y'R nVlyHZ, where R is in kO) and semiconductor 
junctions (Shot noise, caused by current flowing through a 
junction, produces voltage noise in series im~dances such as 
transistor-collector load resistors, In = 0.566 v'I pAl v'Hz where 
I is in IJA) contribute to the system input noise. 

Figure 2 illustrates a technique for measuring the equivalent 
input noise voltage of the MAT-03. 1mA of stage current is used 

+15V 

On 

101Ul 

r 
SPOT NOISE FOR en 
EACH TRANSISTOR = 10,000 x-l2 

1000 

-15V 
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to bias each side of the differential pair. The 5kH collector 
resistors noise contribution is insignificant compared to the 
voltage noise of the MAT-03. Since noise in the signal path is 
referred back to the input, this voltage noise is attenuated by the 
gain of the circuit. Consequently, the noise contribution of the 
collector load resistors is only 0.04BnV/y'HZ. This is consider
ably less than the typical O.BnV/y'HZ input noise voltage of the 
MAT-03 transistor. 

The noise contribution of the OP-27 gain stages is also 
negligible due to the gain in the signal path. The op amp stages 
amplify the input referred noise of the transistors to increase the 
signal strength to allow the noise spectral density (enX 10000) to 
be measured with a spectrum analyzer. And, sinCE' we assume 
equal noise contributions from each transistor in the MAT-03, 
the output is divided by V2 to determine a single transistor's 
input noise. 

Air currents cause small temperature changes that can appear 
as low frequency noise. To eliminate this noise source, the 

Io.001pF 

+o----i;::---IE::--t:= 

-15V 

1.51<0 
0.01% 

+15V 

MAT-03 
measurement circuit must be thermally isolated. Effects of 
extraneous noise sources must also be eliminated by totaHy 
shielding the circuit. 

SUPER LOW NOISE AMPLIFIER 
The circuit in Figure 3a is a super low noise amplifier with 
equivalent input voltage noise of 0.32nV/y'HZ. By paralleling 
three MAT -03 matched pairs, a further reduction of amplifier 
noise is attained by a reduction of the base spreading resistance 
by a factor of 3, and consequently the noise bY,,[3. Additionally, 
the shot noise contribution is reduced by maintaining a high 
collector current (2mAldevice) which reduces the dynamic 
emitter resistance and decreases voltage noise. The voltage 
noise is inversely proportional to the sq uare root of the stage 
current, and current noise increases proportionally to the square 
root of the stage current. Accordingly, this amplifier capitalizes 
on voltage noise reduction techniques at the expense of 
increasing the current noise. However, high current noise is not 
usually important when dealing with low impedance sources. 

MAT.Q3AH PAIRS: 
Q1-Q2 
0 3- 0 • 
Q5- Q6 

Ay = 10 
Ct = 30pF 

L-____ ~-----f'- fuo~ 1.". 
+15V 

Ay""1000 
VERT'" 1nV/DIV 

FIGURE 3a: Super Low Noise Amplifier 
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MAT-03 
This amplifier exhibits excellent full power AC performance, 
0.08% THO into a 6000 load, making it suitable for exacting 
audio applications (see Figure 3b). 

0.1 

l 

I 
~ 0.01 

I 
~ 

0.001 
10 

7"~"tJ1 

NO LOAD 

100 1k 10k 100k 

FREQUENCY (Hz) 

FIGURE 3b: Super Low Noise Amplifier - Total Harmonic 
Distortion 

LOW NOISE MICROPHONE PREAMPLIFIER 
Figure 4 shows a microphone preamplifier that consists of a 
MAT -03 and a low noise op amp. The input stage operates at a 
relatively high quiescent current of 2mA per side, which reduces 
the MAT -03 transistor's voltage noise. The 1// corner is less than 
1 Hz. Total harmonic distortion is under 0.005% for a 10Vp-psignal 
from 20Hz to 20kHz. The preamp gain is 100, but can be modified 
by varying Rs or R6 (VouTIVIN = Rs/R6 + 1). 

A total input stage emitter current of 4mA is provided by 02' The 
constant current in 02 is set by using the forward voltage of a 

GaAsP LED as a reference. The difference between this voltage 
and the VeE of a silicon transistor is predictable and constant (to 
a few percent) over a wide temperature range. The voltage 
difference, approximately 1V, is dropped across the 2500 
resistor which produces a temperature stabilized emitter current. 

CURRENT SOURCES 
A fundamental requirement for accurate current mirrors and 
active load stages is matched transistor components. Due to the 
excellent VeE matching (the voltage difference between Vee's 
required to equalize collector cu.rrent) and gain matching, the 
MAT-03 can be used to implement a variety of standard current 
mirrors that can source current into a load such as an amplifier 
stage. The advantages. of current loads in amplifiers versus 
resistors is an increase of voltage gain due to higher impedan
ces, larger signal range, and in many applications a wider signal 
bandwidth. 

Figure 5 illustrates a cascode current mirror consisting of two 
MAT -03 transistor pairs. 

The cascode current source has a common base transistor in 
series with the output which causes an increase in output 
impedance of the current source since VeE stays relatively 
constant. High frequency characteristics are improved due to a 
reduction of Miller capacitance. The small-signal output impe
dance can be determined by consulting "hOF vs Collector 
Current" typical graph. Typical output impedance levels ap
proach the performance of a perfect current source. 

Considering a typical collector current of 100l'A, we have: 

roQ3 = 1 =1M" 
1.0~MHOS ••. 

D.01"" 
.15Vo--1>-----+----...... ---i ~ 

LED 

;; t-----r 

V,N o--t-9-ir-

-15V 

Rz 
271en 

R. 
5kn 

FIGURE 4: Low Noise Microphone Preamplifier 

8-30 MATCHED TRANSISTORS 

R. 
51en 

1~ J. 
+~ 

10j&F 

-~ 
0.01"" 

~ 
THD c 0.005% 20Hz - 20kHz 
O.5nVr/fiZ 
111 CORNER c 1Hz 
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02and 03are in series and operate at the same current level, so 
the total output impedance is: 

Re = h FE rOQ3'" (160)(1 MO) = 160MO. 

I +V-2VBE 
R ,I=--R-

FIGURE 5: Cascade Current Source 

CURRENT MATCHING 
The objective of current source or mirror design is generation of 
currents that are either matched or must maintain a constant 
ratio. However, mismatch of base-emitter voltages cause output 
current errors. Consider the example of Figure 6a. lithe resistors 
and transistors are equal and the collector voltages are the 
same, the collector currents will match precisely. Investigating 
the current-matching errors resulting from a non-zero Ves, we 
define .:lIe as the current error between the two transistors. 

Graph 6b describes the relationship of current matching errors 
versus offset voltage for a specified average current I e. Note that 
since the relative error between the currents is exponentially 
proportional to the offset voltage, tight matching is required to 
design high accuracy current sources. For example, if the offset 
voltage is 5mV at 100JLA collector current, the current matching 
error would be 20%. Additionally, temperature effects such as 
offset drift (3p.V/oC per mV of Ves) will degrade performance if 
0 1 and O2 are not well matched. 

DIGITALLY PROGRAMMABLE BIPOLAR CURRENT PUMP 
The circuit of Figure 7 is a digitally programmable current pump. 
The current pump incorporates a DAC-OB, and a fast Wilson 
current source using the MAT-03. Examining Figure 7, the DAC
OB is set for 2mA full-scale range so that bipolar current 
operation of ±2mA is achieved. The Wilson current mirror 
maintains linearity within the LSB range of the B-bit DAC-OB 
(±2mA/256 = 15.6p.A resolution) as seen in Figure B. A negative 
feedback path established by O2 regulates the collector current 
so that it matches the reference current programmed by the 
DAC-OS. 

Collector-emitter voltages across both 01 and 03 are matched 
by D1, with 03'S collector-emitter voltage remaining constant, 
independent of the voltage across the current source output. 

Since O2 buffers 03, both transistors in the MAT -03, 0 1 and 03, 
maintain the same collector current. D2 and D3 form a Baker 
clamp which prevents 02from turning off, thereby improving the 
switching speed of the current mirror. The feedback serves to 

REV.B 

MAT-03 
increase the output impedance and improves accuracy by 
reducing the base-width modulation which occurs with varying 
collector-emitter voltages. Accuracy and linearity performance 
of the current pump is summarized in Figure S. 

+ 

" 
: A CLOSELY MATCHED 
I TRANSISTOR PAIR 

" 

R,= R. = R 

FIGURE 6a: Current Matching Circuit 

1.' 

1.0 

0.8 

". "u 0.6 
'11-

0.4 

D.' 

o 
0.001 

le='''' 

MAT..Q3Yos 
PERFORMANCE 

0.01 

V 
L,.; 

0.1 

Vas (mY) 

Ic=1oiJ,iA 

J 
I 

"""-'c =1mA 

10 

R.3kn 
h FE - 200 

IC1+1C2 
Ic =-.-
AI ='C1-1C2 

FIGURE 6b: Current Matching Accuracy % vs Offset Voltage 

MSB 

"'" 15 

-v .v 

LOB 

CC=O.01J&F 
VLC VREF = 10.000V 

1DOn 
0.1% 

FIGURE 7: Digitally Programmable Bipolar Current Pump 
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MAT-03 
1.00 r-----r--.,..----,---, 

0.75 1---+..,..--+----1----1 

0.00 1---+--+-----/----1 

~ 0." 

i 
~ -0." 1-.l!....-+-¥--'-+-----/----1 

-0.50 1---+--+-----/----1 

-0.761---+--+----1----1 

-1.00 '---_--'-__ ...I.-_---I __ ...J 
o M 1. 1. ... 

DtGrrALCODE 

FIGURE 8: Digitally Programmable Current Pump -INL Error 
vs Digital Code 
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The full scale output of the DAC-OB, lOUT' is a linear function of 
IREF: 

255 - (255) 
IFR = 256 X IREF' and lOUT + lOUT = IREF 256 . 

The current mirror output is lOUT - lOUT = I, so that if 
IREF =2mA: 

I = 2 lOUT - 1.992mA 

( Input Code) 
= 2 256 (2mA) - 1.992mA. 

DIGITAL CURRENT PUMP CODING 

FULL RANGE 
HALF-RANGE 
ZERO-SCALE 

DIGITAL INPUT 

B1 ... B8 

1111 1111 
10000000 
00000000 

OUTPUT CURRENT 

1= 1.992mA 
I =O.OOBmA 
1= -1.992mA 
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-.ANALOG 
WDEVICES 

FEATURES 

• Low Offset Voltage .......................................... 200I1V Max 
• High Current Gain ................................................. 400 Min 
• Excellent Current Gain Match .............................. 2% Max 
• Low Noise Voltage at 100Hz, 1 mA ••••••..•• 2.SnVI Hz Max 
• Excellent Log Conformance .•••••.••.••••••••. rBE = 0.6(.1 Max 
• Matching Guaranteed for All Transistors 
• Available in Ole Form 

ORDERING INFORMATION t 

200 
200 
400 
400 
400 

PACKAGE 

CERDIP 
14-PlN 

MAT04AY' 
MAT04EY 
MAT04BY' 
MAT04FY 

PLASTIC 
14-PIN 

MAT04FP 
MAT04FStt 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
IND 
MIL 
XIND 
XIND 

For devices processed in total compliance to MIL -STD-883, add 1883 aiter part 
number. Consult lactory lor 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

It For availability and burn-in inlormation on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 

The MAT-04 is a quad monolithic NPN transistor that offers 
excellent parametric matching for precision amplifier and non
linear circuit applications. Performance characteristics of the 
MAT-04 include high gain (400 minimum) over a wide range of 
collector current, low noise (2.5nV/;/"'Hz maximum at 100Hz, 
Ic = 1 mAl and excellent logarithmic conformance. The MAT -04 
also features a low offset voltage of 20011 V and tight current gain 
matching, to within 2%. Each transistor of the MAT-04 is 
individually tested to data sheet specifications. For matching 
parameters (offset VOltage, input offset current, and gain match), 
each of the dual transistor combinations are verified to meet 
stated limits. Device performance is guaranteed at 25°C and over 
the industrial and military temperature ranges. 

The long-term stability of matching parameters is guaranteed by 
the protection diodes across the base-emitter junction of each 
transistor. These diodes prevent degradation of beta and 
matching characteristics due to reverse bias base-emitter 
current. 

The superior logarithmic conformance and accurate matching 
characteristics of the MAT-04 makes it an excellent choice for 
use in log and antilog circuits. The MAT-04 is an ideal choice in 
applications where low noise and high gain are required. 

REV.C 

PIN CONNECTIONS 

Matched Monolithic 
Quad Transistor 

MAT-04 I 

14-PIN CERDIP 
(Y·Sufflx) 

SUB L!J-----illJ 
14-PIN PLASTIC DIP 

(P·Suffix) 

14-PIN SO 
(S·Sufflx) 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Collector-Base Voltage (BV C80) ........................................ 40V 
Collector-Emitter Voltage (BV CEO) ..................................... 40V 
Collector-Collector Voltage (BV cc) .................................... 40V 
Emitter-Emitter Voltage (BV EE) .......................................... 40V 
Collector Current ............................................................. 30mA 
Emitter Current ................................................................. 30mA 
Substrate (Pin-4 to Pin-11 ) Current ................................. 30m A 
Operating Temperature Range • 
MAT-04AY, BY ........................................... -55°C TO +125°C : 
MAT-04EY .................................................... -25°C TO +85°C 
MAT-04FY,FP,FS .......................................... -40°C to +85°C 

Storage Temperature 
Y Package ................................................... --65°C to + 150°C 
P Package .................................................... --65°C to + 125°C 

Lead Temperature (Soldering, 60 sec) ........................ +300°C 

PACKAGE TYPE 9 lA (Note 2) 9 1C UNITS 

14-Pin CERDIP (V) 108 16 °CIW 

14-Pin Plastic DIP (P) 83 39 °CIW 

14-Pin SO (S) 120 36 °CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. ejA isspecifiedlorworstcase mounting conditions, i.e., EllA is specilied lor device 

in socket lor CerDIP and P-DIP packages; e'A is specilled lor device soldered 
to printed circuit board lor SO package. I 
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ELECTRICAL CHARACTERISTICS at TA = 25°C unless otherwise noted. Each transistor is individually tested. For matching 
parameters (Vos, los, AhFE) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless other
wise noted. 

MAT-04A/E MAT-04B/F 
PARAMETER SYMBOL cONDmONS MIN TYP MAX MIN TYP MAX UNITS 

101lA'" Ie'" lmA 
Current Gain hFE OV",VcB "'30V 400 BOO 300 800 

(Note I) 

Current Gain 
le~ 100 ... A 

Match 
.l.hFE OV'" VeB '" 30V 0.5 2 4 % 

(Note 2) 

IOIlA'" lo"'lmA 
Offsel Voltage Vos OVsVcB "'3OV 50 200 100 400 ... V 

(Note 4) 

Offset Voltage 101lA'" Ie'" ImA 
Changevs .l.Vos/.l.lc VeB~OV 5 25 10 50 ... V 
Collector Current (Note 4) 

Offset Vo~age 
101IA'" les ImA 

Change vs VCB 
.l.Vos/.l.VeB OV"'VCB "'3OV 50 100 100 200 ... V 

(Note 4) 

101lA'" Ie'" ImA 
Bulk Emitter Resistance 'BE VCB~OV 0.4 0.6 0.4 0.6 n 

(NoteS) --------------_ ... _--_ .. _---------
Input Bias Current IB 

Ie ~1001IA 
125 250 165 330 nA 

OV,;; VeB "'30V 

Input Offset Current los 
Ie ~ lOOI1A 

0.6 5 2 13 nA 
VeB~OV 

Breakdown Voltage BVeEC le~ 10 ... A 40 40 V "._-----_ .. _-_ .. _----------- ....... 

Collector Saturation 
VeE(SAT) 

18 = 100llA 
0.03 0.06 0.03 0.06 V 

Voltage Ic,olmA 

Collector-Base 
leBO VCB~40V 5 5 pA 

Leakage Current 

Noise Voltage 
VeB~OV lo~ 10Hz 2 3 2 4 

en le=lmA 10~ 100Hz 1.8 2.5 1.8 3 nV/y'RZ 
Density 

(Note 3) 10~lkHz 1.8 2.5 1.8 3 ....... - .... __ .•. -------------------_ ... _-- ._._------_ ..... _---_ .. _ .. ------_._----
Gain Bandwidth 

IT 
Ic~lmA 

300 300 MHz 
Product VCE~IOV 

Output Cepacitance COBO 
VeB = 15V IE~O 

10 10 pF 
1=IMHz 

Input Capacitance CEBO 
VBE=OV le=O 

40 40 pF 
1=IM:':z 

---------_.-
NOTES: 
1. Current gain measured at Ie = 101lA. IOOllAand ImA. 

2. Current gain match is defined as: .l.hFE = 
100 (.l.lal (hFE min) 

Ie 
3. Sample tested. 
4. Measured at Ie .= 10 ... A and guaranteed by design over the specified range 

olle-
5. Guaranteed by design. 
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MAT-04 
ELECTRICAL CHARACTERISTICS at -25°C::;; TA ::;; +85°C for MAT-04E, -40°C::;; TA ::;; +85°Cfor MAT-04F, unless otherwise 

noted. Each transistor is individually tested. For matching parameters (Vos' los) each dual transistor combination is verified to meet 
stated limits. All tests made at endpoints unless otherwise noted. 

MAT-04E MAT-04F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

10"",,s Ic" lmA 
Current Gain hFe OV"VCB "3OV 225 625 200 500 

(Note 1) 

10"",,slcs1mA 

Offset Voltage Vos OVsVCB ,,30V 60 260 120 520 tJ.V 
(Note 3) 

Average Offset 
Ic= 100"",, 

VoltageDrifI 
TCVos VCB=OV 0.2 0.4 2 tJ.V/"C 

(Note 2) 

Input Bias Current IB 
Ic = 100"",, 

160 445 200 500 nA 
OV"VCB ,,30V 

Input Offset Current los 
Ic= 100"",, 

4 20 8 40 nA 
VCB=OV 

Average Offset 
TClos 

Ic = 100"",, 
50 100 pA/'C 

CurrentDrifI VCB=OV 

Breakdown Voltage BVceo Ic = 10"",, 40 40 V 

Collector-Base 
ICBO VcB =40V 0.5 0.5 nA 

Leakage Current 

Collector-Emitter 
Ices Vce=40V 5 5 nA 

Leakage Current 

Collector-Substrate 
les Vcs=40V 0.7 0.7 nA • Leakage Current 

ELECTRICAL CHARACTERISTICS at -55OC s TA S 1250C unless otherwise noted. Each transistor is individually tested. For 
matching parameters (Ves, los) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless 
otherwise noted. 

MAT-04A MAT-04B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP. MAX UNITS 

10"",, s Ic S lmA 
Current Gain hFE OVsVcB S30V 175 475 125 425 

(Note 1) 

10"",,s Ic" lmA 
Offset Voltage Ves OVsVcB ,,30V 70 300 140 600 tJ.V 

(Note 3) 

Averege Offset 
Ic= 100"",, 

VoItageDrilt 
TCVos VCB=OV 0.2 0.4 2 tJ.V/"C 

(Note 2) 

Input Bias Current IB 
Ic = 100"",, 

210 570 235 800 nA 
OVsVCB "30V 

Input Offset Current los 
Ic= 100"",, 

6 30 12 60 nA 
VCB=OV 

AverageOffset 
TClos 

Ic= 100"",, 
50 100 pA/'C 

CurrentDrifI VCB=OV 

Breakdown Voltage BVceo Ic= 10"",, 40 40 V 

Collector-Base 
ICBO VCB = 40V 

Leakage Current 
5 5 nA 

Collector-Emillar 
Ices Vce=40V 100 100 nA 

Leakage Current 

Collector-Substrate 
les Vcs = 40V 7 7 nA 

Leakage Current 

NOTES: 
1. Currentgein measured at Ic = 10"",,, 100"",, and 1 mAo 3. Measured at 'C = 10"",, and guaranteed by design over the specifled range 
2. Guarenteed by Vos test (TCVes S Vos/T for Vos < < VBE) T = 298'K for 01 'c. 

TA =25"C. 
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MAT-04 

DICE CHARACTERISTICS 

DIE SIZE 0.060 x 0.060 inch, 3600 sq. mils 
(1.52 x 1.52 mm, 2.31 sq. mm) 

1. Q, COLLECTOR 
2. Q, BASE 
3. Q, EMITTER 
4. SUBSTRATE 
5. Q2 EMITTER 
6. Q2BASE 
7. Q2 COLLECTOR 
8. Q3 COLLECTOR 
9. Q3BASE 

10. Q3 EMITTER 
11. SUBSTRATE 
12. Q4 EMITTER 
13. Q4BASE 
14. Q4 COLLECTOR 

WAFER TEST LIMITS at T A = +25°C unless otherwise noted. Each transistor is individually tested. For matching parameters (Vos' 

los' hohFE) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless otherwise noted. 

MAT·04N 
PARAMETER SYMBOL CONDITIONS LIMITS UNITS 

Current Gain hFE 
Ie = tOOIlA 

300 MIN 
OVSVes S30V 

Current Gain Match ahFE Ie = tOOIlA, Ves = OV 4 % MAX 

IOIlASleS lmA 
Offset Voltage Vos OVSVes ,,30V 400 IlVMAX 

(Notet) 

Offset Voltage tOIlA"le"tmA 
Change vs aVos/ale Ves = OV 50 IlVMAX 
Collector Current (Notet) 

Offset Voltage 
tOllAs Ie SImA 

Change us VCB 
avO.;aveB OVSVeB S30V 200 IlVMAX 

(Note I) 

101lA"le"lmA 
Bulk Emitter Resislanee rBE Ves=OV 0.6 r.lMAX 

(Note 2) 

Collector Saturation 
VeElSAT) 

IB~IOO~ 
0.06 V MAX 

Voltage le=lmA 

Input Bias Current Is 
Ie = 100llA 

330 nAMAX 
OVSVeB S30V 

Input Offset Current los 
Ie = 100llA 

13 nAMAX 
VeB=OV 

Breakdown Voltage BVeEo Ie = 101lA 40 VMIN 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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MAT-04 
TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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APPLICATION NOTES 

It is recommended that one of the substrate pins (Pins 4 and 11) 
be tied to the most negative circuit potential to minimize coupling 
between devices. Pins 4 and 11 are internally connected. 

APPLICATIONS 

CURRENT SOURCES 
The MAT·04 can be used to implement a variety of high 
impedance current mirrors as shown in Figures 1,2, and 3. These 
current mirrors can be used as biasing elements and load devices 
for amplifier stages. 

y-

FIGURE 1: Unity Gain Current Mirror, lour = IREF 

The unity-gain current mirrorof Figure 1, using a MAT-04AY, has 
an accu racy of better than 1 % and an output impedance of over 
1 OOMO at 1 OOIlA. Figures 2 and 3 show modified current mirrors 
designed for a current gain of two, and one-half respectively. The 
accuracy of these mirrors is reduced from that of the unity-gain 
source due to base current errors but is still better than 2%. 
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y-

FIGURE2: Current Mirror, lour=2(IRE~ 

y-

FIGURE 2: Current Mirror, 'our = 2('RE~ 

Figure 4 is a temperature independent current sink that has an 
accuracy of better than 1 % over the military temperature range 
at an output current of 1 OOIlA to 1 mAo The Schottky diode acts 
as a clamp to insure correct circuit start-up at power on. The 
resistors used in this circuit should be 1 % metal-film type. 
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FIGURE 4: Temperature Independent Current Sink, lOUT = 10V IRO 

+15V 

REF-01A 

R 

l00pF 

NONLINEAR FUNCTIONS 
An application where precision matched-transistors are a power
ful tool is in the generation of nonlinear functions. These circuits 
are based on the transistor's logarithmic property which takes the 
following idealized form: 

kT Ie VeE = -In-
q Is 

The MAT-04, with its excellent logarithmic conformance, main
tains this idealized function over many decades of collector cur
rent. This, in addition to the stringent parametric matching of the 
MAT-04, enables the implementation of extremely accurate logl 
antilog circuits. 

The circuit of Figure 5 is a vector summer that adds and subtracts 
logged inputs to generate the following transfer function: 

REV,C 

VOUT = _1_ .JVA2 + Ve2 
J2 

MAT-04 

IOUT= 1~V 

lOUT lOUT lOUT 

-----1 
I ,. 

MAT-04AY I 
I ,. I _____ ---1 

HP 
5082·2811 R R R 

-15Y 

This circuit uses two MAT-04AYs and maintains an accuracy of 8 
better than 0.5% over an input range of 10mV to 10V. The layout 
of the MAT -045 reduces errors due to matching and temperature 
differences between the two precision quad matched-transistors. 

Op amps A 1 and A2 translate the input voltages into logarithmic 
valued currents (IA and Ie in Figure 5) that flow through transistor 
0 3 and as. These currents are summed by transistor 0 4 

(10 = IA + Ie = .J112 + 122) which feeds the current-to-voltage 
converter conSisting of op amp A3. To maintain accuracy, 1% 
metal-film resistors should be used. 
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MAT-04 

FIGURE 5: Vector Summer 

C3 

Your = Jz VVA2 + VB2 

~~4_------------------~~~ 

MAT·04 10 ----------1 ,-----------
Al ft I I ft 

A3 
VA o----"I\/V----<>--"'! 

33kn 
I I t=--........ ---¥./y---OV. 

I I 
~----4-~I--~ '-.,0~+I--+---~C 

33011 

L __________ -.J 

LOW NOISE, HIGH SPEED INSTRUMENTATION AMPLIFIER 
The circuit of Figure 6 is a very low noise, high speed amplifier, 
ideal for use in precision transducer and professional audio appli
cations. The performance of the amplifier is summarized in 
Table I. Figure 7 shows the input referred spot noise over the 
0-25kHz bandwidth to be flat at 1.2nVI JHz: Figure 8 highlights 
the low 1/f noise corner at 2Hz. 

TABLE I: Instrumentation Amplifier Characteristics 

The circuit uses a high speed op amp, the OP-17, preceded by an 
input amplifier. This consists of a precision dual matched-transis
tor, the MAT-02, and a feedback V~to-I converter, the MAT-04. 
The arrangement of the MAT-04 is known as a "linearized cross 
quad" which performs the vOltage-to-current conversion. The 
OP-17 acts as an overall nulling amplifier to complete the feed
back loop. Resistors R1, R2, and R3, R4 form voltage dividers 
that attenuate the output voltage swing since the 'cross quad" ar
rangement has a limited input range. Biasing for the input stage is 
set by zener diode Z1. At low currents the effective zener voltage 
is about 3.3V due to the soft knee characteristic of the zener 
diode. This results in a bias current of 530JJA per side for the input 
stage. The gain of this amplifier with the values shown in Figure 6 is: 

VOUT = 33000 
V1N RG 
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Input Noise 
Voltage Density 

Bandwidth 

Slew Rate 

Common-Mode 
Rejection 

Distortion 

Settling Time 

Power Consumption 

G= 1000 
G=1oo 
G=10 

G=5oo 
G=100 
G=10 

G = 1000 

G=100 
f = 20Hz to 20kHz 

G= 1000 

1.2nV/.JHz 
3.6nV/.JHz 
30nV/v'FiZ 

400kHz 
1MHz 

1.2MHz 

4OV/ fLS 

130dB 

0.03% 

10fLS 

350mW 
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MAT-04 
FIGURE 6: Low Noise, High Speed Instrumentation Amplifier 

r---------------~--------------------~~--------------------------o+15V 
R5 
6.8kU 

C1 R7 

SOOpF 1.Skll 

R10 

R6 
6.8kU 

AS 
3.9kU 

-15V 

R4 

10ktl 

RO = 33kH GAIN = 1 
RO = 3.3kO GAIN = 10 
RO = 3300 GAIN = 100 
Ro = 330 GAIN = 1000 

:>=-...... --oVOUT 

L-----~~--------------~------------------------------------------------__o~5V 

FIGURE 7: Spot Noise of the Instrumentation Amplifier from 
0-25kHz at a Gain of 1000 
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NORMALIZED VERTICAL AXIS"" 2.6nVl..jiiZ/OIVISION 
REFERENCED TO INPUT. 
HORIZONTAL AXIS"" 0 TO 25kHz. 

FIGURE 8: Low Frequency Noise Spectrum Showing Low 2Hz 
Noise Corner. Gain"; 1000. 

HORIZONTAL AXIS = 0 TO 5Hz 
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FIGURE 9: Voltage-Controlled Attenuator 
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A3 
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os 

R2 
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C2 R13 
~"""F 4.7kll 

VCONTRO<. 

R14 
33011 

R8 
3Ok1l 

RS 
30kIl 

R7 
3Ok1l 

V+ 

R8 
30kfi v+ 

l00pF 

R10 Rll R12 - C4 
22kU 10kO 

IOkllr l00.F 

~--------------------------~~------------------~---o~ 

VOLTAGE-CONTROLLED ATTENUATOR 
The voltage-controlled attenuator (VCA) of Figure 9, widely used 
in professional audio circles, can easily be implemented using a 
MAT-04. The excellent matching characteristics of the MAT-04 
enables the VCA to have a distortion level of under 0.03% over a 
wide range of control voltages. The VCA accepts a 3V RMS input 
and easily handles the full 20Hz-20kHz audio bandwidth as 
shown in Figure 10. Noise level for the VCA is more than 110dB 
below maximum output. 

In the voltage-controlled attenuator, the input signal modulates 
the stage current of each differential pair. Op amps A2 and A3 in 
conjunction with transistors 05 and Q6 form vOltage-to-current 
converters that transform a single input voltage into differential 
currents which form the stage currents of each differential pair. 
The control voltage shifts the current between each side of the 
two differential pairs, regulating the signal level reaching the out
put stage which consists of op amp A 1. Figure 11 shows the in
crease in signal attenuation as the control voltage becomes more 
negative. 
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The ideal transfer function for the voltage-controlled attenuator is: 

VouTlVlN = 1 + exp ( (-VCONTROLl (2 R14 \ h(~)) 
R13 + R14 J/ I q 

Where k = Boltzmann constant 1.38 x 10-23 JI"K 
T = temperature in oK 
q = electronic charge = 1.602 x 1O-19C 

From the transfer function it can be seen that the maximum gain 
of the circuit is 2 (6dB). 

To insure best performance, resistors R2 through R7 should be 
1 % metal film resistors. Since capacitor C2 can see small 
amounts of reverse bias when the control voltage is positive, it 
may be prudent to use a nonpolarized tantalum capacitor. 
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FIGURE 10: Voltage-Controlled Attenuator, 
Attenuation vs Frequency 
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FIGURE 11: Voltage-Controlled Attenuator, 
Attenuation vs Control Voltage 
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Selection Guide 
Temperature Sensors 

Model 

AC2626 
AD590 
AD592 

*TMP-Ol 

lOUT 

,.AIK 
VOUT 

mVIK 

5 

Cal Error 
·Cmax 

0.>-5 
0.>-5 
0.>-2.5 
1.2-{; 

Nonlin 
·Cmax 

0.3-1.5 Steel Sheath 
0.3-1.5 
0.1>-0.35 
0.4-1.0 

Package Temp 
Options l Range2 Page Comments 

3/16" Stainless C,M 9-5 General Purpose Temperature Probe 4" and 6" Length 
7,9 M+ 9-7 Wide Temperature Range, Accurate 
2 1+ 9-17 Low Cost, Accurate 
2,3,6,7,11 I,M+ 9-25 Complete Progr3Dlffiable Temperature Controller 

IPackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOle" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single~in-Line "SIP" Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic! 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

lTemperature Ranges: C = Commercial, DOC to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. 
Boldface Type: Product recommended for new design. 
*New product. 



Integrated circuit temperature transducers offer a number of 
advantages over other temperature measurement technologies 
such as RTDs and thermistors. They offer linear output temper
ature coefficients, eliminating the need for linearization cir
cuitry. The output signal levels are generally larger than other 
types of sensor outputs and are more immune to noise and 
interference. Integrated circuit sensors are available in a variety 
of temperature ranges, output formats, and temperarure 
coefficients. 

Integrated circuit temperature transducers will find applications 
in cold junction compensation of thermocouples, appliance tem
perarure sensing, automotive temperature measurement and con
trol, HV AC (heating, ventilating and air conditioning) system 
monitoring, industrial temperarure control, board-level elec
tronic temperature diagnostics, temperarure readout options in 
instrumentation, and temperarure-correction circuitry for preci
sion electronics. 

Current Output Temperature Transducers 
The devices in this section are two-terminal monolithic inte
grated circuits designed to measure temperatures within the 
range -SsoC to + 150°C. When +4 V to +30 V of excitation 
voltage is applied, they act as current sources that provide an 
output proportional to absolute temperarure, 1 j.LAlK. Expressed 
in degrees Celsius (Te), 

I = 1 ,..ArC' Tc = 273.2 ,..A 
Current Temperarure transducers have a number of advantages: 

• They are based on a linear relationship and are highly 
repeatable. 

• The current is independent of voltage drops, voltage noise 
common-mode voltage, and practically independent of excita
tion voltage. 

• The current can be translated to a voltage at a remote destina
tion via an appropriate value of resistance (V = IR); simple 
offsetting circuitry may be used when necessary. 

• They are easy to use; they don't require linearization cir
cuitry, high precision voltage amplifiers, resistance-measuring 
circuitry or cold-junction compensation. 

Indeed, they are themselves widely used for cold-junction com
pensation of thermocouple circuitry. 

Voltage Output Temperature Transducers 
When voltage drops and noise are not an important consider
ation in design, it may be more convenient to work with a volt
age output temperarure transducer. These provide a direct 
output to an analog-to-digital converter or a comparator set
point. The following products provide a voltage output while 
performing other functions as well. 

AD22100 Ratiometric Voltage Output Temperature Sensor 
The AD22100 is a monolithic temperature sensor with on-chip 
signal conditioning that operates over the range of - 50°C .to 
+ 150°C. The output voltage is proportional to the temperature 
times the supply current. This unique fearure allows the 

Orientation 
Temperature Sensors 

AD22100 supply voltage to act as a voltage reference for an 
analog-to-digital converter, eliminating the need for a separate 
voltage reference. The part has a 22.5 mV/oC temperature coeffi
cient when operated with a 5 V supply. It will be available in a 
TO-S can, TO-92 or 4-pin SIP. See the section on Automotive 
Components for a preliminary data sheet. 

AD680 Voltage Reference and REF-02 +5 V Voltage 
Reference 
These voltage references have an extra pin that outputs a voltage 
proportional to absolute temperature. They are convenient to 
use when both a temperature sensor and a voltage reference are 
required. See the section on Voltage Reference in Volume II of 
the Data Converter Reference Manual. 

Setpoint Controllers 
TMP-Ol Low Power Programmable Temperature Controller 
The TMP-Ol is a complete, easy-to-use programmable thermo
stat in a single 8-pin package. In addition to a highly linear sen
sor with a buffered output calibrated to 5 mV/K, it features 
over- and under-temperature comparators. The user can pro
gram these temperature comparators by dividing a stable 2.5 V 
reference voltage output with external potentiometers, or by 
simply applying the appropriate voltage source. The open
collector outputs of the comparators are capable of driving TTL! 
CMOS logic, cables, and small relays directly. Setpoint 
hysteresis is also programmable. Operating over wide tempera
ture (-55°C to + 150°C) and supply (4.5 V to 25 V) ranges, it is 
offered in two grades which are calibrated to 2°C or 4°C accu- II 
racy over the specified temperature ranges (with no external I 

adjustments required). In addition to the low cost 8-pin mini-
DIP and surface mount SOL packages, the TMP-Ol is available 
in the ceramic DIP, TO-99 metal can, and in die form. 

RELATED PRODUCTS 
The AD594, AD595, AD596 and AD597 are monolithic ther
mocouple amplifiers with built in cold junction compensation. 
These can be used with thermocouples to get a precalibrated 
output of 10 mVrC, or can be configured as a setpoint control
ler. They can also be connected as a voltage or current output 
temperature sensor. See the section on Signal Conditioning 
Components in this reference mannal. 

Analog Devices's wide offering of complete Signal Conditioners 
(found in this volume) provide many creative options for inter
facing a wide variety of transducers to their respective measure
ment systems. Also, Analog Devices offers a diverse range of 
operational amplifiers, instrumentation amplifiers, and isolation 
amplifiers to meet all of your signal conditioning needs. For the 
optimal choice, consult Volume I of this set, the Amplifier Refer
ence Manual. For background information, the Transducer Inter
facing Handbook, published by Analog Devices (1980), provides 
valuable insight in understanding, designing, and applying 
transducers in physical systems. It is available for $14.50 (hard
cover) from P.O. Box 9106, Norwood, MA 02062-9106. 
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11IIIIIIII ANALOG 
WDEVICES General Purpose Temperature Probe 

FEATURES 
Linear Current Output: 1/lAiK 
Wide Range: -6SoC to +1S0°C 
L_r Trimmed Sensor (ADS90) to ±1.0oC Calibration 

Accul"llCY (AC2626L) 
Excellent Linurity: ±O.4°C Over Full Range (AC2626L) 
6 Inch or 4 Inch Standard, Stainless Steel Sheath 
3/16 Inch in Outside Diameter 
3 Feet Teflon Coated Lead Wire 
Wide Power Supply Range +4V to +30V 
Low Cost 
Fast Response: 2 Seconds (In Stirred Water) 
Sensor Isolated From Sheath 

PRODUCT DESCRIPTION 
The AC2626 is a stainless steel tubular probe measuring 3/16 
inch (4.76mm) in outside diameter and is available in 6 inch 
(lS2.4mm) or 4-inch (101.6mm) len,llths. The probe is avail
able in linearity grades of 0.3°C, 0.4 C, 0.8°C or l.SoC. 

The probe is designed for both liquid and gaseous immersion 
applications as well as temperature measurements in refrigera· 
tion or any general temperature monitoring application. 

For taking measurements in pipes or other closed vessels, the 
AC2629 compression fitting is available. The AC2629 may be 
applied anywhere along the probe and is supplied in two ma
terials. The low cost AC2629B is constructed of brass and the 
higher priced AC2629SS is made of stainless steel. 

PRODUCT HIGHLIGHTS 
The AC2626 is based on the ADS90 temperature transducer, 
a two terminal integrated circuit which produces an output 
current linearly proportional to absolute temperature. 

Costly linearization circuitry, precision voltage amplifiers, 
resistance measuring circuitry and cold junction compensation 
are not needed in applying the AC2626. 

Due to the high impedance current output of the ADS90, the 
AC2626 is particularly useful in remote sensing applications, 
because of its insensitivity to voltage drops over lines. The out
put characteristics also make the AC2626 easy to multiplex. 

In addition to temperature measurement, applications include 
temperature compensation, biasing proportional to absolute 
temperature, flow rate measurement, level detection of fluids 
and anemometry. 

DIRECT INTERFACE PRODUCTS 
For display and/or control applications, two companion prod
ucts are available. The AD2038, 6 channel digital thermometer, 
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AC2626 I 

and the AD2040,low cost temperature indicator, were designed 
to be used in conjunction with the AC2626. 

1. The AD2038 is a low cost, ac line powered 6 channel digital 
scanning thermometer designed to interface to printers, 
computers, serial data transmitters, etc., for display, con
trol, logging or transmission of multi-point temperature 
data. Channel selection is made via three methods: manual, 
using the switch provided on the front; auto/scan, where • 
the AD2038 cycling on an internal clock can continually 
scan the six input channels or external selection, where con-
trol inputs provided on the rear connector enable channel 
selection via external BCD coding. 

2. The AD2040 is a low cost, 3 digit temperature indicator. 
An internal precision voltage reference, resistor network 
and span and zero adjusts allow the AD2040 to read out 
directly in °c, OF, K or R. User selectable readout as well 
as all other connections, i.e., +SV de power and AC2626 
interface are all made via the terminal block on the rear. 

APPLICATION HINTS 
1. Under all operating conditions, a minimum 4V de must be 

present across the AC2626. 

2. Use of twisted pair wiring is recommended, particularly 
for remote applications or in high noise environments. 
Shielded wire is desirable in severe noise environments. 

3. For the lowest cost, the J and K grades are recommended. 
Where probe interchangeability is desired, grade L is 
recommended. 
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AC2626-SPECIFICATIONS (typical @ +25°C and +5V unless otherwise specified) 

MODEL AC2626J 

ABSOLUTE MAXIMUM RATINGS' 
Forward Voltage (Vs) +44V 
Reverse Voltage (Vs) -20V 
Breakdown Voltage (Case to Leads) ±ZOOV 
Rated Performance Temp. Range -SSoC to +150oC 
Storage Temperature Range -60°C to +l60oC 

POWER SUPPLY 
Operating Voltage Range +4V to +30V 

OUTPUT 
Nominal Current Outp»t @ +2SoC 

(298.2°K) 298.2jlA 
Nominal Temperature Coefficient lp.AloC 
Calibration Error@ +2SoC tS.O°Cmax 
Absolute Error (oVer rated performance 

temperature range) 
WithoJ,lt External Calibration 

Adjustment ±IO.OoCmax 
With +2SoC Calibration Error 

Set to Zero ±3.0oCmax 
Nonlinearity ±1.SoCmax 
Repeatability2 O.tOc 
Long Tenn Drift3 O.tOC max/month 

Time Constant4 (in stirred water) 2 sec, 
Current Noise 4OpAv'iiZ 
Power Supply Rejection 

+4V""s .... SV O.SjlAIV 
+SV<Vs .... 1SV O.2/lAIV 
+15V<Vs .... 30V O.Ip.AIV 

Electrical Turn-Qn Time 20p.s 
+ Lead Color yellow 

ORDIIRING GUIDE 

AC2626 
GRADE ~l-.~.J I' 

:) _ ENTER -.J LENGTH 

AC2629 
BRASS 
TYPE 316 

STAINLESS 

NOTES 

:s} -ENTER~ 

AC26Z6K ACZ626L ACZ626M 

· · 

±2.SoCmax ±l.O°Cmax ±O.5°Cmax 

tS.SoCmax ±3.0oCmax ±1.7°C max 

±2.0oCmax ±1.6°C max ±1.0oC max 
±O.SoCmax ±O.4°C max ±o.3°Cmax 

· 

orange blue green 

I Maximum safe recormnended pressure: 7500psi (5.17 X lei' Kpa). 
I Maximum deviation between +2SoC readings after temperature cycling between _55a C and + 15cfc. guaranteed, 

not tested. 
'Conditions: ccmstant+5V. constant +l2,aCj guarantteed. not tested. 
-4Tbe time constant is defined as the time required to reach 63.29Et of 1.11 instantaneous temperature chauge. 
·Specifications same as AC2626J. 
Specifications subject to change without notice. 

CALIBRATION ~+vs 

~= : 1---... ----oVo 

RT = loon FOR °c 
RT = 200n FOR OF 

R = 96311 FOR °c 
R = 174O!l FOR ° F 

reos °c = 273~2mV 
OF = 469.8mV 

For most applications, a single point calibration Is 
IUfficient. With the probe at a known ..... perature. 
adjust RT so that Vo cor_cis to tho known 
..... perature. 
If more detailed infonnation is desired, III the 
AD590 data sheet and application nota. 
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MECHANICAL OUTLINE 
Dimensicms shown in inches and (mm). 

AC2626 
3118 STAINLESS STEEL TUBING 

FILLED WITH THERMALLY CONDUCTIVE EPOXY 

3/.0 
14.71) 3 FT. (914.4):1:1 (2IAI TINNED 

L, 
#24STRANDEDWlRE s.;:::+ TEFLON INSULATED 

tl-... Note.--l BLACK -

10.D8(1.581 

AC2629 
STAINLESS STEEL TYPE 31. 

COMPRESSION FiniNG (See Noel 31 

NOTE 1 I'robIIlIftIlMlilabia in 4-inch or B-inch langth •• 

NOTE 2 + lied wire iI color coded: J, ~Iow; K, 0f8I'IIII; L, blue. 

NOTE 3 When....-nbling comprauiDn fitting (AC2IZ91 to probe, 
tightan"'112~nut3/4'.ofatumfromfl ..... tlght. 
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r-IIANALOG 
WDEVICES 

FEATURES 
Linear Current Output: 1/lA1K 
Wide Range: -5SoC to +1S0°C 
Probe Compatible Ceramic Sensor Package 
Two-Terminal Device: Voltage In/Current Out 
Laser Trimmed to ±O_SOC Calibration Accuracy (ADS90M) 
Excellent Linearity: ±O_3°C Over Full Range (ADS90M) 
Wide Power Supply Range: +4V to +30V 
Sensor Isolation from Case 
Low Cost 

PRODUCT DESCRIPTION 
The ADS90 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. For supply voltages between +4V and 
+30V the device acts as a high impedance, constant current 
regulator passing lpA/K. Laser trimming of the chip's thin film 
resistors is used to calibrate the device to 298.2~A output at 
298.2K (+2SoC). 

The ADS90 should be used in any temperature sensing applica
tion below +lS0oC in which conventional electrical tempera
ture sensors are currently employed. The inherent low cost of 
a monolithic integrated circuit combined with the elimination 
of support circuitry makes the ADS 90 an attractive alternative 
for many temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance measuring 
circuitry and cold junction compensation are not needed in 
applying the ADS90. 

In addition to temperature measurement, applications include 
temperature compensation or correction of discrete compo
nents, biasing proportional to absolute temperature, flow rate 
measurement, level detection of fluids and anemometry. The 
ADS90 is available in chip form making it suitable for hybrid 
circuits and fast temperature measurements in protected en
vironments. 

The ADS90 is particularly useful in remote sensing applica
tions. The device is insensitive to voltage drops over long lines 
due to its high impedance current output. Any well-insulated 
twisted pair is sufficient for operation hundreds of feet from 
the receiving circuitry. The output characteristics also make 
the ADS90 easy to multiplex: the current can be switched by 
a CMOS multiplexer or the supply voltage can be switched by 
a logic gate output. 

·Covered by Pa ..... t No. 4,123,698. 
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Two-TerminallC 
Temperature Transducer 

AD590* I 
PIN DESIGNATIONS 

BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. The ADS90 is a calibrated two terminal temperature sensor 

requiring only a dc voltage supply (+4V to +30V). Costly 
transmitters, filters, lead wire compensation and lineariza
tion circuits are all unnecessary in applying the device. 

2. State-of-the-art laser trimming at the wafer level in conjunc
tion with extensive final testing insures that ADS 90 units 
are easily interchangeable. 

3. Superior interference rejection results from the output 
being a current rather than a voltage. In addition, power 
requirements are low (1.SmW's @ SV @ +2SoC). These 
features make the ADS90 easy to apply as a remote sensor. 

4. The high output impedance (>10Mil) provides excellent 
rejection of supply voltage drift and ripple. For instance, 
changing the power supply from SV to lOY results in only 
a l~A maximum current change, or 1°C equivalent error. 

5. The ADS90 is electrically durable: it will withstand a 
forward voltage up to 44V and a reverse voltage of 20V. 
Hence, supply irregularities or pin reversal will not damage 
the device. 
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AD590-SPECIFICATIONS (@ +25°C and Vs = +5Vunless otherwise noted) 

Model ADS90J ADS90K 
Min Typ Max Min Typ Max Units 

ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ toE-) +44 +44 Volts 
Reverse Voltage (E + to E - ) -20 -20 Volts 
BreakdownVoltage(CasetoE+ orE-) ±200 ±200 Volts 
Rated Performance Temperature Rangel -55 + ISO -55 +150 "C 
Storage Temperature Rangel -65 + ISS -65 +ISS "C 
Lead Temperature (Soldering, 10 sec) +300 +300 "C 

POWER SUPPLY 
Operating Voltage Range +4 +30 +4 +30 Volts 

OUTPUT 
NominalCurrentOutput@ +2S"C(298.2K) 298.2 298.2 fLA 
Nominal Temperature Coefficient I I fLAiK 
Calibration Error@ + 2S"C ±S.O ±2.S "C 
Absolute Error (over rated performance 

temperature range) 
Without External Calibration Adjustment ±lO ±S.5 "C 
With + 2S"C Calibration Error Set to Zero ±3.0 ±2.0 "C 
Nonlinearity ±l.S ±O.8 "C 
Repeatability2 ±O.I ±O.I "C 
Long Term Drift' ±O.I ±O.I "C 

Current Noise 40 40 pAlYHz 
Power Supply Rejection 

+ 4V.,;Vs"; + SV 0.5 0.5 fLA/V 
+ SV,,;Vs"; + ISV 0.2 0.2 fLAN 
+ ISV.,;Vs"; + 30V 0.1 0.1 fLAN 

Case Isolation to Either Lead IOlD 10lD .n 
Effective Shunt Capacitance 100 100 pF 

Electrical Turn-On Time 20 20 fLS 
Reverse Bias Leakage Current' 

(Reverse Voltage ~ lOY) 10 10 pA 

PACKAGE OPTIONS' 
TO-52 (H-03A) ADS90JH ADS90KH 
Flat Pack (F-2A) ADS90JF ADS90KF 

NOTES 
IThe AD590 has been used at - lOODe and + ZOO°C for short periods of measurement with no physical damage to the device. However, the absolute errors 
specified apply to only the rated performance temperature range. 

2Maximum deviation between + 25°C readings after temperature cycling between - 55°C and + ISOaC; guaranteed not tested. 
3Conditions: constant + SV, constant + 125°C; guaranteed, not tested. 
4Leakage current doubles every lODe. 
5For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
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AD590 
Model AD590L AD590M 

Min Typ Max Min Typ Max Units 

ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E + to E - ) +44 +44 Volts 
Reverse Voltage (E + to E - ) -20 -20 Volts 
Breakdown Voltage (Case to E + or E - ) ±200 ±200 Volts 
Rated Performance Temperature Range' -55 +150 -55 +150 °C 
Storage Temperature Range' -65 + 155 -65 +155 °C 
Lead Temperature (Soldering, 10 sec) +300 +300 °C 

POWER SUPPLY 
Operating Voltage Range +4 +30 +4 +30 Volts 

OUTPUT 
Nominal CUrrent Output@ + 250C (298.2K) 298.2 298.2 fLA 
Nominal Temperature Coefficient I I tLA/K 
Calibration Error@ + 250C ±1.O ±O5 °C 
Absolute Error (over rated performance 

temperature range) 
Without External Calibration Adjustment ±3.0 ±1.7 °C 
With + 2SoC Calibration Error Set to Zero ±1.6 ±1.O OC 
Nonlinearity ±O.4 ±O.3 °C 
Repeatability' ±O.l ±O.I °C 
Long Term Drift' ±O.I ±O.I OC 

Current Noise 40 40 pAYHz 
Power Supply Rejection 

+4VsVsS+SV O.S O.S fLA/V 
+SVsVss+ISV 0.2 0.2 fLAIV 
+ISVsVss+30V 0.1 0.1 fLAIV 

Case Isolation to Either Lead 10'0 1010 0 
Effective Shunt Capacitance 100 100 pF 
Electrical Tum-On Time 20 20 fLO 
Reverse Bias Leakage Current' 

(Reverse Voltage = IOV) 10 10 pA • PACKAGE OPTIONS 
TO-52 (H-03A) ADS90LH ADS90MH 
Flat Pack (F-2A) AD590LF ADS90MF 

K +223" +273" +298" +323" +373" +423° 
°c _50" 0" +250 +50" +100" +150" 

III III III111 11I11 ! I I Ii f II III III II11 III III I! I II \ III III /1 I II 
OF -100" 0" I : +llMt +200": +300" 

32" 70' 2'2' 

TEMPERATURE SCALE CONVERSION EQUATIONS 

°c = 2- (OF -32) K = °c +273.15 
9 
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AD590 
The S90H has 60p inches of gold plating on its Kovar leads and 
Kovar header. A resistance welder is used to seal the nickel cap 
to the header. The ADS90 chip is eutectically mounted to the 
header and ultrasonically bonded to with 1 MIL aluminum 
wire. Kovar composition: S3% iron nominal; 29% ±1% nickel; 
17% ±1% cobalt; 0.6S% manganese max; 0.20% silicon max; 
0.10% aluminum max; 0.10% magnesium max; 0.10% zirco
nium max; 0.10% titanium max; 0.06% carbon max. 

The S90F is a ceramic package with gold plating on its Kovar 
leads, Kovar lid, and chip cavity. Solder of 80/20 Au/Sn com
position is used for the l.S mil thick solder ring under the lid. 
The chip cavity has anickel underlay between the metalization 
and the gold plating. The ADS90 chip is eutectically mounted 
in the chip cavity at 410·C and ultrasonically bonded to with 
1 mil aluminum wire. Note that the chip is in direct contact 
with the ceramic base, not the metal lid. When using the 
ADS90 in die fotm, the chip substrate must be kept elec
trically isolated, (floating), for correct circuit operation. 

METALIZATION DIAGRAM 

1------.. MILS-----i~1 

THE AD590 IS AVAILABLE IN LASER·TRIMMED CHIP 
FORM; CONSULT THE CHIP CATALOG FOR DETAILS. 

CIRCUIT DESCRIPTION' 

~I 
The ADS90 uses a fundamental property of the silicon tran
sistors from which it is made to realize its temperature propor
tional characteristic: if two identical transistors are operated 
at a constant ratio of collector current densities, r, then the 
difference in their base-emitter voltages will be (kT/q)(In r). 
Since both k, Boltzman's constant and q, the charge of an 
electron, are constant, the resulting voltage is directly porpor
tional to absolute temperature (PT AT). 

J For a more detailed circuit description see M.P. Timko, "A Two
TcrminallC Temperature Transdu"""," IEEE J. Solid State Circuits, 
Vol. SC-ll , p. 784-788, Dec. 1976. 

~ 10 TEMPERATURE SENSORS 

In the ADS90, this PTAT voltage is converted to a PTAT cur
rent by low temperature coefficient thin film resistors. The 
total current of the device is then forced to be a multiple of 
this PT AT current. Referring to Figure I, the schematic dia
gram of the ADS90, Q8 and Ql1 are the transistors that pro
duce the PTAT voltage. RS and R6 convert the voltage to 
current. QI0, whose collector current tracks the collector 
currents in Q9 and Qll, supplies all the bias and substrate 
leakage current for the rest of the circuit, forcing the total 
current to be PTAT. RS and R6 are laser trimmed on the 
wafer to calibrate the device at +2S·C. 

Figure 2 shows the typical V -I characteristic of the circuit 
at +2S·C and the temperature extremes. 

loUT 
(PAl 

Figure 1. Schematic Diagram 

423 

298 

218 

+1!iO"C 
t-

+25°C 
t-

-65°C 
t-

~~~L2--L3--L4--5L--L6--4j~ 

SUPPLY VOLTAGE 

Figure 2. V-I Plot 
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Understanding the Specifications-AD590 
EXPLANATION OF TEMPERATURE SENSOR 
SPECIFICATIONS 
The way in which the ADS90 is specified makes it easy to 
apply in a wide variety of different applications. It is important 
to understand the meaning of the various specifications and 
the effects of supply voltage and thermal environment on ac
curacy. 

The ADS90 is basically a PTAT (proportional to absolute tem
perature)1 current regulator. That is, the output current is 
equal to a scale factor times the temperature of the sensor in 
degrees Kelvin. This scale factor is trimmed to lp.AIK at the 
factory, by adjusting the indicated temperature (i.e. the output 
current) to agree with the actual temperature. This is done with 
SV across the device at a temperature within a few degrees of 
25°C (298.2K). The device is then packaged and tested for 
accuracy over temperature. 

CALIBRATION ERROR 
At final factory test the difference between the indicated tem
perature and the actual temperature is called the calibration 
error. Since this is a scale factor error, its contribution to the 
total error of the device is PTAT. For example, the effect of 
the lOC specified maximum error of the ADS90L varies from 
0.73°C at _SSoC to 1.42°C at l500C. Figure 3 shows how 
an exaggerated calibration error would vary from the ideal 
over temperature. ... , .... 

TEMPUCI 

Figure 3. Calibration Error vs. Temperature 

The calibration error is a primary contributor to maximum 
total error in all AD590 grades. However, since it is a scale 
factor error, it is particularly easy to trim. Figure 4 shows the 
most elementary way of accomplishing this. To trim this cir
cuit the temperature of the AD590 is measured by a reference 
temperature sensor and R is trimmed so that VT = lmV/K at 
that temperature. Note that when this error is trimmed out at 
one temperature, its effect is zero over the entire temperature 
range. In most applications there is a current to voltage con
version resistor (or, as with a current input ADC, a reference) 
that can be trimmed for scale factor adjustment. 

6V+ 

+ 

Figure 4. One Temperature Trim 

'T(OC) =T(K) -273.2; Zero on the Kelvin scale is "absolute zero"; 
thete is no lowet temperature. 
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ERROR VERSUS TEMPERATURE, WITH CALIBRATION 
ERROR TRIMMED OUT 
Each AD590 is also tested for error over the temperature range 
with the calibration error trimmed out. This specification could 
also be called the ''variance from PTAT" since it is the maxi
mum difference between the actual current over temperature 
and a PTA T multiplication of the actual current at 25°C. This 
error consists of a slope error and some curvature, mostly at 
the temperature extremes. Figure 5 shows a typical AD 590K 
temperature curve before and after calibration error trimming. 

+2"c 
BEFORE 
CALIBRATION 
TRIM 

-2"cL-----_$~·-C--------------------------+-,00~·~C--
TEMPERATURE 

Figure 5. Effect of Scale Factor Trim on Accuracy 

ERROR VERSUS TEMPERATURE, NO USER TRIMS 
Using the AD590 by simply measuring the current, the total 
error is the ''variance from PTAT" described above plus the 
effect of the calibration error over temperature. For example 
the AD590L maximum total error varies from 2.33°C at 
-55°C to 3.02°C at l500C. For simplicity, only the larger fig
ure is shown on the specification page. 

NONLINEARITY 
Nonlinearity as it applies to the AD590 is the maximum devia
tion of current over temperature from a best-fit straight line. 
The nonlinearity ofthe AD590 over the -55°C to +l500C 
range is superior to all conventional electrical temperature 
sensors such as thermocouples, RTD's and thermistors. Fig
ure 6 shows the nonlinearity of the typical ADS90K from 
Figure 5. 

+1.6"C 

·1.6"C L----::':::---------------------------------,,:::,..:::c,-

Figure 6. Nonlinearity 

Figure 7 A shows a circuit in which the nonlinearity is the ma
jor contributor to error over temperature. The circuit is 
trimmed by adjusting Rl for a OV output with the AD590 
at OoC. R2 is then adjusted for 10V out with the sensor at 
100° C. Other pairs of temperatures may be used with this pro
cedure as long as they are measured accurately by a reference 
sensor. Note that for +15V output (150°C) the V+ of the op 
amp must be greater than 17V. Also note that V-should be 
at least -4V: if V- is ground there is no voltage applied across 
the device. 
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AD590 
+15V 

AD5B1 

~-_ .. 1DOmvrc 

v-

Figure lA. Two Temperature Trim 

+,-c 

_'-cL-~ __ ~ _______ ~ __ ~~ __ 
-55°C +100"C +15O"C 

Figure lB. Typical Two-Trim Accuracy 

VOLTAGB AND THBRMAL BNVIRONMBNT BFFBCTS 

The power supply rejection specifications show the maximum 
expected change in output current versus input voltage changes. 
The insensitivity of the output to input voltage allows the use 
of unregulated supplies. It also means that hundreds of ohms 
of resistance (such as a CMOS multiplexer) can be tolerated 
in series with the device. 

It is important to note that using a supply voltage other than 
5V does not change the PTAT nature of the AD590. In other 
words, this change is equivalent to a calibration error and can 
be removed by the scale factor trim (see previous page). 

The AD590 specifications are guaranteed for use in a low 
thermal resistance environment with 5V across the sensor. 
Large changes in the thermal resistance of the sensor's envi
ronment will change the amount of self-heating and result 
in changes in the output which are predictable but not neces
sarily desirable. 

The thermal environment in which the AD590 is used deter
mines two important characteristics: the effect of self heating 
and the response of the sensor with time. 

Figure 8. Thermal Circuit Model 

Figure 8 is a model of the AD590 which demonstrates these 
characteristics. As an example, for the TO-52 package, 0lC is 
the thermal resistance between the chip and the case, about 
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26° C/watt. OCA is the thermal resistance between the case and 
its surroundings and is determined by the characteristics of 
the thermal connection. Power source P represents the power 
dissipated on the chip. The rise of the junction temperature, 
Tl' above the ambient temperature TA is:, 

Eq. 1 

Table I gives the sum of 0lC and OCA for several common 
thermal media for both the "H" and "F" packages. The heat
sink used was a common clip·<m. Using Equation 1, the temper
atureriseofanAD590 "H"packageina stirred bath at+25°C, 
when driven with a 5V supply, will be 0.06°C. However, for 
the same conditions in still air the temperature rise is o.noc. 
For a given supply voltage, the temperature rise varies with 
the current and is PT AT. Therefore, if an application circuit 
is trimmed with the sensor in the same thermal environment 
in which it will be used, the scale factor trim compensates for 
this effect over the entire temperature range. 

MEDIUM Oil:; + O(;t. (0 C/watt~ T {secHNote 3) 

!! E !! !: 
Aluminum Block 30 10 0.6 0.1 
Stirred Oil' 42 60 1.4 0.6 
Moving Air2 

With Heat Sink 45 5.0 
Without Heat Sink 115 190 13.5 10.0 

Still Air 
With Heat Sink 191 108 
Without Heat Sink 480 650 60 30 

1 Note: l' is dependent upon velocity of oil; average of several velocities 
listed above. 

2 Air velocity'" 9ft/sec. 
'The time constant is defined as the time required to reach 63.2% of 

an instantaneous temperature change. 

Table I. Thermal Resistances 

The time response of the AD590 to a step change in tempera
ture is determined by the thermal resistances and the thermal 
capacities of the chip, CeH' and the case, Ce. CeH is about 
0.04 watt-sec/DC for the AD590. Ce varies with the measured 
medium since it includes anything that is in direct thermal con
tact with the case. In most cases, the single time constant ex
ponential curve of Figure 9 is sufficient to describe the time 
response, T(t). Table I shows the effective time constant, T, 

for several media. 

TFINAL - - - - - -:...;o---~ 

SENSED 
TEMPERATURE 

TINITIAl "--~------'4'------:T::-'M-E-

Figure 9. Time Response Curve 
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GENERAL APPLICATIONS 

+5V 

8 
9 

AD590 
AD2040 4 

2 
3 

GND 

Figure 10. Variable Scale Display 

OFFSET 
CALIBRATION 

GAIN SCALING 

OFFSET SCALING 

Figure 10 demonstrates the use of a low-cost Digital Panel 
Meter for the display of temperature on either the Kelvin, 
Celsius or Fahrenheit scales. For Kelvin temperature Pins 9, 
4 and 2 are grounded; and for Fahrenheit temperature Pins 4 
and 2 are left open. 

The above configuration yields a 3 digit display with 1°C or 
1°F resolution, in addition to an absolute accuracy of ±2.0oC 
over the -SSoC to +12SoC temperature range if a one-temper
ature calibration is performed on an ADS90K, L, or M. 

+15V 

IOkSl 
(0.1%) 

+ 
AD590 

+ 
AD590 

+ 
AD590 

+5V 

+ 

Figure ". Series & Parallel Connection 

AD590 

Connecting several ADS90 units in series as shown in Figure 
11 allows the minimum of all the sensed temperatures to be 
indicated. In contrast, using the sensors in parallel yields the 
average of the sensed temperatures. 

The circuit of Figure 12 demonstrates one method by which 
differential temperature measurements can be made. Rl and 
R2 can be used to trim the output of the op amp to indicate 

REV. A 

AD590L 
#2 

V+ 

Applying the AD590 

IOkn 

AD590L 
#1 

R, 5Mn 

50kn R2 

V-

Figure 12. Differentia/Measurements 

a desired temperature difference. For example, the inherent 
offset between the two devices can be trimmed in. If V+ and 
V- are radically different, then the difference in internal dissi
pation will cause a differential internal temperature rise. This 
effect can be used to measure the ambient thermal resistance 
seen by the sensors in applications such as fluid level detec
tors or anemometry. 

7.5V 

RESISTORS ARE 1%. 50ppmrC 

Figure 13. Cold Junction Compensation Circuit for 
Type J Thermocouple 

Figure 13 is an example of a cold junction compensation circuit 
for a Type J Thermocouple using the ADS 90 to monitor the 
reference junction temperature. This circuit replaces an ice-bath 
as the thermocouple reference for ambient temperatures 
between +1S°C and +3SoC. The circuit is calibrated by adjust
ing RT for a proper meter reading with the measuring junction 
at a known reference temperature and the circuit near +2SoC. 
Using components with the T.C.'s as specified in Figure 13, 
compensation accuracy will be within ±O.SoC for circuit 
temperatures between +lSoC and +3S°C. Other thermocouple 
types can be accommodated with different resistor values. 
Note that the T.C.'s of the voltage reference and the resistors 
are the primary contributors to error. 
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AD590 

4mA = 17"C 
12mA =25'C 
20mA =33'C 

AD590 

v+ 

5k.Q 

0.01 
p.F 

10k.Q L.-___ +-__ ..... ____ - .... 

100 

v-

Figure 14. 4 to 20mA Current Transmitter 

Figure 14 is an example of a current transmitter designed to be 
used with 40V, 1kn systems; it uses its full current range of 
4mA to 20mA for a narrow span of measured temperatures. 
In this example the l~/K output of the ADS90 is amjlified 
to 1 mAl C and offset so that 4mA is equivalent to 17 C and 
20mA is equivalent to BOC. RT is trimmed for proper reading 
at an intermediate reference temperature. With a suitable 
choice of resistors, any temperature range within the operating 
limits of the ADS90 may be chosen. 

A0681 
OUT 10V 

v-
A" 

llseT 

R. 

v+ 

R. 

., 
I 
I 
I 
I 
I 
I 
I L. ____ .J 

I HEATING 
I ELEMENTS 
I 
I 

Figure 15. Simple Temperature Control Circuit 

Figure 15 is an example of a variable temperature control cir
cuit (thermostat) using the ADS90. RH and RL are selected to 
set the high and low limits for RSET' RSET could be a simple 
pot, a calibrated multi-turn pot or a switched resistive divider. 
Powering the ADS90 from the 10V reference isolates the 
ADS90 from supply variations while maintaining a reasonable 
voltage (-7V) across it. Capacitor C1 is often needed to filter 
extraneous noise-from remote sensors. RB is determined by 
the fJ of the power transistor and the current .requirements of 
the load. 

Figure 16 shows how the ADS90 can be configured with an 8-
bit DAC to produce a digitally controlled set point. This 
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6.9BkO 

AD'" 

AD680 

.. v 

1kn 

OUTPUT HIGH - TEMPERATURE ABOVE seT POINT 

OUTPUT LOW - TEMPERATURE BELOW seT POINT 

6.1MO 

Figure 16. DAC Set Point 

particular circuit operates from 0 (all inputs high) to +51 DC 
(all inputs low) in O.2°C steps. The comparator is shown with 
1 ° C hysteresis which is usually necessary to guard-band for 
extraneous noise; omitting the S.lMn resiStor results in 
no hysteresis. 

+ 
AD590 

+ 

1k.Q(O.1%) 

Figure 17. A 0590 Driven from CMOS Logic 

The voltage compliance and the reverse blocking characteristic 
of the ADS90 allows it to be powered directly from +SV CMOS 
logic. This permits easy multiplexing, switching or1Julsing for 
minimum internal heat dissipation. In Figure 17 any ADS 90 
connected to a logic high will pass a signal current through the 
current measuring circuitry while those connected to a logic 
zero will pass insignificant current. The outputs used to drive 
the ADS90's may be employed for other purposes, but the 
additional capacitance due to the ADS90 should be taken 
into account. 
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11 

12 

13 

10 

.'OV ,. 

4028 
CMOS 

BCD·TO· 
DECIMAL 

DECODER 

14~~~------~---+--------,---;--------, 

+ 

+ 
02 

+ + + 
12 - 11 - 10 

- 22 - 21 -20 

A0590 

- 00 

COLUMN I 
SELECT 4061 CMOS ANALOG 

MULTIPLEXER 

INHIBIT 

lOkn 10mVrC 

Figure 1B. Matrix MUltiplexer 

CMOS Analog Multiplexers can also be used to switch ADS90 
current. Due to the ADS 90's current mode, the resistance of 
such switches is unimportant as long as 4 V is maintained 
across the transducer. Figure 18 shows a circuit which combines 
the principal demonstrated in Figure 17 with an 8 channel 
CMOS Multiplexer. The resulting circuit can select one of 
eighty sensors over only 18 wires with a 7 bit binary word. The 
inhibit input on the multiplexer turns all sensors off for mini
mum dissipation while idling . 

A0590L 

. , 
S2 

+ + 
A0590L ss 

-6Vto -15V 

0 
E 0 
C R 
0 I 
0 V 
E E 
R R 
I 

EN ----
BINARY 

CHANNEL 
SELECT 

Figure 19. B-Channel Multiplexer 

Figure 19 demonstrates a method of multiplexing the ADS90 
in the two-trim mode (Figure 7). Additional ADS 90's and their 
associated resistors can be added to multiplex up to 8 channels 
of ±O.SOC absolute accuracy over the temperature range of 
-SSoC to +12SoC. The high temperature restriction of +12SoC 
is due to the output range of the op amps; output to +lSOoC 
can be achieved by using a +20V supply for the op amp. 

AD590 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High Precalibratad Accuracy: O.S"C max @ 2S"C 
Excellent Linearity: 0.1S"C max (0 to +7O"C) 
Wide Operating Temperature Range: -2S"C to +105"C 
Single Supply Operation: +4V to +30V 
Excellent Repeatability and Stability 
High Level Output: 1,...AIK 
Two Terminal Monolithic IC: Temperature Inl 

Current Out 
Minimal Self-Heating Errors 

PRODUCT DESCRIPTION 
The ADS92 is a two terminal monolithic integrated circuit tem
perature transducer that provides an output current proportional 
to absolute temperature. For a wide range of supply voltages the 
transducer acts as a high impedance temperature dependent 
current source of I,...A/K. Improved design and laser wafer 
trimming of the IC's thin film resistors allows the ADS92 to 
achieve absolute accuracy levels and nonlinearity errors previously 
unattainable at a comparable price. 

The ADS92 can be employed in applications between - 2S·C 
and + IOS·C where conventional temperature sensors (i.e., ther
mistor, RTD, thermocouple, diode) are currently being used. 
The inherent low cost of a monolithic integrated circuit in a 
plastic package, combined with a low total parts count in any 
given application, make the ADS92 the most cost effective tem
perature transducer currently available. Expensive linearization 
circuitry, precision voltage references, bridge components, resis
tance measuring circuitry and cold junction compensation are 
not required with the ADS92. 

Typical application areas include; appliance temperature sensing, 
automotive temperature measurement and control, HV AC (heat
ingIventilatinglair conditioning) system monitoring, industria1 
temperature control, thermocouple cold junction compensation, 
board-level electronics temperature diagnostics, temperature 
readout options in instrumentation, and temperature correction 
circuitry for precision electronics. Particularily useful in remote 
sensing applications, the ADS92 is immune to voltage drops and 
voltage noise over long lines due to its high impedance current 
output. ADS92s can easily be multiplexed; the signal current 
can be switched by a CMOS multiplexer or the supply voltage 
can be enabled with a tri-state logic gate. 

"Protected by PateD! No. 4,lZ3,698. 
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Low Cost, Precision I C 
Temperature Transducer 

AD592* I 
CONNECTION DIAGRAM 

PIN 2 PIN 1 

o 0 
INC) 1+) 

'PlN 2 CAN BE EITHER ATTACHED OR UNCONNECTED 

BOTTOM VIEW 

The ADS92 is available in three performance grades; the 
ADS92AN, ADS92BN and ADS92CN. All devices are packaged 
in a plastic TO-92 case rated from - 4S"C to + 12S·C. Performance 
is specified from - 2S·C to + IOS·C. ADS92 chips are also 
available, contact the factory for details. 

PRODUCT HIGIH.IGHTS 
1. With a single supply (4V to 30V) the ADS92 offers OSC 

temperature measurement accuracy. 
2. A wide operating temperature range (- 2S"C to + IOS"C) and 

highly linear output make the ADS92 an ideal substitute for 
older, more limited sensor technologies (i.e., thermistors, 
RTDs, diodes, thermocouples). 

3. The ADS92 is electrically rugged; supply irregularities and 
variations or reverse voltages up to 20V will not damage the 
device. 

4. Because the ADS92 is a temperature dependent current source, 
it is immune to voltage noise pickup and IR drops in the 
signa1leads when used remotely. 

S. The high output impedance of the ADS92 provides greater 
than O.S"CIV rejection of supply voltage drift and ripple. 

6. Laser wafer trimming and temperature testing insures that 
ADS92 units are easily interchangeable. 

7. Initial system accuracy will not degrade significantly over 
time. The ADS92 has proven long term performance and 
repeatability advantages inherent in integrated circuit design 
and construction. 
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AD592 - SPECIFICATIONS (typical @ +25°C. Vs = +5V unless othelWise noted) 

ADS92AN ADS9ZBN ADS9ZCN 
Model Mill Tn> Mu Mill Tn> Mu Mill Tn> Mu Uaita 

ACCURACY 
CalibrationBrror@25'C1 1.5 2.5 0.7 1.0 0.3 0.5 'C 

TA = Oto + 70'C 
BrroroverTemperature 1.8 3.0 0.8 1.5 0.4 0.8 'C 
NooIincarity' 0.15 0.35 0.1 0.25 0.05 0.15 'C 

TA = -25to + 105'C 
Brrorover Temperature' 2.0 3.5 0.9 2.0 0.5 1.0 'C 
NooIincarity' 0.25 0.5 0.2 0.4 0.1 0.35 'C 

OUTPUT CHARACTERISTICS 
NomiDaI Current Output 

@25'C(298.2K) 298.2 298.2 298.2 IIA 
Temperature CoefIicient I I I p.AJ'C 
Repeatability' 0.1 0.1 0.1 'C 
Long Tenn Stability' 0.1 0.1 0.1 DC/month 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature -25 
Package Temperature" -45 
Forward Voltage ( + to -) 
Reverse Voltage ( - to + ) 
Lead Temperature 

(Soldering 10 sec) 

POWER SUPPLY 
Operating Voltage Range 4 
Power Supply Rejection 

+4V<V,<+5V 
+5V<V,<+I5V 
+ 15V<V,< + 30V 

NOTES 
I Aoextemal calibration trim can be used to zero the error@2S'C. 
2Ddincd as the maximum. deviation from. amathematically best fit line. 
'Panmeter tested on all production units at + IOS'C only. C grade at 
-2S'CaIao. 

'Maximum deviation between + 2S'C readinga after a temperature cycle 
between -45'Cand + 12S'C. Erron of this type are noncummulative. 

s()peration@125,,(;,erroroveftimeisnoncumm.ulative. 

METALIZATION DIAGRAM 

+105 -25 +105 -25 +105 'C 
+125 -45 +125 -45 +125 'C 
44 44 44 V 
20 20 20 V 

300 300 300 'C 

30 4 30 4 30 V 

0.5 0.5 0.5 'CN 
0.2 0.2 0.2 'eN 
0.1 0.1 0.1 'eN 

6Although performance is not specified. beyond the operating temperature range;temperature 
excursions within the package temperature range will not damaae thedevice. 

Specification. subject to change without notice. 

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

K 
·c 

+223" +2730 +298° +3230 +37r +423° 
-500 ct +26° +50" +1000 +1500 

t------66M'LS-----I~T 

W I Iii III ! 1111111111 !II Ii fillll!IIIIII!III!II! III \ I!II!I/II d 

v-

THE AD592 IS AVAILABLE IN LASER-TRIMMED CHIP FORM. 

MaxCaI 
Model Error@2SDC 

AD592eN O.soC 
ADS92BN l.Ooe 
ADS92AN 2Se 

·F 

~r 
-100" rf' I : +100" +200"1 +300" 

32" 700 2120 

TEMPERATURE SCALE CONVERSION EQUATIONS 

°c = ~(oF -32) 
9 

OF = ~ °c +32 

K = °c +273.15 

OR = OF +459.7 

ORDERING GUIDE 

Max Error Max Nonlinearity Package 
- 2SDC to + 10SDC - 2SDC to + lOSDC Option· 

l.ODe O.3Soe TO-92 
2.0oe O.4°e TO-92 
3Se o.soe TO-92 

For outline information see Package Information section. 

9-18 TEMPERATURE SENSORS REV. A 



Typical Performance CUlVes-AD592 
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AD592 
THEORY OF OPERADON 
The ADS92 uses a fundamental property of silicon transistors to 
rea1ize its temperature proportional output. If two identical 
transistors are operated at a constant ratio of collector current 
densities, r, then the difference in base-emitter voltages will be 
(kT/q)(ln r). Since both k, Boltzman's constant and q, the charge 
of an electron are constant, the resulting voltage is directly 
Proportional To Abaolute Temperature (PTAT). In the ADS92 
this difference voltage is converted to a PI' AT current by low 
temperature coefficient thin film resistors. This PI' AT current 
is then used to force the total output current to be proportional 
to degrees Kelvin. The result is a current source with an output 
equal to a scale factor times the temperature (K) of the sensor. 
A typical V-I plot of the circuit at + 2S·C and the temperature 
extremes is shown in Figure 1. 

+10&"C ., • 
/ +Z&'C 

1// -.... 

~ r -UP TO 

-I / 
SUPPLY VOlTAGE - Vahs 

Figure 1. V-I Characteristics 

Factory trimming of the scale factor to 1,..AIK is accomplished 
at the wafer level by adjusting the ADS92's temperature reading 
so it corresponds to the actual temperature. During laser trimming 
the IC is at a temperature within a few degrees of 2SOC and is 
powered by a SV supply. The device is then packaged and 
automatically temperature tested to specification. 

FACTORS AFFECTING ADS9Z SYSTEM PRECISION 
The accuracy limits given on the Specifications page for the 
ADS92 makes it easy to apply in a variety of diverse applications. 
To calculate a total error budget in a given system it is important 
to correctly interpret the accuracy specifications, nonlinearity 
errors, the response of the circuit to supply voltage variations 
and the effect of the surrounding thermal environment. As with 
other electronic designs external component selection will have a 
major effect on accuracy. 

CALlBRADON ERROR, ABSOLUTE ACCURACY AND 
NONLINEARITY SPECIFICADONS 
Three primary limits of error are given for the ADS92 such that 
the correct grade for any given application can easily be chosen 
for the overall level of accuracy required. They are the calibration 
accuracy at 2SOC, and the error over temperature from 0 to 700c 
and - 2SOC to + lOSOC. These specifications correspond to the 
actual error the user would see if the current output of a ADS92 
were converted to a voltage with a precision resistor. Note that 
the maximum error at room temperature, over the commercial 
IC temperature range, or an extended range including the boiling 
point of water, can be directly read from the Specifications 
Table. All three error limits are a combination of initial error, 
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scale factor variation and nonlinearity deviation from the ideal 
1,..AIK output. Figure 2 graphically depicts the guaranteed 
limits of accuracy for an ADS92CN. 

I' , 

i 
~ 

-25 +25 +10 +'05 
TEMPERATURe - "C 

Figure 2. Error Specifications (AD592CN) 

The ADS92 has a highly linear output in comparison to older 
technology sensors (i.e., thermistors, RTDs and thermocouples), 
thus a nonlinearity error specification is separated from the 
absolute accuracy given over temperature. As a maximum deviation 
from a best-fit straight line this specification represents the only 
error which cannot be trimmed out. Figure 3 is a plot of typical 
ADS92CN nonlinearity over the full rated temperature range. 

+0.2 

+0.1 
TYPICAl NONUNEARITY 

L 
.,- t -........ 

.......... 

V " 
i' 

i · 
~ 
1-0.1 

-0.2 

-25 +25 +70 +108 
TEMPERATURE -"C 

Figure 3. Nonlinearity Error (AD592CN) 

TRIMMING FOR IDGBER ACCURACY 
Calibration error at 2SOC can be removed with a single temperature 
trim. Figure 4 shows how to adjust the ADS92's scale factor in 
the basic voltage output circuit. 

+y 

AD692 

+ 

Figure 4. Basic Voltage Output (Single Temperature Trim) 

REV. A 



To trim the circuit the temperature must be measured by a 
reference sensor and the value of R should be adjusted so the 
output (Vour) corresponds to ImVlK. Note that the trim proce
dure should be implemented as close as possible to the temperature 
highest accuracy is desired for. In most applications if a single 
temperature trim is desired it can be implemented where the 
AD592 current-too()utput voltage conversion takes place (e.g., 
output resistor, offset to an op amp). Figure 5 illustrates the 
effect on total error when using this technique. 

+1.0 r-------r-----------, 
ACCURACY 

WITHOUT TRIM 

-1.0/------+---------1 

-2& +25 
TEMPERATURE _ "C 

+105 

Figure 5. Effect of Scale Factor Trim on Accuracy 

If greater accuracy is desired, initial calibration and scale factor 
errors can be removed by using the AD592 in the circuit of 
Figure 6. 

+5V 

AD1403 

., 
2.SV 8._0 1kO 

7.871cO 

AD592 

v-

Figure 6. Two Temperature Trim Circuit 

With the transducer at OOC adjustment of Rl for a OV output 
nulls the initial calibration error and shifts the output from K to 
·C. Tweaking the gain of the circuit at an elevated temperature 
by adjusting R2 trims out scale factor error. The only error 
remaining over the temperature range being trimmed for is 
nonlinearity. A typical plot of two trim accuracy is given in 
Figure 7. 

SUPPLY VOLTAGE AND THERMAL ENVIRONMENT 
EFFECTS 
The power supply rejection characteristics of the AD592 minimizes 
errors due to voltage irregularity, ripple and noise. H a supply is 
used other than 5V (used in factory trimming), the power supply 
error can be removed with a single temperature trim. The PTAT 
nature of the AD592 will remain unchanged. The general insen-

REV. A 

AD592 
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-25 +25 +75 .. 05 
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Figure 7. Typical Two Trim Accuracy 

sitivity of the output allows the use of lower cost unregulsted 
supplies and means that a series resistance of several hundred 
ohms (e.g., CMOS multiplexer, meter coil resistance) will not 
degrade the overall performance. 

The thermal environment in which the AD592 is used determines 
two performance traits: the effect of self-heating on accuracy 
and the response time of the sensor to rapid changes in temperature. 
In the first case, a rise in the IC junction temperature above the 
ambient temperature is a function of two variables; the power 
consumption level of the circuit and the thermal resistance 
between the chip and the ambient environment (9J,v. Self-heating 
error in OC can be derived by multiplying the power dissipation 9 
by 9JA. Because errors of this type can vary widely for surroundings 
with different heat sinking capacities it is necessary to specify 
9JA under several conditions. Table I shows how the magnitude 
of self-heating error varies relative to the environment. In typical 
free air applications at 2SOC with a 5V supply the magnitude of 
the error is 0.2OC or less. A common c1i~n heat sink will 
reduce the error by 25% or more in critical high temperature, 
large supply voltsge situations. 

Medium 8JA ("C/watt) 1'(sec)* 

Still Air 
Without Heat Sink 175 60 
With Heat Sink 130 55 

Moving Air 
Without Heat Sink 60 12 
With Heat Sink 40 10 

Fluorinert Liquid 3S S 
Aluminum Block" 30 2.4 

*T is an average of five time coostants (99.3% of fiDaI value). In cases where 
the thermal response is DOt a simple exponential function, the actual thermal 
response may be better than indii:ated. 
**With thermal grease. 

Table I. Thermal Characteristics 
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AD592 
Response of the ADS92 output to abrupt changes in ambient 
temperature can be modeled by a single time constant T exponential 
function. Figure 8 shows typical response time plots for several 
media of interest. 
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Figure 8. Thermal Response Curves 

The time constant, T, is dependent on OJA and the thermal 
capscities of the chip and the psckage. Table I lists the effective 
T (time to reach 63.2% of the final value) for several different 
media. Copper printed circuit board connections where neglected 
in the analysis, however, they will sink or conduct heat directly 
through the ADS92's solder dipped Kovar leads. When faster 
response is required a thermally conductive grease or glue between 
the ADS92 and the surface temperature being measured should 
be used. In free air applications a clip-on heat sink will decrease 
output stabilization time by 10-20%. 

MOUNTING CONSIDERATIONS 
If the ADS92 is thermally attached and properly protected, it 
can be used in any temperature measuring situation where the 
maximum range of temperatures encountered is between - 25"C 
and + 10S·C. Because plastic IC psckaging technology is employed, 
excessive mechanical stress must be safeguarded against when 
fastening the device with a clamp or screw-on heat tab. Thermally 
conductive epoxy or glue is recommended under typical mounting 
conditions. In wet or corrosive environments any electrically 
isolated metal or ceramic well can be used to shield the ADS92. 
Condenaation at cold temperatures can cause leakage current 
related errors and should be avoided by sealing the device in 
nonconductive epoxy psint or dips. 

APPLICATIONS 
Connecting several ADS92 devices in psraUel adds the currents 
through them and produces a reading proportional to the average 
temperature. Series ADS92s will indicate the lowest temperature 

+6V 

+ + + 
AD592 

+1SV 

+ 
AD592 

VT ... "0mY/KI 

Figure 9. Average and Minimum Temperature 
Connections 
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because the coldest device limits the series current flowing through 
the sensors. Both of these circuits are depicted in Figure 9. 

The circuit of Figure 10 demonstrates a method in which 
a voltage output can be derived in a differential temperature 
measurement. 

+v 

Figure 10. Differential Measurements 

Rl can be used to trim out the inherent offset between the two 
devices. By increasing the gain resistor (lOkO) temperature 
measurements can be made with' higher resolution. If the mag
nitude of V + and V - is not the aame, the difference in power 
consumption between the two devices can cause a differential 
self-heating error. 

Cold junction compensation (CJc) used in thermocouple signal 
conditioning can be implemented using an ADS92 in the circuit 
configuration of Figure 11. Expensive simulated ice baths or 
hard to trim, inaccurate bridge circuits are no longer required. 

1 c. L ___ 

AD1403 

---., 
Cu 1 

AD592 
1 
I 

REfERENCE I JUNCTION 1 ___ ..1 

THERMOCOUPLE APPROX. 
TYPE RVALUE .. .. 

" .. 

410 
4'0 
8UI 
an 
61' 

Figure 11. Thermocouple Cold Junction Compensation 

The circuit shown can be optimized for any ambient temperature 
range or thermocouple type by simply selecting the correct 
value for the scaling resistor - R. The ADS92 output (1 jIAIK) 
times R should approximate the line best fit to the thermocouple 
curve (slope in VI"C) over the most likely ambient temperature 
range. Additionally, the output sensitivity can be chosen by 
selecting the resistors Rol and Ro2 for the desired noninverting 
gain. The offset adjustment shown simply references the ADS92 
to "C. Note that the TC's of the reference and the resistors are 
the primary contributors to error. Temperature rejection of 40 
to 1 can be easily achieved using the above technique. 

Although the ADS92 offers a noise immune current output, it is 
not compstible with process control/industrial automation current 
loop standards. Figure 12 is an example of a temperature to 4-
20mA transmitter for use with 4OV, lkO systems. 

In this circuit the 1 jIAIK output of the ADS92 is amplified to 
lmAI"C and offset so that 4mA is equivalent to 17"C and 20mA 
is equivalent to 33"C. Rt is trimmed for proper reading at an 
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Figure 12. Temperature to 4-20mA Current Transmitter 

intermediate reference temperature. With a suitable choice of 
resistors, any temperature range within the operating limits of 
the ADS92 may be chosen. 

Reading temperature with an ADS92 in a microprocessor based 
system can be implemented with the circuit shown in Figure 13. 

+ 
AD582 

SPAN 
11IIM 

VINHI 

+5V 

Figure 13. Temperature to Digital Output 

By using a differential input AID converter and choosing the 
current to voltage conversion resistor correctly any range of 
temperatures (up to the 130·C span the ADS92 is rated for) 
centered at any point can be measured using a minimal number 
of components. In this configuration the system will resolve up 
to lOCo 

A variable temperature controlling thermostat can easily be built 
using the ADS92 in the circuit of Figure 14. 

RmGH and Rww determine the limits of temperature controlled 
by the potentiometer Rslrr. The circuit shown operates over the 
full temperature range ( - 2S·C to + I05OC) the ADS92 is rated 
for. The reference maintains a constant set point voltage and 
insures that approximately 7V appears across the sensor. If it is 
necessary to guardband for extraneous noise hysteresis can be 
added by tying a resistor from the output to the ungrounded 
endofRww. 
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Figure 14. Variable Temperature Thermostat 

Multiple remote temperatures can be measured using several 
ADS92s with a CMOS multiplexer or a series of 5V logic gates 
because of the device's current-mode output and supply-voltage 
compliance range. The on-resistance of a FET switch or output 
impedance of a gate will not effect the accuracy, as long as 4V is 
maintained across the transducer. MUXs and logic driving circuits 
should be chosen to minimize leakage current related errors. 
Figure IS illustrates a locally controlled MUX switching the 
signal current from several remote AD592s. CMOS or TTL 
gates can also be used to switch the ADS92 supply voltages, 
with the multiplexed signal being transmitted over a single 
twisted pair to the load. 

+15V -1SV 

+ + + 
T. T, T, 

Figure 15. Remote Temperature Multiplexing 

To minimize the number of MUXs required when a large number 
of AD592s are being used, the circuit can be conftgured in a 
matrix. That is, a decoder can be used to switch the supply 
voltage to a column of ADS92s while a'MUX is used to control 
which row of sensors are being measured. The maximum number 
of AD592s which can be used is the product of the number of 
channels of the decoder and MUX. 
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An example circuit controlling 80 ADS92s is shown in Figure 
16. A 7-bit digital word is all that is required to select one of 
the sensors. The enable input of the multiplexer turns all the 
sensors off for minimum dissipation while idling. 

+1SV...-----..I..--I.-..I..--I.-------. 

.. . .. -...... 
Figure 16. Matrix Multiplexer 
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To convert the ADS92 output to "C or "F a single inexpensive 
reference and op amp can be used as shown in Figure 17. Although 
this circuit is similar to the two temperature trim circuit shown 
in Figure 6, two important differences exist. First, the gain 
resistor is fixed alleviating the need for an elevated temperature 
trim. Acceptable accuracy can be achieved by choosing an inex
pensive resistor with the correct tolerance. Second, the ADS92 
calibration error can be trimmed out at a known convenient 
temperature (i.e., room temperature) with a single pot adjustment. 
This step is independent of the gain selection. 

A01403 

v-

Figure 17. Celsius or Fahrenheit Thermometer 
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FEATURES 
-55"C to +150°C (-60°F to +300°FI Operation 
2°C Accuracy Over Temperature 
Temperature-Proportional Voltage Output 
User-Programmable Temperature Trip Points 
User-Programmable Hysteresis 
20 mA Open-Collector Trip Point Outputs 
TTL/CMOS Compatible 
Single-Supply Operation (4.5 V to 25 VI 
Low Cost 8-Pin DIP. SO. and TO-99 Packages 

APPLICATIONS 
Over/Under Temperature Sensor and Alarm 
Board Level Temperature Sensing 
Temperature Controllers 
Electronic Thermostats 
Thermal Protection 
HVAC Systems 
Industrial Process Control 
Remote Sensors 

GENERAL DESCRIPTION 
The TMP-O 1 is a temperature sensor which generates a voltage 
output proportional to ambient temperature and a control signal 
from one of two outputs when the device is either above or 
below a specific temperature range. Both the highllow tempera
ture trip points and hysteresis (overshoot) band are determined 
by user-selected external resistors. For high volume production, 
these resistors are available onboard. 

Low Power, Programmable 
Temperature Controller 

TMP-Ol I 
The TMP-OI consists of a bandgap voltage reference combined 
with a pair of matched comparators. The reference provides 
both a constant 2.5 V output and a voltage proportional to abso
lute temperature (VPT A T) which has a precise temperature 
coefficient of 5 m V /K and is 1.49 V (nominal) at + 25°e. The 
comparators compare VPTAT with the externally set tempera

generate an open-collector output signal 
spective thresholds has been exceeded. Hys

ed by the external resistor chain and is 
tal current drawn out of the 2.5 V refer
mirrored and used to generate a hysteresis 
ppropriate polarity after a comparator has 

comparators are connected in parallel, which 
t there is no hysteresis overlap and eliminates 

. ns between adjacent trip zones. 

'Iizes proprietary thin fIlm resistors in conjunc
duction laser trimming to maintain a temperature 

of 2°e, with excellent linearity. The open-collector out
puts are capable of sinking 20 rnA, enabling the TMP-OI to 
drive control relays directly. Operating from a + 5 V supply, 
quiescent current is only 400 I1A (max). 

The TMP-OI is available in the low cost 8-pin epoxy mini-DIP, 
cerdip, SO (small outline) packages, the TO-99 metal can, and 
in die form. Other industrial-grade packages will also be avail- II 
able. For applications requiring product which complies with 
MIL-STD/883 see the TMP-Olf883 data sheet, available from 
your local sales office. 

FUNCTIONAL BLOCK DIAGRAM 

Rl 

R2 

R3 

SET 
HIGH 

SET 
LOW 

TEMPERATURE 
OUTPUT 

UNDER 

Rl + R2 + R3 = 2.5 = RTOTAL 
(HYSTERESIS x 0.005) + 0.010 

Rl = (227 - SETHIGH) x 0.005 x RTOTAL 

2.5 

R3 = (SETLOW + 273) x 0.005 x RTOTAL 

2.5 

R2=RTOTAL-Rl-R3 

250kD <?:R1 + R2 + R3 2:2.5kn 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TMP-Ol-SPECIFICATIONS (V+ = +5 V. GND = 0 V. -40·C :5 TA :5 +85·C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUTS SET HIGH, SET LOW. 
Setpoint Scale Factor S mVlK 
Offset Voltage Vos mV 
Input Bias Current IB nA 
Nominal Input Voltage Range VSET 1.116 2.116 V 
Input Voltage Range VSET TA = 2SoC! GND V+ - TBD V 

OUTPUT VPTAT 
Scale Factor S mV/K 
Nominal Output 1.116 2.116 V 
Nominal Output T A = 2Soc, lOUT = TBD mA 1.49 V 
Total Unadjusted Error, "E" TUE (Note 2) ±0.6 ±1.2 K 
Total Unadjusted Error, "F" TUE (Note 2) ±2 ±4 K 
Nonlinearity, "E" 0.4 % 
Nonlinearity, "F" 0.8 % 
Power Supply Rejection Ratio PSRR 0.1 % 

OUTPUT 2.S V 
Nominal Value VREF 2.50 V 
Drift IS 40 ppmfC 
Line Regulation %N 
Load Regulation %/rnA 
Output Current IHyS rnA 
Hysteresis Current Scale Factor S fJd\/Degree 
Turn-On Settling Time ms 

OPEN-COLLECTOR OUTPUTS OVER, UNDER 
Comparator Offset, "E" 0.3 0.6 mV 
Comparator Offset, "F" 0.6 1.2 mV 
Output Low Voltage VOL IS!NK = I mA mV 
Output Low Voltage VOL IS!NK = 20 rnA 0.6 V 
Output Leakage Current IOH f.LA 
Fall Time tHL See Test Load! ns 

POWER SUPPLY 
Supply Range V+ 4.S V 
Supply Current ISY Unloaded f.LA 

NOTES 
'Guaranteed but not tested. 
2Includes only the effects of self-heating due to quiescent currents and does not consider errors caused by heating due to dissipation of output load currents. 
Specifications subject to change without notice. 

Test Load 
1 kO to V+, 20 pF to GND 

ABSOLUTE MAXIMUM RATINGS· 
Maximum Supply Voltage .................... + 18 V 
Maximum Output Current (Open Collector Outputs) .. SO rnA 
Maximum Output Voltage (Open Collector Outputs) .... 18 V 
Operating Temperature Range .......... -SsoC to + ISO°C 
Dice Junction Temperature .................... TBD 
Storage Temperature Range ........... -6SoC to + IS0°C 
Lead Temperature (Soldering, 60 sec) ........... +300°C 

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

This information applies to a product under devel<;Jpment. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TMP-Ol 
SPECIFICATIONS (V+ = +5 V, GND = 0 V, -55°C ,,-; TA ,,-; +15DoC unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUTS SET HIGH, SET LOW 
Setpoint Scale Factor mV/K 
Offset Voltage Vos mV 
Input Bias Current IB nA 
Nominal Input Voltage Range VSET 1.116 2.116 V 
Input Voltage Range VSET TA = +2SoC' GND V+ - TBD V 

OUTPUT VPTAT 
Scale Factor 5 mViK 
Nominal Output 2.116 V 
Nominal Output T A = + 25°C, lOUT = TBD 1.49 V 
Total Unadjusted Error, "A" TUE (Note 2) ±I ±2 K 
Total Unadjusted Error, "B" TUE (Note 2) ±3 ±6 K 
Nonlinearity, "A" 0.5 % 
Nonlinearity, "B" 1.0 % 
Power Supply Rejection Ratio PSRR 0.1 % 

OUTPUT2.SV vq Nominal Value 2.50 V 
Drift IS 40 ppmfC 
Line Regulation %N 
Load Regulation %/rnA 
Output Current IHys mA 
Hysteresis Current Scale Factor 5 ,...Aldegree 
Turn-On Settling Time To rated accuracy' ms 

OPEN-COLLECTOR OUTPUTS OVER, UNDER 
Comparator Offset, "A" 0.5 I mV 
Comparator Offset, "B" 2 mV 
Output Low Voltage VOL ISINK = I mA mV 
Output Low Voltage VOL ISINK = 20 rnA 0.6 V 
Output Leakage Current IOH 1 ,...A 
Fall Time tHL See Test Load' ns 

POWER SUPPLY 
Supply Range V+ 4.5 V 
Supply Current Isy Unloaded ,...A 

NOTES 
IGuaranteed but not tested. 
2Does not consider errors caused by heating due to dissipation of output load currents. 

Specifications subject to change without notice. 

Test Load 
1 kO to V+, 20 pF to GND 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TMP-Ol 
GENERAL DESCRIPTION 
The TMP-OI is a very linear voltage-output tempemture sensor 
with a window comparator which can be programmed by the 
user to activate one of two open-collector outputs when a 
predetermined tempemture setpoint has been exceeded. The 
tempemture sensor is basically a very accumtely tempemture
compensated voltage reference, with a buffered output voltage 
proportional to absolute temperature (PTA T), accurately 
trimmed to a scale factor of 5 m V fK. 

The low drift 2.5 V reference output serves two functions. The 
output voltage is easily divided externally with fixed resistors or 
potentiometers to establish the progmmmed heat/cool setpoints. 
In addition, the total output current of the reference determines 
the magnitude of the hysteresis band. As shown in the block 
diagram, this current is mirrored internally and fed to a bipolar 
three-state buffer. After a temperature setpoint has been 
exceeded and a comparator tripped, the buffer is enabled and 
outputs a current of the appropriate polarity which generates 
hysteresis offset voltage across the 1000 !l resistor at 
parator input. The comparator output remains 
voltage at the comparator input, equal to th 
voltage VPT A T summed with the hysteresis 
to the programmed setpoint. The compamtor 
LOW, deactivating the open-collector output and dis 
hysteresis current buffer. 

With excellent drift and noise characteristics, the 2.5 V output 
offers a superior voltage reference for data acquisition and trans
ducer excitation applications as well. Selection of a low drift 
buffer such as the OP-97 will ensure optimal reference accuracy 
without affecting the programmed hysteresis current. 

Programming the TMP-OI 
The High/Low setpoints are easily programmed by the user with 
voltages divided down from the 2.5 V reference voltage output 
using fixed resistors or potentiometers. Alternatively, the set
point voltages can be supplied by other ground-referenced volt
age sources such as user-programmed DACs or controllers. 

Noting that the hysteresis voltage is developed across 1000 !l, 
with 5 mY/degree sensitivity at the inputs to the comparators 
the scale factor for the programmed hysteresis current flowing 
out of the 2.5 V reference output is 5 fLNdegree. A 10 ~ 

302°F 2.116V 150 

2.00V 

212°F 1.B65V 100 

1.75V 

122°F 1.615V 50 

(O°F = 17.8°C) 1.4BV 

-32°F 1.365V 

baseline must be included in calculating the desired hysteresis 
value to correct for the offset bias current of the reference. 

Within the overall accumcy of the device, the minimum value of 
hysteresis that the user will obtain in practice is one degree or 
less with the maximum recommended 250 k!l load. 

Using the Nomograph 
Figure I can help the user to obtain a rough-cut estimate of the 
external resistor values needed in the basic divider chain config
umtion to program the TMP-OI heat/cool setpoints and tempera
ture hysteresis. The degrees Centigrade, degrees Farenheit, and 
VPT AT conversion scales are also useful in determining pro
gramming values. Examining the graph, it can be seen that each 
line dictates a range resistor values across the operating tem

MP-Ol. For example, if 2 degrees of hys
tal reference current must be set to 
divider chain of 125 k!l total. Reading 
e 2°C line, we can see the approximate 

in the divider chain needed to set the 
lOtS. Calculation of the actual values to be 

resistor formulas above, is recommended to 
ct temperature programming values desired. 

cts 
thermal conductivity of the various TMP-OI 

s, in some applications the user should consider the 
ects of self-heating due to the power dissipated by the open

collector outputs, which are capable of sinking up to 20 rnA 
continuous. Under full load, the TMP-OI open-collector output 
device is dissipating 

PDISS = (0.6 V)(0.020A) = 12 mW 

which in a free-standing surface-mount SO package accounts for 
a tempemture increase due to self-heating of 

aT = PDISS x aJA = 0.012 W x 158°C/W = 1.9°C. 

This will of course directly affect the accuracy of the TMP-OI 
and will for example cause the device to switch the heating out
put "OFF" 2 degrees early. Alternatively, bonding the same 
package to a moderate heatsink limits the self-heating affect to 
approximately 

aT = PDISS x aJC = 0.012W x 45°C/W = 0.54°C. 

which is a much more tolerable error in most systems. 

1.116V ~OI~----5LO------100L--1~2~5~150~----~~=O~--~250 
VPTAT °C RESISTOR LADDER - "" 

Figure 1. TMP-01 Nomograph 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Selection Guide 
Signal Conditioning Components & Subsystems 

V II Transmitters Sensor Hybrid 
Model Loop Power Local Power Isolated Excitation Sensor Type(s) IC Package Module Page' 

ADS94/ADS95 Thermocouple X lO-9 
AD596/AD597 Thermocouple X 10-17 
AD598 X LVDT X lO-23 
AD693 X X X mV:All X 10-39 
AD694 X X 0-2 or 10 V Input Range X 10-SI 

1B21 X X V-I X 10-63 
1B22 X X V-I X 10-67 
IB31 X Strain Gage X 10-71 

lB32 X Strain Gage X 10-79 

IB41 X X RTD X lO-87 
IBS1 X Thermocouple, mV X 10-91 

AC1226 Thermocouple Cold Junction Compensator X IO-S 

2B20 X V-I X 10-95 

2822 X X V-I X 10-99 

2823 X X V-I, Pin Programmable X 10-103 

282-l X X I-I X D 

2830 Strain Gage, RTD X 10-107 

2ml Strain Gage, RTD X 10-107 

2850 X Thermocouple, mV X 10-113 

2B52 X X Thermocouple, mV X D 
2B53 X ThermoClluple, m V X D 

2B5-li2B55 X Thermocouple, mV, 4-Channel X 10-117 

2B57 X X Solid State (AD590) X D 
2E58 X 3-Wire RTD X D 
2B59 X X 3-Wire RTD X D 

3B Series2 Modular Signal Conditioning Subsystem, Flexible, User Configurable D 
5B Series2 Modular Signal Conditioning Subsystem; System Applications D 
6B Series2 Software Configurable, Digitizing Signal Conditioning Subsystem D 

*7B Series2 Low Cost, Modular Process Control Signal Conditioners 10-123 

I D Jata sheet <wailahh:. 
~For detailed information on 3B--7B Series, (all 1-800-4-Analog and (for domestic ycrsions only) request the Data Acquisilioll and Coutrol Cata!oR. (For international versions, contact the local sales office.) 
*Nc\v product. 
Buldbcl' Type: Produt:l rccmnmcndcd for new design. 
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Orientation 
Signal Conditioning Components 
Signal conditioners provide an analog interface between sensors 
and the systems they serve. They amplify signals, provide zero 
suppression where necessary, introduce electrical isolation, furnish 
excitation for passive transducers and provide analog outputs in 
the form required by the system - either voltage or current - at 
appropriate levels. 

The most popular sensors are thermocouples, RTDs (resistance 
temperature detectors) and strain gages; they are low-level devices 
requiring precision amplification with low drift and noise. A 
useful discussion of their properties and signal-conditioning 
requirements can be found in the Analog Devices Transducer 
Interfacing Handbook (1980, $14.50 postpaid), available from 
P.O.Box 9106, Norwood MA 02062-9106. 

Signal-conditioning circuits can be assembled using many of the 
precision products to be found in this databook, such as operational 
amplifiers, instrumentation amplifiers, and isolation amplifiers, 
along with other electronic circuit elements and appropriate 
hardware. However, many system designers have found that, 
with less expenditure of valuable engineering talent, excellent 
and reliable results can be achieved at lower cost by purchasing 
complete dedicated signal conditioners with fully specified per
formance in standard packages. 

Many sensors require auxiliary circuitry; for example, ther
mocouples require a constant-temperature reference junction or 
an equivalent "ice-point" reference circuit, and strain gages and 
RTDs are passive devices that need excitation. Although the 
results of a measurement may be produced - and are ultimately 
needed - in the form of voltage, they may have to be transmitted 
as a varying current with a standard span, such as 4 to 20mA; 
often the power for such current loops is furnished to the sensor 
and its conditioner from the remote destination. 

Another requirement arises from the fact that systems often 
involve many diverse channels of measurement. Such systems 
need a family of signal conditioners to meet the multiplicity of 
functional needs, yet it is desirable that they be compacdy and 
ruggedly housed, modular, provided with a power supply and 
capable of being interchanged as system needs change. It is 
for such applications that the 7B family and its housing was 
designed. 

10-4 SIGNAL CONDITIONING COMPONENTS 

The selection guide lists the available devices that are recommended 
for new system designs, along with their salient features; detailed 
information will be found in the data sheets. Examples of such 
devices include conditioners for thermocouples, RTDs, strain 
gages, and low (m V)-level signal sources and current transmitters 
that convert the signal information to 4-20mA or 0-20mA currents 
for loops requiring analog information in that form. 

The individually listed devices are manufactured in various 
forms, ranging from monolithic integrated circuits (ADS94/S9SI 
S96IS97 and AD6931 AD694) to devices in dual in-line packages 
- using hybrid and surface-mount technologies - to modules 
with either pins for chassis wiring or screw terminals for field 
wiring. 

The 7 B Series of Process Control Signal Conditioners is a family 
of isolation-based, plug-in, signal-channel signal conditioners 
that accept inputs from a wide range of process control sensors 
and low level signals while providing high level output signals. 
Characterized by high performance, compact size and low cost, 
these modules have been optimized for use in process control 
applications. 

The 7B modules are isolated (I.SkV rms), operate from a single 
+24V dc supply and have a ±O.I%, max calibrated accuracy; 
they are identical in size (1.7" x 2.11" x 0.60") and are footprint 
compatible with standard solid-state relays. Signal conditioning 
functions include input protection, filtering, isolation, linearization 
for RTD and thermocouple inputs, excitation for remote trans
mitters and an output current module. User-specified custom 
ranges, that are technically feasible, can be supplied. 

The 7B modules have 240 volt protection ( - 2S·C to + 8S"C) for 
all field wiring terminations. All modules feature high common
mode rejection and operate over the extended industrial temper
ature range of - 4O"C to + 8S"C. The modules are packaged in 
a rugged, compact plastic case, and they utilize sturdy 0.04" pin 
connections. No external adjustment potentiometers are provided, 
thus minimizing the possibility of mechanical or human errors 
in the field that may adversely affect the system integrity. The 
7B modules are secured with a single self-contained mounting 
screw. 
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FEATURES 
80fJ.A Supply Current 
4V to 36V Operation 
O.5°C Typical Initial Accuracy 
Compatible with Standard Thermocouples 

IE, J, K, R, S, TI 
Auxiliary 10mV/OC Output 
Bow Corrected 

APPLICATIONS 
Thermocouple Cold Junction Compensator 
Centigrade Thermometer 
Temperature Compensation Network 

PRODUCT DESCRIPTION 
The ACl226 is a micropower thermocouple cold junction com
pensator for use with type E, J, K, R, Sand T thermocouples. 
It utilizes wafer level and post-package trimming to achieve typi
cal O.soC initial accuracy. Special curvature correction circuitry 
is used to match the "bow" found in all thermocouples so that 
accurate cold junction compensation is maintained over a wider 
temperature range. 

The ACl226 will operate with a supply voltage from 4V to 36V. 

10mV/oC 
TEMPERATURE 

SENSOR 

GND Vo 10mVrC 

Micropower Thermocouple 
Cold Junction Compensator 

AC1226 I 
PIN CONFIGURATION 

Vo 
10mV/·C 

J 
51.7 ... V/"C 

K, T 
4O.6 ... V/"C 

R,S 
6 ... vrc 

R
COMMON 

Typical supply current is 801LA, resulting in less than O.loC 
internal temperature rise for supply voltages under I OV. A 
IOmVrC output is available at low impedance in addition to the 
direct thermocouple voltages of 60.91LVrC (E), S1.7ILVrC (1), 
4O.31LVrC (K, T) and S.9SILVrC (R, S). All outputs are essen
tially independent of power supply volta$e. 

The AC1226 is available in an 8-pin plastic mini-DIP for tem
peratures between 0 and + 70°C. 

K, T 40.6,.VrC 

J 51.7,.VrC R, S 6,.VrC 

AC1226 Block Diagram 
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AC1226 -SPECIFICATIONS 
Electrical Characteristics (Vs = 5V, TA = +25°C, Pin 5 tied to Pin 4, unless otherwise noted.) 

Parameter Conditions Min Typ Max Units 

TEMPERATURE ERROR AT 10mVrC OUTPUT1,2 TJ =+25°C 0.5 2.0 °c 
Full Temperature Span* See Curve 

RESISTOR DIVIDER ACCURACy1,3 VOUT=IOmVrC 
E 60.4 60.9 61.6 fLVrC 
J 51.2 51.7 52.3 
K,T 40.2 40.6 41.2 
R, S 5.75 5.95 6.3 

SUPPLY CURRENT 4VSV1NS36V 50 SO 100 fLA 
* 50 ISO 

LINE REGULATION' 4VsVINs36V* 0.003 0.02 °CN 

LOAD REGULATION' OsIoslmA * 0.04 0.2 °C 

DIVIDER IMPEDANCE E 2.5 kO 
J 2.1 
K,T 4.4 
R,S 3.S 

CHANGE IN SUPPLY CURRENT 4VSV1NS36V 0.01 0.05 JLAfV 
PACKAGE OPTIONs 

Plastic DIP (N-S) 

NOTES 
'To calculate total temperature error at individual thermocouple outputs, add IOmV?C output error to the resistor divider error. Total error for type K output 
at +2S'C with an ACl226 is 2.0'C plus (O.6.,.V?C) (2S'C)I(40.6.,.V?C=2.0'C+0.37°C=2.37'C. 

'Temperature error is defmed as the deviation from the following formula: VoUT=iOmV(T) + (lOmV)(S.5x UrXT-25'C)'. The second term is a built-in 
nonlinearity designed to help compensate the nonlinearity of the cold junction. This "bow" is =O.34°C for a 25'C temperature change. 

'Divider accuracy is measured by applying a iO.OOOV signal to the output divider and measuring the individual outputs. 
'Regulation does not include the effects of self-heating. See "Internal Temperature Rise" in Application Guide. Load regulation is 30.,.A:<;IoslmA for 
TAsO'C. 

sPor outline information see Package Information section. 
-Denotes the specifications which apply over the full operating temperature range. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Input Supply Voltage .......................... 36V 
Output Voltage (Forced) ........................ SV 
Output Short Circuit Duration. . . . . . . . . . . . . . . .Indefinite 
Operating Temperature Range ....•.......... 0 to +70°C 
Storage Temperature Range ............ -55°C to + ISO°C 
Lead Temperature (Soldering, 10sec) ............. + 3000C 

Typical Performance Characteristics 
10 

~ - GU~~EDUMI~" ./ 
AC'226 /' -t-.. ...,... f-""" 

....... V ---/ .......... 
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APPLICATION GUIDE 
The ACI226 was designed to be extremely easy to use, but the 
following ideas and suggestions should be helpful in obtaining 
the best possible performance and versatility from this new cold 
junction compensator. 

THEORY OF OPERATION 
A thermocouple consists of two dissimilar metals joined 
together. A voltage (Seebeck EMF) will be generated if the two 
ends of the thermocouple are at different temperatures. In Fig
ure I, iron and constantan are joined at the temperature measur
ing point TI. Two additional thermocouple junctions are formed 
where the iron and constantan connect to ordinary copper wire. 
For the purposes of this discussion it is assumed that these two 
junctions are at the same temperature, T2. The Seebeck voltage, 
V s, is the product of the Seebeck coefficient a, and the temper
ature difference, TI-T2; Vs=a (Tl-T2). The junctions at T2 
are commonly called the cold junction because a common prac
tice is to immerse the T2 junction in O°C ice/water slurry to 
make T2 independent of room temperature variations. Thermo
couple tables are based on a cold junction temperature of O°C. 

Fe r" CU} 
TEMPERATURE'/ :' I • I Vs 

TO BE MEASURED T1 ,'-----'11----';:' T .. :"I-:::_ 
CONSTANTAN 1/ Cu 

AC1226 MUST BE LOCATED 
NEXT TO COLD JUNCTION 
FOR TEMPERATURE TRACKING 

Figure 1. 

For most applications an electronically simulated cold junction is 
required. The idea is basically to add a temperature dependent 
voltage to V s such that the voltage sum is the same as if the T2 
junction were at a constant O°C instead of at room temperature. 
This voltage source is called a cold junction compensator. Its 
output is designed to be OV at O°C and have a slope equal to the 
Seebeck coefficient over the expected range of T2 temperatures. 

To operate properly, a cold junction compensator must be at 
exactly the same temperature as the cold junction of the thermo
couple (T2). Therefore, it is important to locate the AC1226 
physically close to the cold junction with local temperature gradients 
minimized. If this is not possible, an extender made of matching 
thermocouple wire can be used. This shifts the cold junction 
from the user termination to the end of the extender so that the 
AC 1226 can be located remotely from the user termination as 
shown in Figure 2. 

"HOT" oFe ii Fe I I 
JUNCTION I I I I 

I I I I 
I I I I 

CN /') CN '-<..Cu 
EXTENDER " ..... __ .... 

FRONT PANEL "NEW" COLD 
CONNECTOR JUNCTION 

Figure 2. 
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AC1226 
The four thermocouple outputs on the ACl226 are 60.911 VloC 
(E), S1.711VI"C (J), 40.611VI"C (K and T) and 6I1V/'C (R and 
S). These particular coefficients are chosen to match the room 
temperature ( + 25°C) slope of the thermocouples. Over wide 
temperature ranges, however, the slope of thermocouples 
changes, yielding a quasi-parabolic error compared to a constant 
slope. The ACl226 outputs have a deliberate parabolic "bow" to 
help compensate for this effect. The outputs can be mathemati
cally described as the sum of a linear term equal to room tem
perature slope plus a quadratic term proportional to temperature 
deviation from + 25°C squared. The coefficient (13) of the qua
dratic term is a compromise value chosen to offer improvement 
in all the outputs. 

VOUT = aT + j3(T - 2S°C)2 
j3=S.Sx 10 .... 

The actual 13 term which would be required to best compensate 
each thermocouple type in the temperature range of 0 to + 50°C 
is: E, 6.6xlO .... ; J, 4.8xlO .... ; K, 4.3 X 10-4; R, 1.9xlO-3; S, 
1.9xlO-3 ; T, lxlO-3 • 

The temperature error specification for the AC 1226 (shown as a 
graph) assumes a 13 of S.Sxlrr'. For example, an AC1226 is 
considered "perfect" if its 10m V rc output fits the· equation 
Vo= IOmV(T)+S.Sx 1rr'(T-2S),. 

OPERATING AT NEGATIVE TEMPERATURES 
The ACl226 is designed to operate with a single positive supply. 
It therefore cannot deliver proper outputs for temperatures 
below zero unless· an external pull-down resistor is added to the 
Vo output. This resistor can be connected to any convenient 
negative supply. It should be selected to sink at least 30l1A of 
current. Suggested value for a - SV supply is ISOkO, and for a 
-ISV supply, 470kO. Smaller resistors must be used if an 
external load is connected to the 10mVrC output. The ACI226 ~ 
can source up to ImA of current, but there is a trade-off with .-
internal temperature rise. 

INTERNAL TEMPERATURE RISE 
The ACl226 is specified for temperature accuracy assuming no 
internal temperature rise. At low supply voltages this rise is usu
ally negligible (=O.OSoC @: SV), but at higher supply voltages or 
with external loads or pull-down current, internal rise could 
become significant. This effect can be calculated from a simple 
thermal formula, AT=(aJA) (V~) (IQ+ILl, where ah is thermal 
resistance from junction to ambient (= J30°CIW), V+ is the 
ACl226 supply voltage, IQ, is the ACl226 supply current 
(=80I1A), and IL is the total load current including actual load 
to ground and any pull-down current needed to generate nega
tive outputs. A sample calculation with a ISV supply and 
50l1A pull-down current would yield, (J30°ClW) (ISV) 
(80+S011A)=0.32°C. This is a significant rise in some applica
tions. It can be reduced by lowering supply voltage (a simple fix 
is to insert a lOY Zener in the V IN lead) or the system can be 
calibrated and specified after an initial warm-up period of sev
eral minutes. 
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AC1226 
THERMOCOUPLE EFFECTS IN LEADS 
Thermocouple voltages are generated whenever dissimilar mate
rials are joined. This includes the leads of Ie packages, which may 
be kovar in TO-S cans, alloy 42 or copper in dual-in-line pack
ages, and a variety of other materials in plating finishes and sol
ders. The net effect of these thermocouples is "zero" if all are at 
exactly the same temperature, but temperature gradients exist 
within IC packages and across PC boards whenever power is 
dissipated. For this reason, extreme care must be used to ensure 
that no temperature gradients exist in the vicinity of thermocou
ple terminations, the AC1226, or the thermocouple amplifier. If 
a gradient cannot be eliminated, leads should be positioned iso
thermally, especially the AC1226 R- and appropriate output 
pins, the amplifier input pins and the gain setting resistor leads. 
An effect to watch for is amplifier offset voltage warm-up drift 
caused by mismatched thermocouple materials in the wire 
bondllead system of the package. This effect can be as high as 
tens of microvolts in TO-S cans with kovar leads. It has nothing 
to do with the actual offset drift specification of the amplifier 
and can occur in amplifiers with measured "zero" drift. Warm
up drift is directly proportional to amplifier power dissipation. 
It can be minimized by avoiding TO-S cans, using low supply 
current amplifiers and by using the lowest possible supply volt
ages. Finally, it can be accommodated by calibrating and speci
fying the system after a five minute warm-up period. 

Figure 3 shows how to connect the ACI226 to the IBSI to 
compensate for the cold junction. This circuit is a conditioned 
and isolated channel for E, J, K, R, S or T thermocouples. 

Figure 4 shows optional ACI226/IBSI connections with open 
input detection. This circuit minimizes input offset error gener
ated by the pull up (or pull down) resistor, by eliminating the 
AC1226's divider impedance as seen by theresistor Rl. 

10-8 SIGNAL CONDITIONING COMPONENTS 

'PIN NUMBER DEPENDS ON THERMOCOUPLE TYPE. 

Figure 3. Using the AC21226 with the 1851, Isolated 
mVfThermocouple Signal Conditioner 

'PIN NUMBER DEPENDS ON THERMOCOUPLE TYPE. 

Figure 4. Optional AC122611851 Connections for Thermo
couple Input with Open Detection Circuit 
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Monolithic Thermocouple Amplifiers 
with Cold Junction Compensation 

FEATURES 
Pretrimmed for Type J (AD594) or 

Type K (AD595) Thermocouples 
Can Be Used with Type T Thermocouple Inputs 
Low Impedance Voltage Output: 10mVrc 
Built-in Ice Point Compensation 
Wide Power Supply Range: +5V to ± 15V 
Low Power: <1mW typical 
Thermocouple Failure Alarm 
Laser Wafer Trimmed to 1·C Calibration Accuracy 
Set-Point Mode Operation 
Self-Contained Celsius Thermometer Operation 
High Impedance Differential Input 
Side-Brazed DIP or Low Cost Cerdip 

PRODUCT DESCRIPTION 
The ADs94/ADs9s is a complete instrumentation amplifier and 
thermocouple cold junction compensator on a monolithic chip. 
It combines an ice point reference with a precalibrated amplifier 
to produce a high level (10m V 1°C) output directly from a ther
mocouple signal. Pin-strapping options allow it to be used as a 
linear amplifier-compensator or as a switched output set-point 
controller using either fixed or remote set-point control. It can 
be used to amplify its compensation voltage directly, thereby 
converting it to a stand-alone Celsius transducer with a low-im
pedance voltage output. 

The ADs94/ADs9S includes a thermocouple failure alarm that 
indicates if one or both thermocouple leads become open. The 
alarm output has a flexible format which includes TTL drive 
capability. 

The ADs94/ADs9S can be powered from a single ended supply 
(including + sV) and by including a negative supply, temperatures 
below O°C can be measured. To minimize self-heating, an unloaded 
AD594/AD59s will typically operate with a total supply current 
of l60",A, but is also capable of delivering in excess of ::!: SmA 
to a load. 

The ADS94 is precalibrated by laser wafer trimming to match 
the characteristic of type J (iron-constantan) thermocouples and 
the ADs9s is laser trimmed for type K (chromel-alumel) inputs. 
The temperature transducer voltages and gain control resistors 
are available at the package pins so that the circuit can be re
calibrated for other thermocouple types by the addition of two 
or three resistors. These terminals also allow more precise cali
bration for both thermocouple and thermometer applications. 

"Protected by U.S. Patent No. 4,029,974. 
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A0594*/A0595* I 
FUNCTIONAL BLOCK DIAGRAM 

+IN +c +T COM -T .c v· 

The AD594/AD595 is available in two performance grades. The 
C and the A versions have calibration accuracies of ::!: 1°C and 
::!: 3°C, respectively. Both are designed to be used from 0 to 
+ sO·C, and are available in l4-pin, hermetically sealed, side
brazed ceramic DIPs as well as low cost cerdip packages. 

PRODUCT HIGHLIGHTS 
I. The ADs94/ADS9S provides cold junction compensation, 

amplification, and an output buffer in a single IC package. 

2. Compensation, zero, and scale factor are all precalibrated by 
laser wafer trimming (L WT) of each IC chip. 

3. Flexible pin-out provides for operation as a set-point controller 
or a stand-alone temperature transducer calibrated in degrees 
Celsius. 

4. Operation at remote application sites is facilitated by low 
quiescent current and a wide supply voltage range of + sV to 
dual supplies spanning 30V. 

S. Differential input rejects common-mode noise voltage on the 
thermocouple leads. 
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AD594/AD595-SPECIFICATIONS (@ +25OC and Vs = 5 V. Type J (AD594). Type K (AD595) 
Thennocouple. unless otherwise noted) 

Model AD594A AD5!I4C ADS95A ADS9SC 
MiD Typ Mas MiD Typ Mas MiD Typ Mas MiD' Typ Mas 

AB~LUTE MAXIMUM RATINGS 
+Vsto -Vs 36 36 36 36 
Common·Mod.lnput Voltage -v, -0.15 +V, -Vs -0.15 +Vs -Vs -0.15 +Vs -Vs -0.15 +Vs 
Differential Input Vol..,. -v, +Vs -Vs +Vs -Vs +Vs -Vs +Vs 
AJannVoitages 

+ALM -Vs -Vs +36 -Vs -Vs +36 -Vs -Vs +36 -Vs -Vs +36 
-ALM -Vs +Vs -v, +Vs -Vs +V, -Vs +Vs 

Operating Tempezature Range -55 +125 -55 +125 -55 +125 -55 +125 
Output Short Circuit to Common Indefmite Indefmite Indefmite Indefmite 

TEMPERATURE MEASUREMENT 
(Specified Tempezature Range 

o to +5O'C) 
Calibration ErrOr at +25"C1 ",3 ±1 ±3 ±1 
Stability VI. Tempezarure' "'O.OS "'0.025 "'0.05 ±0.025 
Gain Error "'1.5 ",0.75 "'1.5 ±0.75 
Nominal Transfer Functioo 10 10 10 10 

AMPLIFII!R CHARACTERISTICS 
Cloaed Loop Gain' 193.4 193.4 247.3 247.3 

'input Offset Voltage (Tempezature in 'C)x51.70 ",vrc (Tempezatore in 'C)x51.70 ",vrc (Tempezatore in 'C)x40.44 ",vrc (Tempezature in 'C)x40.44 ",vrc 
Input Bias Current 0.1 0.1 0.1 0.1 
Differential Input Range -10 +50 -10 +50 -10 +50 
Common·Mode Range -V, -US +Vs -4 -V, -US +Vs-4 -V, ~US +V,-4 -V, -US +Vs-4 
Common·Mode Sensitivity - RTO 10 10 10 10 
Power Supply Sensitivity - RTO 10 10 10 10 
Output Voltage Range 

Dual Supplies -V, +2.5 +Vs -2 -Vs +2.5 +Vs -2 -V. +2.5 +V. -2 -V. +2.5 +V. -2 
Single Supply 0 +Vs -2 0 +Vs -2 0 +Vs +2 0 +Vs -2 
Usable Output Current" ±5 ±5 ±5 ±5 
3 dB Bandwidth 15 15 15 15 

ALARM CHARACTERISTICS 
VCB(SAT) at 2 mA 0.3 0,3 0.3 0.3 
Leakage Current ",1 ",1 "'1 "'1 
Opezating Voltage at - ALM +V.-4 +Vs-4 +Vs -4 +V.-4 
Short Circuit Current 20 20 20 20 

POWER REQUIREMENTS 
Specified Performance +Vs == 5, -Vs ·::: 0 +Vs = 5, -Vs == 0 +Vs == 5, -Vs == 0 +Vs = 5, -Vs = 0 
Operatillll' +Vs to -Vs s30 +Vs to -Vs :silO +Vs to -Vs :s30 +Vs to -Vs s30 
Qui=t Cuttent (No Load) 

+Vs 160 300 160 300 160 300 160 300 
-Vs 100 100 100 100 

PACKAGE OPTIoN' 
TO-1l6 (0·14) AD594AD AD5!I4CD A0595AD AD595CD 
Cerdip (Q·14A) AD594AQ AD594CQ A0595AQ AD595CQ 

NOTES 

Uails 

Volts 
Volts 
Volts 

Volts 
Volts 
'C 

'C 
'CI'C 
% 
mVrc 

",V 
",A 
mV 
Volts 
mVN 
mVN 

Volts 
Volts 
mA 
kHz 

Volts 
",A .... 
Volts 
mA 

Volts 
Volts 

",A 
",A 

ICalibrated for minimwn error at +2S"C using a thermocouple sensitivity ofSl.7 ~vrc. Since a J type thermocouple deviates from this straight line approximation, the AD594 will normally read 3.1 mV 
when the p1easuring junction is at OOC. The AD595 will similarly read. 2.7 mV at {)"C. 

2Defined as the slope of the line connecting the AD5941AD59S errors measured at O"C and 500c ambient temperature. 
3Pin 8 shorted to Pin 9. 
4current Sink Capability in single supply configuration is limited to current drawn to ground through a 50 kO resistor at output voltages below 2.5 V. 
s-Vs must not exceed -16.5 V. 
6por oudine information see Package Information section. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on aU production units at fl1181 electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. . 
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AD594/AD595 
Thermocouple Type) ADS94 TypeK ADS9S Thermocouple Type) ADS94 TypeK ADS95 
Temperature Voltage Output Voltage Output Temperature Voltage Outpot Voltage Output 
·C mV mV mV mV "C mV mV mV mV 

- 200 - 7.890 -1523 - 5.891 -1454 500 27.388 5300 20.640 5107 

- 180 - 7.402 -1428 - 5.550 -1370 520 28.511 5517 21.493 5318 

- 160 - 6.821 -1316 - 5.141 -1269 540 29.642 5736 22.346 5529 

- 140 - 6.159 -1188 - 4.669 -1152 560 30.782 5956 23.198 5740 

- 120 - 5.426 -1046 - 4.138 -1021 580 31.933 6179 24.050 5950 

- 100 - 4.632 - 893 - 3.553 - 876 600 33.096 6404 24.902 6161 
- 80 - 3.785 - 729 - 2.920 - 719 620 34.273 6632 25.751 6371 
- 60 - 2.892 - 556 - 2.243 - 552 640 35.464 6862 26.599 6581 

- 40 - 1.960 - 376 - 1.527 - 375 660 36.671 7095 27.445 6790 

- 20 - .995 - 189 - .777 - 189 680 37.893 7332 28.288 6998 

- 10 - .501 - 94 - .392 - 94 700 39.130 7571 28.128 7206 

0 0 3.1 0 2.7 720 40.382 7813 29.965 7413 

10 .507 101 .397 101 740 41.647 8058 30.799 7619 
20 1.019 200 .798 200 750 42.283 8181 31.214 7722 

25 1.277 250 1.000 250 760 - - 31.629 7825 

30 1.536 300 1.203 300 780 - - 32.455 8029 

~O 2.058 401 1.611 401 800 - - 33.277 8232 

50 2.585 503 2.022 503 820 - - 34.095 8434 

60 3.115 606 2.436 605 840 - - 34.909 8636 

80 4.186 813 3.266 810 860 - - 35.718 8836 

100 5.268 1022 4.095 1015 880 - - 36.524 9035 

120 6.359 1233 4.919 1219 900 - - 37.325 9233 

140 7.457 1445 5.7H 1420 920 - - 38.122 9430 

160 8.560 1659 6.539 1620 940 - - 38.915 9626 
180 9.667 1873 7.338 1817 960 - - 39.703 9821 

200 10.777 2087 8.137 2015 980 - - 40.488 10015 
220 11.887 2302 8.938 2213 1000 - - 41.269 10209 
240 12.998 2517 9.745 2413 1020 - - 42.045 10400 
260 14.108 2732 10.560 2614 1040 - - 42.817 10591 
280 15.217 2946 11.381 2817 1060 - - 43.585 10781 

300 16.325 3160 12.207 3022 1080 - - 44.349 10970 
320 17.432 3374 13.039 3327 1100 - - 45.108 11158 
340 18.537 3588 13.874 3434 1120 - - 45.863 11345 
360 19.640 3801 14.712 3641 1140 - - 46.612 1IS30 
380 20.743 4015 15.552 3849 1160 - - 47.356 11714 

400 21.846 4228 16.395 4057 1180 - - 48.095 11897 
420 22.949 4441 17.241 4266 1200 - - 48.828 12078 
440 24.054 4655 18.088 4476 1220 - - 49.555 12258 
460 25.161 4869 18.938 4686 1240 - - 50.276 12436 
480 26.272 5084 19.788 4896 1250 - - 50.633 12524 

Table I. Output Voltage vs. Thermocouple Temperature (Ambient +25°C, Vs = -5V, + 15V) 

INTERPRETING AD594/AD595 OUTPUT VOLTAGES 
To achieve a temperature proportional output of 10mVI"C and 
accurately compensate for the reference junction over the rated 
operating range of the circuit, the AD5941 AD595 is gain trimmed 
to match the transfer characteristic of J and K type thermocouples 
at 25°C. For a type J output in this temperature range the TC is 
51.70/LVrC, while for a type K it is 4O.44/LVI"C. The resulting 
gain for the AD594 is 193.4 (lOmVI"C divided by 51.7",VI"C) 
and for the AD595 is 247.3 (IOmVI"C divided by 4O.44/LVI"C). 
In addition, an absolute accuracy trim induces an input offset to 
the output amplifier characteristic of 16", V for the AD594 and 
11110 V for the AD595. This offset arises because the AD594/AD595 
is trimmed for a 250m V output while applying a 25°C thermocouple 
input. 

Because a thermocouple output voltage is noulinear with respect 
to temperature, and the AD5941 AD595 linearly amplifies the 
compensated signal, the following transfer functions should be 
used to determine the actual output voltages: 

AD594 output = (Type J Voltage + 16/LV) x 193.4 
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AD595 output = (Type K Voltage + lI/LV) x 247.3 
or conversely: 

Type J voltage = (AD594 output 1193.4) - 16",V 

Type K voltage = (AD595 output / 247.3) - lI/LV 

Table I above lists the ideal AD594/AD595 output voltages as a 
function of Celsius temperature for type J and K ANSI standard 
thermocouples, with the package and reference junction at 25"C. 
As is normally the case, these outputs are subject to calibration, 
gain and temperature sensitivity errors. Output values for inter
mediate temperatures can be interpolated, or calculated using 
the output equations and ANSI thermocouple voltage tables 
referred to zero degrees Celsius. Due to a slight variation in 
alloy content between ANSI type J and DIN FE-CuNI ther
mocouples Table I should not be used in conjunction with Euro
pean standard thermocouples. Instead the transfer function 
given previously and a DIN thermocouple table should be used. 
ANSI type K and DIN NICR-NI thermocouples are composed 
of identical alloys and exhibit similar behavior. The upper tem
perature limits in Table I are those recommended for type J and 
type K thermocouples by the majority of vendors. 
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AD594/AD595 
SINGLE AND DUAL SUPPLY CONNECTIONS 
The AD594/AD595 is a completely self-contained thermocouple 
conditioner. Using a single + 5V supply the interconnections 
shown in Figure I will provide a direct output from a type J 
thermocouple (AD594) or type K thermocouple (AD595) meas
uring from 0 to + 3000c. 

... .... 

CONSTANTAN 

(ALUMELI 

" 1 
I 
I IRON 

(~~;Ur---
I 

1Dmvfc 

Figure 1. Basic Connection, Single Supply Operation 

Any convenient supply voltage from + SV to + 30V may be 
used, with self-heating errors being minimized at lower supply 
levels. In the single supply configuration the + 5V supply connects 
to pin II with the V - connection at pin 7 strapped to power 
and sigual common at pin 4. The thermocouple wire inputs 
connect to pins 1 and 14 either directly from the measuring 
point or through intervening connections of sintilar thermocouple 
wire type. When the alarm output at pin 13 is not used it should 
be connected to common or - V. The precalibrated feedback 
network at pin 8 is tied to the output at pin 9 to provide a 
10mVrC nominal temperature transfer characteristic. 

By using a wider ranging dual supply, as shown in Figure 2, the 
AD5941 AD59S can be interfaced to thermocouples measuring 
both negative and extended positive temperatures. 

4 .... 

CONSTANTAN 

(ALUMEll 

.... 
1 
I 
! IRON ,---------("-

(CHROMELI I 
I 
I 

oro -15V 

Figure 2. Dual Supply Operation 

SPAN OF 
5VTO 30Y 

With a negative supply the output can indicate negative temper
atures and drive grounded loads or loads returned to positive 
voltages. Increasing the positive supply from 5V to 15V extends 
the output voltage range well beyond the 750"C temperature 
limit recommended for type J thermocouples (AD594) and the 
1250·C for type K thermocouples (AD595). 

Common-mode voltages on the thermocouple inputs must remain 
within the common-mode range of the AD594/AD595, with a 
return path provided for the bias currents. If the thermocouple 
is not remotely grounded, then the dotted line connections in 
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Figures I and 2 are recommended. A resistor may be needed in 
this connection to assure that common mode voltages induced in 
the thermocouple loop are not converted to normal mode. 

THERMOCOUPLE CONNECTIONS 
The isothermal terminating connections of a pair of themocouple 
wires forms an effective reference junction. This junction must 
be kept at the same temperature as the AD5941AD595 for the 
internal cold junction compensation to be effective. 

A method that provides for thermal equilibrium is the printed 
circuit board connection layout illustrated in Figure 3 . 

Figure 3. PCB Connections 

Here the AD594/ADS9S package temperature and circuit board 
are thermally contacted in the copper printed circuit board 
tracks under pins I and 14. The reference junction is now composed 
of a copper-constantan (or copper-alumel) connection and copper
iron (or copper-chrome!) connection, both of which are at the 
same temperature as the ADS94/AD595. 

The printed circuit board layout shown also provides for placement 
of optional a1arm load resistors, recaiibration resistors and a 
compensation capacitor to limit bandwidth. 

To ensure secure bonding the thermocouple wire should be 
cleaned to remove oxidation prior to soldering. Noncorrosive 
rosin flux is effective with iron, constantan, chrome! and alumel 
and the following solders: 95% tin-5% antimony, 95% tin-5% 
silver or 90% tin-IO% lead. 

FUNCTIONAL DESCRIPTION 
The AD594 behaves like two differential amplifiers. The outputs 
are summed and used to control a high-gain amplifier, as shown 
in Figure 4. 

Figure 4. AD5941AD595 Block Diagram 

In normal operation the main amplifier output, at pin 9, is 
connected to the feedback network, at pin 8. Thermocouple 
signals applied to the floating input stage, at pins 1 and 14, are 
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amplified by gain G of the differential amplifier and are then 
further amplified by gain A in the main amplifier. The output 
of the main amplifier is fed back to a second differential stage in 
an inverting connection. The feedback signal is amplified by 
this stage and is also applied to the main amplifier input through 
a summing circuit. Because of the inversion, the amplifier causes 
the feedback to be driven to reduce this difference signal to a 
small value. The two differential amplifiers are made to match 
and have identical gains, G. As a result, the feedback signal that 
must be applied to-the right-hand differential amplifier will 
precisely match the thermocouple input signal when the difference 
signa1 has been reduced to zero. The feedback network is trimmed 
so that the effective gain to the output, at pins 8 and 9, results 
in a voltage of IOmVI"C of thermocouple excitation. 

In addition to the feedback signa1, a cold junction compensation 
voltage is applied to the right-hand differential amplifier. The 
compensation is a differential voltage proportional to the Celsius 
temperature of the AD594/AD595. This signal disturbs the 
differential input so that the amplifier output must adjust to 
restore the input to equal the applied thermocouple voltage. 

The compensation is applied through the gain scaling resistors 
so that its effect on the main output is also IOmVI"C. As a result, 
the compensation voltage adds to the effect of the thermocouple 
voltage a signal directly proportional to the difference between 
O·C and the AD594/AD595 temperature. If the thermocouple 
reference junction is maintained at the AD5941 AD595 tempera
ture, the output of the AD594/AD595 will correspond to the 
reading that would have been obtained from amplification of a 
signal from a thermocouple referenced to an ice bath. 

The AD5941 AD595 also includes an input open circuit detector 
that switches on an alarm transistor. This transistor is actually a 
current-limited output buffer, but can be used up to the limit as 
a switch transistor for either pull-up or pull-down operation of 
external alarms. 

The ice point compensation network has voltages available with 
positive and negative temperature coefficients. These voltages 
may be used with external resistors to modify the ice point 
compensation and recalibrate the AD5941 AD595 as described in 
the next column. 

The feedback resistor is separately pinned out so that its value 
can be padded with a series resistor, or replaced with an external 
resistor between pins 5 and 9. External availability of the feedback 
resistor allows gain to be adjusted, and also pertuits the AD5941 
AD595 to operate in a switching mode for set-point operation. 

CAUTIONS: 
The temperatUre compensation tertuinals ( + C and - C) at pins 
2 and 6 are provided to supply small calibration currents ouly. 
The AD594/AD595 may be permanently damaged if they are 
grounded or connected to a low impedance. 

The AD594/AD595 is internally frequency compensated for 
feedback ratios (corresponding to nornta1 signal gain) of 75 or 
more. If a lower gain is desired, additional frequency compensation 
should be added in the form of a 300pF capacitor from pin 10 
to the output at pin 9. As shown in Figure 5 an additional O.OlI1F 
capacitor between pins 10 and 11 is recommended. 
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Figure 5. Low Gain Frequency Compensation 

RECALmRATION PRINCIPLES AND LIMITATIONS 
The ice point compensation network of the ADS94IAD595 
produces a differential signal which is zero at O"C and corresponds 
to the output of an ice referenced thermocouple at the temperature 
of the chip. The positive TC output of the circuit is proportional 
to Kelvin temperature and appears as a voltage at + T. It is 
possible to decrease this signal by loading it with a resistor from 
+ T to COM, or increase it with a pull-up resistor from + T to 
the larger positive TC voltage at + C. Note that adjustments to 
+ T should be made by measuring the voltage which tracks it at 
- T. To avoid destabilizing the feedback amplifier the measuring 
instrument should be isolated by a few thousand ohms in series 
with the lead connected to - T. 

Figure 6. Decreased Sensitivity Adjustment 

Changing the positive TC half of the differential output of the III 
compensation scheme shifts the zero point away from O·C. The I 
zero can be restored by adjusting the current flow into the negative 
input of the feedback amplifier, the - T pin. A current into this 
terminsl can be produced with a resistor between - C and - T 
to balance an increase in +T, or a resistor from -T to COM to 
offset a decrease in + T. 

If the compensation is adjusted substantia11y to accommodate a 
different thermocouple type, its effect on the fmal output voltage 
will increase or decrease in proportion. To restore the nomina1 
output to 10mVI"C the gain may be adjusted to match the new 
compensation and thermocouple input characteristics. When 
reducing the compensation the resistance between - T and 
COM automatically increases the gain to within 0.5% of the 
correct value. If a smaller gain is required, however, the nominal 
47kO internal feedback resistor can be paralleled or replaced 
with an external resistor. 

Fine calibration adjustments will require temperature response 
measurements of individual devices to assure accuracy. Major 
reconfigurations for other thermocouple types can be achieved 
without seriously compromising iuitial calibration accuracy, so 
long as the procedure is done at a fixed temperature using the 
factory calibration as a reference. It should be noted that inter
mediate recalibration conditions may require the use of a negative 
supply. An example using a type E thermocouple and an AD594 
is given on the next page. 
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AD594/AD595 
EXAMPLE: TYPE E RECALmRATION - AD594/AD595 
Both the AD594 and AD595 can be configured to condition the 
output of a type E (chromel-<:onstantan) thermocouple. Temper
ature characteristics of type E thermocouples differ less from 
type I, than from type K, therefore the AD594 is preferred for 
recalibration. 

While maintaining the device at a constant temperature follow 
the reca1ibration steps given here. First, measure the device 
temperature by tying both inputs to common (or a selected 
common mode potential) and connecting FB to Yo. The AD594 
is now in the stand alone Celsius thermometer modi:. For this 
example assume the ambient is 24°C and the initial output Vo is 
24OmV. Check the output at Voto verify that it corresponds to 
the temperature of the device. 

Next, measure the voltage - T at pin 5 with a high impedance 
DVM (capacitance should be isolated by a few thousand ohms 
of resistance at the measured terminals). At 24°C the - T voltage 
will be about 8.3mV. To adjust the compensation of an ADS94 
to a type E thermocouple a resistor, Rl, should be connected 
between + T and + C, pins 2 and 3, to raise the voltage at - T 
by the ratio of thermocouple sensitivities. The ratio for converting 
a type I device to a type E characteristic is: 

r (AD594) =(60.9 .... VFC)/(SI.7 .... V/°C)= 1.18 

Thus, multiply the initial voltage measured at - T by r and 
experimentally determine the Rl value required to raise - T to 
that level. For the example the new - T voltage should be 
about 9.8mV. The resistance value should be approximately 
l.8kn. 

The zero differential point must now be shifted back to O°C. 
This is accomplished by multiplying the original output voltage 
Vo by r and adjusting the measured output voltage to this value 
by experimentally adding a resistor, R2, between -C and -T, 
pins 5 and 6. The target output value in this case should be 
about 283mV. The resistance value of R2 should be approximately 
24OkO. 

Finally, the gain must be recalibrated such that the output V 0 

indicateS the device's temperature once again. Do this by adding 
a third resistor, R3, between FB and -T, pins 8 and 5. Vo 
should now be back to the initial 240m V reading. The resistance 
value ofR3 should be approximately 280kO. The fmal connection 
diagram is shown in Figure 7. An approximate verification of 
the effectiveness of recalibration is to measure the differential 
gain to the output. For type E it should be 164.2. 

R3 

Figure 7. Type E Recalibration 
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When implementing a similar recalibration procedure for the 
AD595 the values for RI, R2, R3 and r will be approximately 
6500, 84kO, 93kn and 1.51, respectively. Power consumption 
will increase by about 50% when using the AD595 with type E 
inputs. 

Note that during this procedure it is crucial to maintain the 
AD594/AD595 at a stable temperature because it is used. as the 
temperature reference. Contact with fingers or any tools not at 
ambient temperature will quickly produce errors. Radiational 
heating from a change in lighting or. approach of a soldering 
iron must also be guarded against. 

USING TYPE T THERMOCOUPLES WITH THE AD595 
Because of the similarity of thermal EMFs in the 0 to 5We 
range between type K and type T thermocouples, the AD595 
can be directly used with both types of inputs. Within this 
ambient temperature range the AD595 should exhibit no more 
than an additional O.2°e output calibration error when used 
with type T inputs. The error arises because the ice point com
pensator is trimmed to type K characteristics at 25°C. To calculate 
the AD595 output values over the recommended - 200 to 3500c 
range for type T thermocouples, simply use the ANSI ther
mocouple voltages referred to ooe and the output equation given 
on page 3 for the AD595. BeCause of the relatively large non
linearities associated with type T thermocouples the output will 
deviate widely from the nominall0mVre. However, cold junction 
compensation over the rated 0 to 50°C ambient will remain 
accurate. 

STABILITY OVER TEMPERATURE 
Each ADS94IAD595 is tested for error over temperature with 
the measuring thermocouple at we. The combined effects of 
cold junction compensation error, amplifier offset drift and gain 
error determine the stability of the AD5941 AD595 output over 
the rated ambient temperature range. Figure 8 shows an AD5941 
AD595 drift error envelope. The slope of this figure has units of 
acre. 

Figure 8. Drift Error vs. Temperature 

THERMAL ENVIRONMENT EFFECTS 
The inherent low power dissipation of the AD594/AD595 and 
the low thermal resistance of the package make self-heating 
errors almost negligible. For example, in still air the chip to 
ambient thermal resistance is about 800Clwatt (for the D package). 
At the nominal dissipation of 800 .... W the self-heating in free air 
is less than O.065°e. Submerged in fluorinert liquid (unstlrred) 
the thermal resistance is about 40°C/watt, resulting in a self-heating 
.error of about O.032°e. 
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SET-POINT CONTROLLER 
The AD5941AD595 can readily be connected as a set-point 
controller as shown in Figure 9. 

CONSTANTAN 

IIALUMELI 

I 
I 
I 
I 
I 

I ... I 

TEMPERATURE 
COMPARATOR 

I-____ ::;OUTLOW "')T<SETPOINT 

HIGH .> T > SET POINT 

ZOMn 
(OPTIONAL) 

FOR HVSTERESIS 

l~ -t_~=-_ /CHROMELII 
TEMPERATURE -'-..... ----..... --..... --
CONTROLLED 
REGION 

Figure 9. Set-Point Controller 

The thermocouple is used to sense the unknown temperature 
and provide a thermal EMF to the input of the AD5941AD595. 
The signal is cold junction compensated, amplified to IOmVI"C 
and compared to an external set-point voltage applied by the 
user to the feedback at pin 8. Table I lists the correspondence 
between set-point voltage and temperature, accounting for the 
nonlinearity of the measurement thermocouple. If the set-point 
temperature range is within the operating range ( - 55°C to 
+ 125OC) of the AD5941 AD595, the chip can be used as the 
transducer for the circuit by shorting the inputs together and 
utilizing the nominal calibration of 10m V I"C. This is the centigrade 
thermometer configuration as shown in Figure 13. 

In operation if the set-point voltage is above the voltage corres
ponding to the temperature being measured the output swings 
low to approximately zero volts. Conversely, when the temperature 
rises above the set-point voltage the output switches to the 
positive limit of about 4 volts with a + 5V supply. Figure 9 
shows the set-point comparator configuration complete with a 
heater element driver circuit being controlled by the AD5941 
AD595 toggled output. Hysteresis can be introduced by injecting 
a current into the positive input of the feedback amplifier when 
the output is toggled high. With an AD594 about 200nA into 
the + T terminal provides IOC of hysteresis. When using a 
single 5V supply with an AD594, a 20Mn resistor from Vo to 
+ T will supply the 200nA of current when the output is forced 
high (about 4V). To widen the hysteresis band decrease the 
resistance connected from Vo to + T. 

ALARM CIRCUIT 
In all applications of the AD5941AD595 the -ALM connection, 
pin 13, should be constrained so that it is not more positive 
than (V +) - 4V. This can be most easily achieved by connecting 
pin 13 to either common at pin 4 or V - at pin 7. For most 
applications that use the a1arm signal, pin 13 will be grounded 
and the signal will be taken from + ALM on pin 12. A typical 
application is shown in Figure 10. 

In this configuration the a1arm transistor will be off in normal 
operation and the 20k pull up will cause the + ALM output on 
pin 12 to go high. If one or both of the thermocouple leads are 
interrupted, the +ALM pin will be driven low. As shown in 
Figure 10 this signal is compatible with the input of a TTL gate 
which can be used as a buffer and/or inverter. 
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Figure 10. Using the Alarm to Drive a TTL Gate 
("Grounded" Emitter Configuration) 

Since the alarm is a high level output it may be used to directly 
drive an LED or other indicator as shown in Figure II. 

lOmvfc 

Figure ". Alarm Directly Drives LED 

A 270n series resistor will limit current in the LED to 10mA, ~ 
but may be omitted since the a1arm output transistor is current ... 
limired at about 20mA. The transistor, however, will operate in 
a high dissipation mode and the temperature of the circuit will 
rise well above ambient. Note that the cold junction compensation 
will be affected whenever the a1arm circuit is activated. The 
time required for the chip to return to ambient temperature will 
depend on the power dissipation of the alarm circuit, the nature 
of the thermal path to the environment and the alarm duration. 

The· alarm can be used with both single and dual supplies. It 
can be operated above or below ground. The collector and emitter 
of the output transistor can be used in any normal switch con-
figuration. As an example a negative referenced load can be 
driven from - ALM as shown in Figure 12. 

The collector ( + ALM) should not be allowed to become more 
positive than (V -) + 36V, however, it may be permitted to be 
more positive than V +. The emitter voltage ( - ALM) should 
be constrained so that it does not become more positive than 4 
volts below the V + applied to the circuit. 

Additionally, the AD594/AD595 can be configured to produce 
an extreme upscale or downscale output in applications where 
an extra signal line for an a1arm is inappropriate. By tying either 
of the thermocouple inputs to common most runaway control 
conditions can be automatically avoided. A + IN to common 
connection creates a downscale output if the thermocouple opens, 
while connecting - IN to common provides an upscale output. 
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Figure 12. -ALM Driving A Negative Referenced Load 

CELSIUS THERMOMETER 
The AD5941AD595 may be configured as a stand-alone celsius 
thermometer as shown in Figure 13. 

Figure 13. AD5941AD595 as a Stand-Alone Celsius 
Thermometer 

Simply omit the thermocouple and connect the inputs (pins I 
and 14) to common. The output now will reflect the compensation 
voltage and hence will indicate the AD5941 AD595 temperature 
with a scale factor of IOmVI"C. In this three terminal, voltage 
output, temperature sensing mode, the AD5941AD595 will 
operate over the full military - 55"C to + 125"C temperature 
range. 

THERMOCOUPLE BASICS 
Thermocouples are economical and rugged; they have reasonably 
good long-term stability. Because of their small size, they respond 
quickly and are good choices where fast response is important. 
They function over temperature ranges from cryogenics to jet
engine exhaust and have reasonable linearity and accuracy. 

Because the number of free electrons in a piece of metal depends 
on both temperature and composition of the metal, two pieces 
of dissimilar metal in isothermal contact will exhibit a potential 
difference that is a repeatable function of temperature, as shown 
in Figure 14. The resulting voltage depends on the temperatures, 
Tl and T2, in a repeatable way. 

Since the thermocouple is basically a differential rather than 
absolute measuring device, a known reference temperature is 
required for one of the junctions if the temperature of the other 
is to be inferred from the output voltage. Thermocouples made 
of specially selected materials have been exhaustively characterized 
in terms of voltage versus temperature compared to primary 
temperature standards. Most notably the water-ice point of O·C 
is used for tables of standard thermocouple performance. 
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Figure 14. Thermocouple Voltage with aoc Reference 

An alternative measurement technique, illustrated in Figure IS, 
is used in most practical applications where accuracy requirements 
do not warrant maintenance of primary standards. The reference 
junction temperature is allowed to change with the environment 
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Figure 15. Substitution of Measured Reference 
Temperature for Ice Point Reference 

of the measurement system, but it is carefully measured by 
some type of absolute thermometer. A measurement of the 
thermocouple voltage combined with a knowledge of the reference 
temperature can be used to calculate the measurement junction 
temperature. Usual practice, however, is to use a convenient 
thermoelectric method to measure the reference temperature 
and to arrange its output voltage so that it corresponds to a 
thermocouple referred to O·C. This voltage is simply added to 
the thermocouple voltage and the sum then corresponds to 
the standard voltage tabulated for an ice-point referenced 
thermocouple. 

The temperature sensitivity of silicon integrated circuit transistors 
is quite predictable and repeatable. This sensitivity is exploited 
in the AD594! AD595 to produce a temperature related voltage 
to compensate the reference or "cold" junction of a thermocouple 
as shown in Figure 16. 
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Figure 16. Connecting Isothermal Junctions 

Since the compensation is at the reference junction temperature, 
it is often convenient to form the reference "junction" by con
necting directly to the circuit wiring. So long as these connections 
and the compensation are at the same temperature no error will 
result. 
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FEATURES 
Low Cost 
Operates with Type J (AD596) or Type K (AD597) 

Thermocouples 
Built-in Ice Point Compensation 
Temperature Proportional Operation - 10mVrc 
Temperature Set-Point Operation - ONIOFF 
Programmable Switching Hysteresis 
High Impedance Differential Input 

PRODUCT DESCRIPTION 
The ADS96IADS97 is a monolithic temperature set-point con
troller which has been optimized for use at elevated temperatures 
such as those found in oven control applications. The device 
cold junction compensates and amplifies a type J or K ther
mocouple input to derive an internal signal proportional to 
temperature. The internal signal is then compared with an ex
ternally applied set-point voltage to yield a low impedance switched 
output voltage. Dead-Band or switching hysteresis can be pro
grammed using a single external resistor. Alternately, the ADS96/ 
ADS97 can be configured to provide a voltage output (IOmVI"C) 
directly from a type J or K thermocouple signal. It can also be 
used as a stand-alone voltage output temperature sensor. 

The ADS96JADS97 can be powered with a single supply from 
+ SV -to + 30V, or dual supplies up to a total span of 36V. 
Typical quiescent supply current is 160f.l.A which minimizes 
self-heating errors. 

The ADS96IADS97 H package option includes a thermocouple 
failure aJarm that indicates an open thermocouple lead when 
operated in the temperature proportional measurement mode. 
The aJarm output has a flexible format which can be used to 
drive relsys, LEDs or TTL logic. 

The device is packaged in a reliability qualified, cost effective 
IO-pin metal can, 8-pin plastic minidip or SOle and is trimmed 
to operate over an ambient temperature range from + 2Soe to 
+ lOOOC. Operation over an extended ambient temperature 
range is possible with slightly reduced accuracy. The ADS96 
will amplify thermocouple signals covering the entire - 2000 e to 
+ 7600C temperature range recommended for type J thermocouples 
while the ADS97 can accommodate - 2000e to + 12S00e type K 
inputs. 

The ADS96JADS97 has a calibration accuracy of ±4°e at an 
ambient temperature of 600C and an ambient temperature stability 
specification of o.osOCI"e from + 2SOC to + lOOOC. If higher 
accuracy, or a lower ambient operating temperature is required, 
either the ADS94 a thermocouple) or ADS9S (K thermocouple) 
should be considered. 

*Protected ..,. U.S. PateDt No. 4,019,974. 
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Thermocouple Conditioner and 
Set-Point Controller 

AD596* IAD597* I 
FUNCTIONAL BLOCK DIAGRAMS 

TO-IOO 
(H) Package 

-ALM 

8-Pin Plastic Mini-DIP (N) Package 
or SOIC (R) Package 

TOP VIEW 

PRODUCT IHGHLIGHTS 
I. The ADS96IAD597 provides cold junction compensation 

and a high gain amplifier which can be used as a set-point 
comparator. 

2. The input stage of the AD596/AD597 is a high quality in
strumentation amplifier that aJlows the thermocouple to float 
over most of the supply voltage range. 

3. Linearization not required for thermocouple temperatures 
close to 1750C (+ loooe to + 5400e for AD596). 

4. Cold junction compensation is optimized for ambient temper
atures ranging from +25OC to + lOOoe. 

5. In the stand-alone mode, the AD5961AD597 produces an 
output voltage that indicates its own temperature. 
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AD596 /AD597 SPECIFICA'TIONS (@+60·CandYs= lOY, T~e J (AD596), Type K (AD597) 
I It - It Thermocouple, unless otherwise noted) 

Model AD596AH AD597AH AD597AN/AR 
Min Typ Max Min Typ Max Min Typ Max Units 

ABSOLUTE MAXIMUM RATINGS 
+Vs to -Vs 36 36 36 Volts 
Cominon-M~ Input Voltage (-Vs -0.15) +Vs (-Vs -0.15) +Vs (-Vs -0.15) +Vs Volts 
Differential Input Voltage -Vs +Vs -Vs +Vs -Vs +Vs Volts 
AIann Voltages 

+ALM -Vs (-Vs +36) -Vs (-Vs +36) -Vs (-Vs +36) Volts 
-ALM -Vs +Vs -Vs +Vs -Vs +Vs Volts 

Operating Temperature Range -.55 +125 -55 +125 -40 +125 °C 
Output Short Circuit 10 Conunon Indefinite Indefinite Indefinite 

TEMPERATURE MEASUREMENT 
(Specified Temperature Range 
+ 25"C to + IOO"C) 

Cslibration Error' -4 +4 -4 +4 -4 +4 "C 
Stability vs. Temperature' ±0.02 ±0.05 ±0.02 ±0.05 ±0.02 ±0.05 °crc 
Gsin Error -1.5 +1.5 -1.5 +1.5 -1.5 +1.5 % 
Notninal Transfer Function 10 10 10 mVI"C 

AMPLIFIER CHARACTERISTICS 
Closed Loop Gain' 180.6 245.5 245.5 VN 
Input Offset Voltage "Cx53.21+235 "Cx41.27-37 "Cx41.27-37 fLY 
Input Bias Current 0.1 0.1 0.1 tLA 
Differential Input Range -10 +50 -10 +50 -10 +50 mV 
Comnion Mode Range (-Vs-0.15) (+Vs-4) (+Vs-0.15) (+Vs-4) (-Vs-0.15) (+Vs-4) Volts 
Conunon Mode Sensitivity-RTO 10 10 10 mVN 
Power Supply Sensitivity-RTO I 10 I 10 I 10 mVN 
Output Voltage Range 

Dual Supplies (-Vs +2.5) (+Vs-2) (-Vs +2.5) (+Vs-2) (-Vs +2.5) (+Vs-2) Volts 
Single Supply 0 (+Vs-2) 0 (+Vs-2) 0 (+Vs-2) Volts 

Usable Output Current"' ±S ±5 ±5 mA 
3dB Bandwidth IS IS IS kHz 

ALARM CHARACTERISTICS' AIann Function Not Pinned Out 

VCE(SAT) at 2mA 0.3 0.3 Volts 
Leakage Current ±1 ±1 fLA 
Operating Voltage at - ALM (+Vs-4) (+Vs-4) Volts 
Short Circuit Current 20 20 rnA 

POWER REQUIREMENTS 
Operating (+Vs to -Vs)$30 (+Vs 10 -Vs)$30 (+Vs to -V,.}$30 Volts 
Quiescent Current 

+Vs 160 300 160 300 160 300 tLA 
-Vs 100 200 100 200 100 200 tLA 

NOTES 
'This is a measure of the deviation from ideal with a measuring thermocouple junction of 175"C and a chip temperature of 60"C. The ideal transfer function is 
given by: 
AD596: VOUT = 180.57X(Vm-V.+ (ambient in °C)x53.21fLVI"C +235fLV) 
AD597: VOUT = 245.46x(Vm-V.+ (ambient in °C)x41.27fLVrC -37fLV) 
where V m and Va represent the measuring and ambient temperatures and are taken from the appropriate J or K thennocouple table. The ideal transfer function 
minimizes the error over the ambient temperature range of 25"C to IOO"C with a thermocouple temperature of approximately 175"C. 

2Defmed as the slope of the line connecting the AD5961AD597 CIC errors measured at 25"C and 100"C ambient temperature. 
'Pin 6 shorted to pin 7. 
'Current Sink Capability in single supply configuration is limited to current drawn to ground through a 501ill resistor at output voltages below 2.5V. 
'Alarm function available on H package option only. 

Specifications subject 10 change without notice. 

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

Model 

AD596AH 
AD597AH 
AD597AN' 
AD597AR2 

NOTES 

ORDERING GUIDE 

Package Description 

TO-IOO 
TO-IOO 
Plastic DIP 
sOle 

Package Optionl 

H-IOA 
H-IOA 
N-8 
R-8 

'For outline information see Package Information section. 
2Consult factory for availability. 
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AD596/AD597 
Thermocouple TypeJ ADS96 TypeK ADS97 TII_oeoup!e TypeJ ADS96 TypeK ADS97 
Temperature Voltage Output Voltage Output Tempenture Voltage Output Voltage Output 
"C mV mV mV mV "C mV mV mV mV 

- 200 - 7.890 -1370 - 5.891 -1446 500 27.388 5000 20.640 5066 
- 180 - 7.402 -1282 - 5.550 -1362 520 28.511 5203 21.493 5276 
- 160 - 6.821 -1177 - 5.141 -1262 540 29.642 5407 22.346 5485 
- 140 - 6.159 -1058 - 4.669 -1146 560 30.782 5613 23.198 5694 
- 120 - 5.426 - 925 - 4.138 -1016 580 31.933 5821 24.050 5903 

- 100 - 4.632 - 782 - 3.553 - 872 600 33.096 6031 24.902 6112 
- 80 - 3.785 - 629 - 2.920 - 717 620 34.273 6243 25.751 6321 
- 60 - 2.892 - 468 - 2.243 - 551 640 35.464 6458 26.599 6529 
- 40 - 1.960 - 299 - 1.527 - 375 660 36.671 6676 27.445 6737 
- 20 - .995 - 125 - .777 - 191 680 37.893 6897 28.288 6944 

- 10 - .501 - 36 - .392 - 96 700 39.130 7120 29.128 7150 
0 0 54 0 0 720 40.382 7346 29.965 7355 

10 .507 146 .397 97 740 41.647 7575 30.799 7560 
20 1.019 238 .798 196 750 42.283 7689 31.214 7662 
25 1.277 285 1.000 245 760 - - 31.629 7764 

30 1.536 332 1.203 295 780 - - 32.455 7966 
40 2.058 426 1.611 395 800 - - 33.277 8168 
50 2.585 521 2.022 496 820 - - 34.095 8369 
60 3.115 617 2.436 598 840 - - 34.909 8569 
80 4.186 810 3.266 802 860 - - 35.718 8767 

100 5.268 1006 4.095 1005 880 - - 36.524 8965 
120 6.359 1203 4.919 1207 900 - - 37.325 9162 
140 7.457 1401 5.733 1407 920 - - 38.122 9357 
160 8.560 1600 6.539 1605 940 - - 38.915 9552 
180 9.667 1800 7.338 1801 960 - - 39.703 9745 

200 10.777 2000 8.137 1997 980 - - 40.488 9938 
220 11.887 2201 8.938 2194 1000 - - 41.269 10130 
240 12.998 2401 9.745 2392 1020 - - 42.045 10320 
260 14.108 2602 10.560 2592 1040 - - 42.817 10510 
280 15.217 2802 11.381 2794 1060 - - 43.585 10698 

300 16.325 3002 12.207 2996 1080 - - 44.439 10908 
320 17.432 3202 13.039 3201 1100 - - 45.108 11072 
340 18.537 3402 13.874 3406 1120 - - 45.863 11258 
360 19.640 3601 14.712 3611 1140 - - 46.612 11441 
380 20.743 3800 15.552 3817 1160 - - 47.356 11624 

400 21.846 3999 16.395 4024 1180 - - 48.095 11805 
420 22.949 4198 17.241 4232 1200 - - 48.828 11985 
440 24.054 4398 18.088 4440 1220 - - 49.555 12164 
460 25.161 4598 18.938 4649 1240 - - 50.276 12341 
480 26.272 4798 19.788 4857 1250 - - 50.633 12428 

Table I. Output Voltage vs. Thermoc'>uple Temperature (Ambient +60°C, Vs = -5V, + 15V) 

TEMPERATURE PROPORTIONAL OUTPUT MODE 
The AD5961AD597 can be used to generate a temperature pro
portional output of IOmvrc when operated with J and K type 
thermocouples as shown in Figure 1. Thermocouples produce 
low level output voltages which are a function of both the tem
perature being measured and the reference or cold junction 
temperature. The AD596/AD597 compensates for the cold junc
tion temperature and amplifies the thermocouple signal to produce 
a high levellOmVrc voltage output which is a function only of 
the temperature being measured. The temperature stability of 
the part indicates the sensitivity of the output voltage to changes 
in ambient or device temperatures. This is typically 0.02°crc 
over the + 25°C to + lOOOC recommended ambient temperature 
range. The parts will operate over the extended ambient tem
perature ranges from - 550C to + 125°C, but thermocouple 
nonlinearity at the reference junction will degrade the temperature 
stability over this extended range. Table I is a list of ideal AD5961 
AD597 output voltages as a function of Celsius temperature for 
type J and K ANSI standard thermocouples with package and 
reference junction at 6O"C. As is normally the case, these outputs 
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Figure 1. Temperature Proportional Output Connection 

are subject to calibration and temperature sensitivity errors. 
These tables are derived using the ideal transfer functions: 

AD596 output = (Type J voltage +301.5j.LV) x 180.57 
AD597 output = (Type K voltage) x 245.46 

The offsets and gains of these devices have been laser trintmed 
to closely approximate thermocouple cltaracteristics over meas
urement temperature ranges centered around 175°C with the 
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AD596/AD597 
ADS96IADS97 at an ambient temperature between 2S"C and 
lOO"C. This eliminates the need for additional gain or offset 
adjustments to make the output voltage read: 

VOUT = IOmVrc x (thermocouple temperature in "C) 
(within specified tolerances). 

Excluding calibration errors, the above transfer function is accurate 
to within 1"C from + 8O"C to + SSO"C for the ADS96 and - 2O"C 
to + 3SO"C for the ADS97. The different temperature ranges are 
due to the differences in J and K type thermocouple curves. 

European DIN FE-CuNi thermocouple vary slightly from ANSI 
type J thermocouples. Table I does not apply when these types 
of thermocouples are used. The transfer functions given previously 
and a thermocouple table should be used instead. 

Figure I also shows an optional trimming network which can be 
used to change the device's offset voltage. Injecting or sinking 
200nA from Pin 3 will offset the output aproximately IOmV 
(I"C). 

The ADS96IADS97 can operate from a single supply from SV to 
36Vor from split supplies totalling 36V or less as shown. Since 
the output can only swing to within 2V of the positive supply, 
the usable measurement temperature range will be restricted 
when positive supplies less than ISV for the ADS97 and IOV for 
the ADS96 are used. If the ADS96IADS97 is to be used to 
indicate negative Celsius temperatures, then a negative supply is 
required. 

Common-mode voltages on the thermocouple inputs must remain 
within the common-mode voltage range of the ADS96IADS97, 
with a return path provided for the bias currents. If the ther
mocouple is not remotely grounded, then the dotted line connection 
shown in Figure I must be made to one of the thermocouple 
inputs. If there is no return path for the bias currents, the input 
stage will saturate, causing erroneous output voltages. 

In this configuration, the ADS961 AD597 H package option has 
circuitry which detects the presence of an open thermocouple. If 
the thermocouple loop becomes open, one or both of the inputs 
to the device will be deprived of bias current causing the output 
to saturate. It is this saturation which is detected internally and 
used to activate the alarm circuitry. The output of this feature 
has a flexible format which can be used to source or sink up to 
20rnA of current. The collector ( + ALM) should not be allowed 
to become more positive than ( - V s + 36V), however, it may be 
permitted to be more positive than + V s. The emitter voltage 
( - ALM) should be constrained such that it does not become 
more positive than 4 V below + V s. If the alarm feature is not 
used, this pin should be connected to Pins 4 or 5 as shown in 
Figure 1. The alarm function is unavailable on the AN/AR 
package option. 

SET-POINT CONTROL MODE 
The AD596/AD597 can be connected as a set-point controller as 
shown in Figure 2. The thermocouple voltage is cold junction 
compensated, amplified, and compared to an external set-point 
voltage. The relationship between set-point voltage and temper
ature is given in Table I. If the temperature to be controlled is 
within the operating range ( - 55°C to + 125°C) of the device, it 
can monitor its own temperature by shorting the inputs to ground. 
The set-point voltage with the thermocouple inputs grounded is 
given by the expressions: 

ADS96 Set-Point Voltage = "C x 9.6mVrC +42mV 
ADS97 Set-Point Voltage = °C x lO.lmVrC -9.1mV 
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The input impedance of the set-point pin of the ADS96IADS97 
is approximately SOkO. The temperature coefficient of this 
resistance is ± lSppml"C. Therefore, the lOOppmI"C SkO pot 
shown in Figure 2 will only introduce an additional ± 1°C de
gradation of temperature stability over the + 25°C to + lOO"C 
ambient temperature range. 
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Figure 2. Set-Point Control Mode 

Switching hysteresis is often used in set -point systems of this 
type to provide noise inuuunity and increase system reliability. 
By reducing the frequency of on-off cycling, mechanical compo
nent wear is reduced leading to enhanced system reliability. 
This can easily be implemented with a single external resistor 
between Pins 7 and 3 of the ADS96IADS97. Each 200nA of 
current injected into Pin 3 when the output switches will cause 

about 1°C of hysteresis I; that is: RHYST (0) = 2VOOOUTA x o--Cl . 
n HYST 

In the set-point configuration, the AD5961 AD597 output is 
saturated at all times, so the alarm transistor will be ON regardless 
of whether there is an open circuit or not. However, -ALM 
must be tied to a voltage below ( + V s - 4V) for proper operation 
of the rest of the circuit. 

STAND-ALONE TEMPERATURE TRANSDUCER 
The ADS96/ADS97 may be conftgured as a stand-alone Celsius 
thermometer as shown in Figure 3. 

-v. 

Figure 3. Stand-Alone Temperature Transducer 
Temperature Proportional Output Connection 

Simply omit the thermocouple and connect the inputs (Pins 1 
and 2) to common. The output will now reflect the compensation 
voltage and hence will indicate the ADS96IADS97 temperature. 
In this three terminal, voltage output, temperature sensing 
mode, the ADS96IADS97 will operate over the full extended 
- 55°C to + 125°C temperature range. The output scaling will be 
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9.6mV per "C with the AD596 and 10.lmV per "C with the 
AD597. Additionally there will be a 42m V offset with the AD596 
causing it to read slightly high when used in this mode. 

THERMOCOUPLE CONNECTIONS 
The connection of the thermocouple wire and the normal wire 
or printed circuit board traces going to the AD5961 AD597 forms 
an effective reference junction as shown in Figure 4. This junction 
must be kept at the same temperature as the AD596/AD597 for 
the internal cold junction compensation to work properly. U Diess 
the AD5961AD597 is in a thermally stable enclosure, the ther
mocouple leads should be brought in directly to Pins I and 2. 

REFERENCE JUNCTION 

A BIAS RETURN PATH 
FROM PINS , AND 2 
OF LESS THAN 'IIU 
IMPeDANCE MUST BE 
PROVIDeD. 

GND -Vs 

-H PACKAGE PINOUT SHOWN 

Figure 4. PCB Connections 

To ensure secure bonding, the thermocouple wire should be 
cleaned to remove oxidization prior to soldering. Noncorrosive 
resin flux is effective with iron, constantan, chromel, 'and alumel, 
and the following solders: 95% tin-5% silver, or 90% tin-IOO/o 
lead. 

SINGLE AND DUAL SUPPLY CONNECTIONS 
In the single supply configuration as used in the set -point controller 
of Figure 2, any convenient voltage from + 5V to + 36V may be 
used, with self-heating errors being minimized at lower supply 
levels. In this configuration, the - V s connection at Pin 5 is tied 
to ground. Temperatures below zero can be accommodated in 
the single supply set-point mode, but not in the single supply 
temperature measuring mode (Figure I reconnected for single 
supply). Temperatures below zero can only be indicated by a 
negative output voltage, which is impossible in the single supply 
mode. 

Common-mode voltages on the thermocouple inputs must remain 
below the positive supply, and not more than 0.15V more negative 
than the minus supply. In addition, a return path for the input 
bias currents must be provided. If the thermocouple is not 
remotely grounded, then the dotted line connections in Figures 
I and 2 are mandatory. 

STABILITY OVER TEMPERATURE 
The ADS96IADS97 is specifted for a maximum error of ±4"C 
at an ambient temperature of 6O"C and a measuring junction 
temperature at 17S"C. The ambient temperature stability is 
specifted to be a maximum of O.OS"CI"C. In other words, for 
every degree change in the ambient temperature, the output will 
change no more than O.OS degrees. So, at 2S"C the maximum 
deviation from the temperature-voltage characteristic of Table I 
is ±S.75"C, and at lOO"C it is ±6"C maximum (see Figure S). 
If the offset error of ± 4"C is removed with a single offset ad-

REV. A 

AD596/AD597 
justment, these errors will be be reduced to ± 1. 7S"C and ± 2"C 
max. The optional trim circuit shown in Figure I demonstrates 
how the ambient offset error can be adjusted to zero. 

+2.O"C ----------_____ _ 

+t.7s"C 

+D.rc~~~~~ 
.~ -D.re I 

MAXIMUM I 
I 
I 
I 

-1.75"C I 
~~ -------T--------~ 

25"C 6O"C 10crc 

Figure 5. Drift Error vs. Temperature 

THERMAL ENVIRONMENTAL EFFECTS 
The inherent low power dissipation of the ADS96IAD597 keeps 
self-heating errors to a minimum. However, device output is 
capable of delivering ± SmA to an external load and the alarm 
circuitry can supply up to 20mA. Since the typical junction to 
ambient thermal resistance in free air is 150"C1W, significant 
temperature difference between the package pins (where the 
reference junction is located) and the chip (where the cold junction 
temperature is measured and then compensated) can exist when 
the device is operated in a high dissipation mode. These tem
perature differences will result in a direct error at the output. In 
the temperature proportional mode, the alarm feature will only 
activate in the event of an open thermocouple or system transient 
which causes the device output to saturate. Self-Heating errors 
will not effect the operation of the alarm but two cases do need 
to be considered. First, after a fault is corrected and the alarm 
is reset, the ADS96IADS97 must be allowed to cool before readings • 
can again be accurate. This can take S minutes or more depending 
upon the thermal environment seen by the device. Second, the 
junction temperature of the part should not be allowed to exceed 
ISO"C. If the alarm circuit of the ADS96IADS97 is made to 
source or sink 20mA with 30V across it, the junction temperature 
will be 9O"C above ambient causing the die temperature to exceed 
150"C when ambient is above 6O"C. In this case, either the load 
must be reduced, or a heat sink used to lower the thermal 
resistance. 

TEMPERATURE READOUT AND CONTROL 
Figure 6 shows a complete temperature indication and control 
system based on the AD5961AD597. Here the ADS96IADS97 is 
being used as a closed-loop thermocouple signal conditioner and 
an external op-amp is used to implement set point. This has two 
important advantages. It provides a high level (IOmVI"C) output 
for the AID panel meter and also preserves the alarm function 
for open thermocouples. 

The AID panel meter can easily be offset and scaled as shown to 
read directly in degrees Fahrenheit. If a two temperature cali
bration scheme is used, the dominant residual errors will arise 
from two sources; the ambient temperature rejection (typically 
± 2"C over a 2S"C to lOO"C range) and thermocouple nonlinearity 
typical + I"C from 8O"C to SSO"C for type J and + I"C from 
- 2O"C to 3SO"C for type K. 

An external voltage reference is used both to increase the stability 
of the AID converter and supply a stable reference for the set-point 
voltage. 
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AD596/AD597 
A traditional requirement for the design of set-point control 
thermocouple systems has been to conflgure the system such 
that the appropriate action is taken in the event of an open . 
thermocouple. The open thermocouple alarm pin with its flexible 
current-limited output format supPorts this function when the 
part operates in the temperature proportional mode. In addition, 
if the thermocouple is not remotely grounded, it is possible to 
program the device for either a positive or negative full scale 
output in the event of an open thermocouple. This is done by 
connecting the bias return resistor directly to Pin I if a high 
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I 
I 
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I 
L_ 
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HEATER I 
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output voltage is desired to indicate a fault condition. Alternately, 
if the bias return is provided on the thermocouple lead connected 
to Pin 2, an open circuit will result in an output low reading. 
Figure 6 shows the ground return connected to Pin I so that if 
the thermocouple fails, the heater will remain off. At the same 
time, the alarm circuit lights the LED signalling the need to 
service the thermocouple. Grounding Pin 2 would lead to low 
output voltage saturation, and in this circuit would result ina 
potentially dangerous thermal runaway under fault conditions. 

ICL7136 

IN LO 

1tH PACKAGE PINOUT SHOWN 

584j~---'---\--<""""''''''--I REF HI 

REFLO 

,k 

s:IJ8~r ~..y.~H 
5kD 

120Vac 

Figure 6. Temperature Measurement and Control 
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IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Single Chip Solution. Contains Internal Oscillator and 

Voltage Reference 
No Adjustments Required 
Insensitive to Transducer Null Voltage 
Insensitive to Primary to Secondary Phase Shifts 
DC Output Proportional to Position 
20 Hz to 20 kHz Frequency Range 
Single or Dual Supply Operation 
Unipolar or Bipolar Output 
Will Operate a Remote LVDT at Up to 300 Feet 
Position Output Can Drive Up to 1000 Feet of Cable 
Will Also Interface to an RVDT 
Outstanding Performance 

Linearity: 0.05% of FS max 
Output Voltage: ±11 V min 
Gain Drift: 50 ppm/oC of FS max 
Offset Drift: 50 ppm/oC of FS max 

PRODUCT DESCRIPTION 
The AD598 is a complete, monolithic Linear Variable Differen
tial Transformer (LVDT) signal conditioning subsystem. It is 
used in conjunction with L VDTs to convert transducer mechan
ical position to a unipolar or bipolar dc voltage with a high de
gree of accuracy and repeatability. All circuit functions are 
included on the chip. With the addition of a few external pas
sive components to set frequency and gain, the AD598 converts 
the raw L VDT secondary output to a scaled dc signal. The de
vice can also be used with RVDT transducers. 

The AD598 contains a low distortion sine wave oscillator to 
drive the L VDT primary. The L VDT secondary output consists 
of two sine waves that drive the AD598 directly. The AD598 
operates upon the two signals, dividing their difference by their 
sum, producing a scaled unipolar or bipolar dc output. 

The AD598 uses a unique ratiometric architecture (patent pend
ing) to eliminate several of the disadvantages associated with 
traditional approaches to LVDT interfacing. The benefits of this 
new circuit are: no adjustments are necessary, transformer null 
voltage and primary to secondary phase shift does not affect sys
tem accuracy, temperature stability is improved, and transducer 
interchangeinterchangeabilityability is improved. 

The AD598 is available in two performance grades: 

Grade 

AD598JR 
AD598AD 

Temperature Range 

o to +70°C 
-40°C to +85°C 

Package 

20-Pin Small Outline (SOIC) 
20-Pin Ceramic DIP 

It is also available processed to MIL-STD-883B, for the military 
range of - 55°C to + 125°C. 

REV. A 

LVDT Signal 
Conditioner 

AD598 
FUNCTIONAL BLOCK DIAGRAM 

EXCITATION (CARRIER) 

PRODUCT HIGHLIGHTS 
1. The AD598 offers a monolithic solution to L VDT and 

RVDT signal conditioning problems; few extra passive com
ponents are required to complete the conversion from me
chanical position to dc voltage and no adjustments are 
required. 

2. The AD598 can be used with many different types of 
L VDTs because the circuit accommodates a wide range of 
input and output voltages and frequencies; the AD598 can 
drive an L VDT primary with up to 24 V rms and accept sec-
ondary input levels as low as 100 mV rms. ~ 

3. The 20 Hz to 20 kHz LVDT excitation frequency is deter- .. 
mined by a single external capacitor. The AD598 input signal 
need not be synchronous with the LVDT primary drive. 
This means that an external primary excitation, such as the 
400 Hz power mains in aircraft, can be used. 

4. The AD598 uses a ratiometric decoding scheme such that 
primary to secondary phase shifts and transducer null voltage 
have absolutely no effect on overall circuit performance. 

5. Multiple LVDTs can be driven by a single AD598, either in 
series or parallel as long as power dissipation limits are not 
exceeded. The excitation output is thermally protected. 

6. The AD598 may be used in telemetry applications or in hos
tile environments where the interface electronics may be re
mote from the LVDT. The AD598 can drive an LVDT at 
the end of 300 feet of cable, since the circuit is not affected 
by phase shifts or absolute signal magnitudes. The position 
output can drive as much as 1000 feet of cable. 

7. The AD598 may be used as a loop integrator in the design of 
simple electromechanical servo loops. 
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AD 5.98 SPECIFIC.'JIONS (typical @ +~5°C and ±15 ~ dc, Cl = 0.015 ",F, R2 = 80 kG, RL = 2 kG, 
- It unless otherwise noted. See Figure 7.) 

AD598J ADS98A 
Model Min Typ Max Min Typ Max Unit 

TRANSFER FUNCTIOW VOUT = 
VA-VB 

X 5oo!lA x R2 V 
VA+VB 

OVERALL ERROR' 
Tmin to Tmax 0.6 2.35 0.6 1.65 % ofFS 

SIGNAL OUTPUT CHARACTERISTICS 
Output Voltage Range (T min to T max) ±ll ±ll V 
Output Current (T min to T max) 8 6 mA 
Short Circuit Current 20 20 mA 
Nonlinearity' (T min to T max) 75 ±500 75 ±SOO ppm ofFS 
Gain Error· 0.4 ±I 0.4 ±I % ofFS 
Gain Drift 20 ±IOO 20 ±SO ppmfCofFS 
OffsetS 0.3 ±I 0.3 ±I %ofFS 
Offset Drift 7 ±200 7 ±SO ppmfCofFS 
Excitation Voltage Rejection" 100 100 ppm/dB 
Power Supply Rejection (±12 V to ±18 V) 

PSRR Gain (T min to T max) 300 100 400 100 ppm/V 
PSRR Offset (T min to T max) 100 15 200 15 ppm/V 

Common Mode Rejection (± 3 V) 
CMRR Gain (T min to T max) 100 25 200 25 ppm/V 
CMRR Offset (T min to T ma.) 100 6 200 6 ppm/V 
Output Ripple7 4 4 mVrms 

EXCITATION OUTPUT CHARACTERISTICS (@ 2.5 kHz) 
Excitation Voltage Range 2.1 24 2.1 24 Vrms 
Excitation Voltage 

(Rl = Open)" 1.2 2.1 1.2 2.1 Vrms 
(Rl = 12.7 k!l)" 2.6 4.1 2.6 4.1 Vrms 
(Rl = 4870)" 14 20 14 20 V rms 

Excitation Voltage TC9 600 600 ppmfC 
Output Current 30 30 mArms 

Tmin to Tmax 12 12 mArms 
Short Circuit Current 60 60 mA 
DC Offset Voltage (Differential, Rl = 12.7 k!l) 

Tmin to Tmax 30 ±IOO 30 :!::l00 mV 
Frequency 20 20k 20 20k Hz 
Frequency TC, (RI = 12.7 k!l) 200 200 ppmfC 
Total Harmonic Distortion -50 -50 dB 

SIGNAL INPUT CHARACTERISTICS 
Signal Voltage 0.1 3.5 0.1 3.5 V rms 
Input Impedance 200 200 kO 
Input Bias Current (AIN and BIN) 1 5 I 5 I1A 
Signal Reference Bias Current 2 10 2 10 I1A 
Excitation Frequency 0 20 0 20 kHz 

POWER SUPPLY REQUIREMENTS 
Operating Range 13 36 13 36 V 
Dual Supply Operation (± 10 V Output) ±13 ±13 V 
Single Supply Operation 

o to + 10 V Output 17.5 17.5 V 
o to -10 V Output 17.5 17.5 V 

Current (No Load at Signal and Excitation Outputs) 12 IS 12 IS mA 
Tmin to Tmax 16 18 mA 

TEMPERATURE RANGE 
JR (SOIC) 0 70 °C 
AD (DIP) -40 +85 °C 

PACKAGE OPTION1O 

SOIC (R-20) AD598JR 
Side Brazed DIP (D-20) AD598AD 
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AD598 
NOTES 
IVA and VB represent the Mean Average Deviation (MAD) of the detected sine waves. Note that for this Transfer Function to linearly represent positive dis
placement, the sum of VA and VB of the LVDT must remain constant with stroke length. See "Theory of Operation." Also see Figures 7 and 12 for R2. 

2Prom Trnin to Tmax the overaJl error due to the AD598 alone is determined by combining gain error, gain drift and offset drift. For example, the worst case 
overall error for the ADS98AD from T min to T max is calculated as follows: overall error = gain error at + 25°C (:t 1 % full scale) + gain drift from -40°C to 

+25°C (50 ppml"C ofFS x +65°C) + offset drift from -40°C to +25°C (50 ppml°C ofFSx 65°C) = ±1.65% of full scale. Note that 1000 ppm offull scale 
equals 0.1 % of full scale. Full scale is defined as the voltage difference between the maximum positive and maximum negative output. 

3Nonlinearity of the AD598 only, in units of ppm of full scale. Nonlinearity is defined as the maximum measured deviation of the AD598 output voltage from 
a straight line. The straight line is determined by connecting the maximum produced full-scale negative voltage with the maximum produced full-scale positive 
voltage. 

4See Transfer Function. 
'This offset refers to the (VA -VB)/(V A +V.) input. spanning a full-scale range of ±I. [For (VA -VB)/(V A +VB) to equal +1, VB must equal zero volts; and corre
spondingly for (VA - V B)/(V A + VB) to equal -}, V A must equal zero volts. Note that offset errors do not allow accurate use of zero magnitude inputs; practical 
inputs are limited to 100 mV rms.] The ± 1 span is a convenient reference point to define offset referred to input. For example, with this input span a value of 
R2 = 20 kD would give VOUT span a value of ±IO volts. Caution, most LVDTs will typically exercise less of the (VA-VB)/(VA+V.) input span and thus 
require a larger value of R2 to produce the ± 10 V output span. In this case the offset is correspondingly magnified when referred to the output voltage. For 
example, a Schaevitz EIOO LVDT requires 80.2 kD for R2 to produce a ±1O.69 V output and (VA-V.)/(VA+V.) equals 0.27. This ratio may be determined 
from the graph shown in Figure 18, (VA-V.)/(VA+V.) = (1.71 V rms-0.99 V rms)/(1.71 V rms+0.99 V rms). The maximum offset value referred to the 
± 10.69 V output may be determined by multiplying the maximum value shown in the data sheet (± 1% of FS by 110.27 which equals ± 3.7% maximum. Simi
larly, to determine the maximum values of offset drift, offset CMRR and offset PSRR when referred to the :t: 10.69 V output, these data sheet values should 
also be multiplied by (110.27). For this example, for the AD598AD the maximum values of offset drift, PSRR offset and CMRR offset would be: 185 ppml"C 
of FS; 741 ppmN and 741 ppmN respectively when referred to the ± 10.69 V output. 

6Por example, if the excitation to the primary changes by 1 dB, the gain of the system will change by typically 100 ppm. 
'Output ripple is a function of the AD598 bandwidth determined by C2, C3 and C4. See Figures 16 and 17. 
SRI is shown in Figures 7 and 12. 
9Excitation voltage drift is not an important specification because of the ratiometric operation of the AD598. 

lOFor outline information see Package Information section. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tested are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

THERMAL CHARACTERISTICS 

SOIC Package 
Side Brazed Package 

°Je 

22°CfW 
2SoCIW 

°JA 

80°CIW 
8SoCfW 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage + V s to -V s ......... 36 V 
Storage Temperature Range 

R Package ..................... -65°C to + 150°C 
D Package ..................... -65°C to + 150°C 

Operating Temperature Range 
ADS98JR .......................... 0 to + 70°C 
AD598AD ...................... -40°C to +8SoC 

Lead Temperature Range (Soldering 60 Seconds) .... + 300°C 
Power Dissipation Up to +6SoC ................ 1.2 W 
Derates Above +6SoC .................... 12 mWrC 

REV_A 

CONNECTION DIAGRAM 

Plastic SOiC (R) Package 
and 

Side Brazed Ceramic DIP (D) Package 
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A0598-Typical Characteristics (at +25°C and Vs = :t:15V, unless otllelWise noted) 
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Figure 1. Gain and Offset PSRR VB. Temperature 
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Figure 3. Gain and Offset CMRR VB. Temperature 
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THEORY OF OPERATION 
A block diagram of the AD598 along with an L VDT (Linear 
Variable Differential Transformer) connected to its input is 
shown in Figure 5. The LVDT is an electromechanical trans
ducer whose input is the mechanical displacement of a core and 
whose output is a pair of ac voltages proportional to core posi
tion. The transducer consists of a primary winding energized by 
an external sine wave reference source, two secondary windings 
connected in series, and the moveable core to couple flux 
between the primary and secondary windings. 

EXCITATION (CARRIER) 

Your 

Figure 5. AD598 Functional Block Diagram 

The AD598 energizes the L VDT primary, senses the L VDT 
secondary output voltages and produces a de output voltage pro
portional to core position. The AD598 consists of a sine wave 
oscillator and power amplifier to drive the primary, a decoder 
which determines the ratio of the difference between the L VDT 
secondary voltages divided by their sum, a filter and an output 
amplifier. 

The oscillator comprises a multivibrator which produces a tri
wave output. The triwave drives a sine shaper, which produces 
a low distortion sine wave whose frequency is determined by a 
single capacitor. Output frequency can range from 20 Hz to 
20 kHz and amplitude from 2 V rms to 24 V rms. Total har
monic distortion is typically - 50 dB. 

The output from the L VDT secondaries consists of a pair of 
sine waves whose amplitude difference, (V A-VB)' is proportional 
to core position. Previous L VDT conditioners synchronously 

AD598 
detect this amplitude difference and convert its absolute value to 
a voltage proportional to position. This technique uses the pri
mary excitation voltage as a phase reference to determine the 
polarity of the output voltage. There are a number of problems 
associated with this technique such as (1) producing a constant 
amplitude, constant frequency excitation signal, (2) compensat
ing for LVDT primary to secondary phase shifts, and (3) com
pensating for these shifts as a function of temperature and 
frequency. 

The AD598 eliminates all of these problems. The AD598 does 
not require a constant amplitude because it works on the ratio of 
the difference and sum of the L VDT output signals. A constant 
frequency signal is not necessary because the inputs are rectified 
and only the sine wave carrier magnitude is processed. There is 
no sensitivity to phase shift between the primary excitation and 
the L VDT outputs because synchronous detection is not 
employed. The ratiometric principle upon which the AD598 
operates requires that the sum of the L VDT secondary voltages 
remains constant with LVDT stroke length. Although LVDT 
manufacturers generally do not specify the relationship between 
VA + VB and stroke length, it is recognized that some LVDTs do 
not meet this requirement. In these cases a nonlinearity will 
result. However, the majority of available L VDTs do in fact 
meet these requirements. 

The AD598 utilizes a special decoder circuit. Referring to the 
block diagram and Figure 6 below, an implicit analog comput
ing loop is employed. After rectification, the A and B signals are 
mUltiplied by complementary duty cycle signals, d and (I-d) 
respectively. The difference of these processed signals is inte
grated and sampled by a comparator. It is the output of this 
comparator that defines the original duty cycle, d, which is fed 
back to the multipliers. 

As shown in Figure 6, the input to the integrator is [(A+B)d)- &I 
B. Since the integrator input is forced to 0, the duty cycle I 
d = B/(A+B). 

The output comparator which produces d = B/(A + B) also con
trols an output amplifier driven by a reference current. Duty 
cycle signals d and (I-d) perform separate modulations on the 
reference current as shown in Figure 6, which are summed. The 
summed current, which is the output current, is IREF x (1- 2d). 

Figure 6. Block Diagram of Decoder 
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AD598 
Since d = B/(A + B), by substitution the output current equals 
IREF x (A - B)/(A + B). This output current is then filtered and 
converted to a voltage since it is forced to flow through the scal
ing resistor R2 such that: 

VOUT = IREF x (A-B)/IA+B) x R2 

CONNECTING THE AD598 
The AD598 can easily be connected for dual or single supply 
operation as shown in Figures 7 and 12. The following general 
design procedures demonstrate how external component values 
are selected and can be used for any L VDT which meets ADS98 
input/output criteria. 

Parameters which are set with external passive components 
include: excitation frequency and amplitude, ADS98 system 
bandwidth, and the scale factor (V/inch). Additionally, there are 
optional features, offset null adjustment, filtering, and signal 
integration which can be used by adding external components. 

DESIGN PROCEDURE 
DUAL SUPPLY OPERATION 

Figure 7 shows the connection method with dual ±lS volt 
power supplies and a Schaevitz EIOO LVDT. This design proce
dure can be used to select component values for other L VDTs 
as well. The procedure is outlined in Steps 1 through 10 as 
follows: 

1. Determine the mechanical bandwidth required for L VDT 
position measurement subsystem, fSUBSYSTEM' For this 
example, assume fSUBSYSTEM = 250 Hz. 

2. Select minimum LVDT excitation frequency, approximately 
10 x fSUBSYSTEM' Therefore, let excitation frequency = 
2.5 kHz. 

3. Select a suitable LVDT that will operate with an excitation 
frequency of 2.5 kHz. The Schaevitz ElOO, for instance, 
will operate over a range of SO Hz to 10 kHz and is an eligi
ble candidate for this example. 

4. Determine the sum of L VDT secondary voltages V A and 
VB' Energize the LVDT at its typical drive level VPR1 as 
shown in the manufacturer's data sheet (3 V rms for the 
ElOO). Set the core displacement to its center position 
where VA = VB' Measure these values and compute their 
sum VA +VB. For the ElOO, VA +VB = 2.70 V rms. This 
calculation will be used later in determining ADS98 output 
voltage. 

S. Determine optimum LVDT excitation voltage, VEXC' With 
the L VDT energized at its typical drive level V PRI' set the 
core displacement to its mechanical full-scale position and 
measure the output V SEC of whichever secondary produces 
the largest signal. Compute L VDT voltage transformation 
ratio, VTR. 

VTR = V PR11V SEC 

For the ElOO, VSEC = l.7l V rms for VPR1 = 3 V rms. 
VTR = l.7S 

The ADS98 signal input, V SEC' should be in the range of 
1 V rms to 3.5 V rms for maximum ADS98 linearity and 
minimum noise susceptibility. Select VSEC = 3 V rms. 
Therefore, L VDT excitation voltage V EXC should be: 

VEXC = VSEC x VTR = 3 x l.75 = 5.25 Vnns 

Check the power supply voltages by verifying that the peak 
values of V A and VB are at least 2.5 volts less than the volt
ages at +Vs and -Vs. 

6. Referring to Figure 7, for Vs = ±lS V, select the value of 
the amplitude determining component Rl as shown by the 
curve in Figure 8. 

7. Select excitation frequency determining component Cl. 

Cl = 35 JLF Hz/fEXCITATION 

8. C2, C3 and C4 are a function of the desired bandwidth of 
the ADS98 position measurement subsystem. They should 
be nominally equal values. 

+15rV ____________________________ ~~~----, 

-15V 

~ NOTE 
FOR C1, C2, C3 AND C4 MYLAR 

V. CAPACITORS ARE 
SCHAEVITZ E1oo'=----------------------....J RECOMMENDED. CERAMIC 

LVDT CAPACITORS MAY BE 
SUBSTITUTED. FOR R2, R3 AND 
R4 USE STANDARD 1% 
RESISTORS. 

Figure 7. Interconnection Diagram for Dual Supply Operation 
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Figure 8. Excitation Voltage VEXC vs. R1 

C2 = C3 = C4 = 10- 4 Farad Hzl!sUBSYSTEM (Hz) 

If the desired system bandwidth is 250 Hz, then 

C2 = C3 = C4 = 10- 4 Farad Hzl250 Hz = 0.4 fl.F 
See Figures 13, 14 and 15 for more information about 
AD598 bandwidth and phase characterization. 

9. In order to Compute R2, which sets the AD598 gain or full
scale output range, several pieces of information are needed: 

a. L VDT sensitivity, S 

b. Full-scale core displacement, d 

c. Ratio of manufacturer recommended primary drive level, 
VPRI> to (VA + VB) computed in Step 4. 

LVDT sensitivity is listed in the LVDT manufacturer's 
catalog and has units of millivolts output per volts input 
per inch displacement. The Eloo has a sensitivity of 
2.4 mVNlmil. In the event that LVDT sensitivity is not 
given by the manufacturer, it can be computed. See section 
on Determining L VDT Sensitivity. 

For a full-scale displacement of d inches, voltage out of the 
AD598 is computed as 

Your = S x [(VAV:R~B)] x 5oo..,A x R2 x d. 

V OUT is measured with respect to the signal reference, 
Pin 17 shown in Figure 7. 

Solving for R2, 

R2 = Vour x (VA + VB) 
S x VPRI X 500..,A x d 

Note that V PRI is the same signal level used in Step 4 to 
determine (V A + VB) 

For VOUT = 20 V full-scale range (±10 V) and d = 0.2 
inch full-scale displacement (±O.I inch), 

20 V x 2.70 V 
R2 = 2.4 x 3 x 500..,A x 0.2 = 75.3 kO 

(1) 

V OUT as a function of displacement for the above example 
is shown in Figure 9. 

REV. A 

VOUT (VOLTS) 

+10 

AD598 

Figure 9. VOUT (:t:10 V Full Scale) 
vs. Core Displacement (::to. 1 Inch) 

10. Selections of R3 and R4 permit a positive or negative output 
voltage offset adjustment. 

V -I 2 V x R2 x ( I _ I ) (2) 
OS - • R3 + 5 kO* R4 + 5 kO* 

*These values have a ±20% tolerance. 

For no offset adjustment R3 and R4 should be open circuit. 

To design a circuit producing a 0 to + 10 V output for a 
displacement of ±O.I inch, set VOUT to + 10 V, d = 0.2 
inch and solve Equation (1) for R2. 

R2 = 37.6 kO 

This will produce a response shown in Figure 10. 

VOUT (VOLTS) 

itl +5T~0,! 
~d(INCHES) 

Figure 10. VOUT (::t5 V Full Scale) 
vs. Core Displacement (::to. 1 Inch) 

In Equation (2) set Vos = 5 V and solve for R3 and R4. 
Since a positive offset is desired, let R4 be open circuit. 

Rearranging Equation (2) and solving for R3 

1.2 x R2 
R3 = --- -5 kO = 4.02 kO 

Vos 
Figure II shows the desired response. 

-0.1 

VOUT (VOLTS) 

+10 

Figure 11. VOUT (0-10 V Full Scale) 
vs. Displacement (::to. 1 Inch) 
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AD598 
+30V 

R5 
Vp• 6.8~F + O.1~F .--+-_____________ +__. 

AD598 

L 
SCHAEVITZ E100L:;~------------..... 

LVOT 

Figure 12. Interconnection Diagram for Single Supply Operation 

DESIGN PROCEDURE 
SINGLE SUPPLY OPERATION 

Figure 12 shows the single supply connection method. 

For single supply operation, repeat Steps I through 10 of the 
design procedure for dual supply operation, then complete the 
additional Steps 11 through 14 below. R5, R6 and C5 are addi
tional component values to be determined. V OUT is measured 
with respect to SIGNAL REFERENCE. 

11. Compute a maximum value of R5 and R6 based upon the 
relationship 

R5 + R6:5V ps/iOO j.iA 

12. The voltage drop across R5 must be greater than 

( 1.2 V VOUT ) 
2 + 10 kO* R4 + 5 kO + 250 j.iA + 4 x R2 Volts 

Therefore 

( 1.2 V VOUT ) 
2 + 10 kO* R4 + 5 kO + 250 !LA + 4XR2 

R5 '" 100 !LA Ohms 

*These values have ±20% tolerance. 

Based upon the constraints of R5 + R6 (Step 11) and R5 
(Step 12), select an interim value of R6. 

13. Load current through RL returns to the junction of R5 and 
R6, and flows back to Vps. Under maximum load condi
tions, make sure the voltage drop across R5 is met as 
defined in Step 12. 

As a fmal check on the power supply voltages, verify that 
the peak values of V A and VB are at least 2.5 volts less than 
the voltages at + Vs and - V s. 

14. C5 is a bypass capacitor in the range of 0.1 ",F to I ",F. 

Gain Phase Characteristics 
To use an L VDT in a closed loop mechanical servo application, 
it is necessary to know the dynamic characteristics of the trans-
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ducer and interface elements. The transducer itself is very quick 
to respond once the core is moved. The dynamics arise prima
rily from the interface electronics. Figures 13, 14 and 15 show 
the frequency response of the AD598 L VDT Signal Condi
tioner. Note that Figures 14 and 15 are basically the same; the 
difference is frequency range covered. Figure 14 shows a wider 
range of mechanical input frequencies at the expense of accu
racy. Figure 15 shows a more limited frequency range with 
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Figure 13. Gain and Phase Characteristics vs. Frequency 
(0-10 kHz) 
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enhanced accuracy. The figures are transfer functions with the 
input to be considered as a sinusoidally varying mechanical posi
tion and the output as the voltage from the ADS98; the units of 
the transfer function are volts per inch. The value of C2, C3 and 
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Figure 14. Gain and Phase Characteristics vs. Frequency 
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AD598 
C4, from Figure 7, are all equal and designated as a parameter 
in the figures. The response is approximately that of two real 
poles. However, there is appreciable excess phase at higher fre
quencies. An additional pole of filtering can be introduced with 
a shunt capacitor across R2, (see Figure 7); this will also 
increase phase lag. 

When selecting values of C2, C3 and C4 to set the bandwidth of 
the system, a trade-off is involved. There is ripple on the "de" 
position output voltage, and the magnitude is determined by the 
filter capacitors. Generally, smaller capacitors will give higher 
system bandwidth and larger ripple. Figures 16 and 17 show the 
magnitude of ripple as a function of C2, C3 and C4, again all 
equal in value. Note also a shunt capacitor across R2 shown as a 
parameter (see Figure 7). The value of R2 used was 81 kO with 
a Schaevitz EIOO LVDT. 
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Figure 16. Output Voltage Ripple vs. Filter Capacitance 
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Figure 17. Output Voltage Ripple vs. Filter Capacitance 
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AD59a 
VSEC WHEN VPR1 = 3V rms 

O.99Vrms 

VB 

d=-I00mils d=O d = .100 mils 

Figure 18. LVDT Secondary Voltage vs. Core 
Displacement 

Determining LVDT Sensitivity 
L VDT sensitivity can be determined by measuring the L VDT 
secondary voltages as a function of primary drive and core posi
tion, and performing a simple computation. 

Energize the L VDT at its recommended primary drive level, 
VPR1 (3 V rms for the EIOO). Set the core to midpoint where 
VA = VB. Set the core displacement to its mechanical full-scale 
position and measure secondary voltages V A and VB. 

Sensitivity = 
VA (at Full ScaleJ- VB (at Full ScaleJ 

APPLICATIONS 
PROVING RING-WEIGH SCALE 
Figure 20 shows an elastic member (steel proving ring) com
bined with an L VDT to provide a means of measuring very 
small loads. Figure 19 shows the electrical circuit details. 

The advantage of using a Proving Ring in combination with an 
L VDT is that no friction is involved between the core and the 
coils of the LVDT. This means that weights can be measured 
without confusion from frictional forces. This is especially 
important for very low full-scale weight applications. 

Although it is recognized that this type of measurement system 
may best be applied to weigh very small weights, this circuit 
was designed to give a full-scale output of 10 V for a SOO Ib 
weight, using a Morehouse Instruntents model SBT Proving 
Ring. The LVDT is a Schaevitz type HROSO (±SO mil full 
scale). Although this LVDT provides ± SO mil full scale, the 
value of R2 was calculated for d = ± 30 mil and V OUT equal to 
10 V as in Step 9 of the design procedures. 

The I jJ.F capacitor provides extra filtering, which reduces noise 
induced by mechanical vibrations. The other circuit values were 
calculated in the usual manner using the design procedures. 

This weigh-scale can be designed to measure tare weight simply 
by putting in an offset voltage by selecting either R3 or R4 (as 
shown in Figures 7 and 12). Tare weight is the weight of a con
tainer that is deducted from the gross weight to obtain the net 
weight. 

The value of R3 or R4 can be calculated using one of two sepa
rate methods. First, a potentiometer may be connected between 
Pins 18 and 19 of the ADS98, with the wiper connected to 
-VSUPPLY. This gives a small offset of either polarity; and the 
value can be calculated using Step 10 of the design procedures. 
For a large offset in one direction, replace either R3 or R4 with 
a potentiometer with its wiper connected to - V SUPPLY. 

1()-32 SIGNAL CONDITIONING COMPONENTS 

From Figure 18, 

1.71 - 0.99 . 
Sensitivity = 3 x 100 mils = 2.4 mV/Vlmll 

Thermal Shutdown and Loading Considerations. 
The ADS98 is protected by a thermal overload circuit.If the die 
temperature reaches 16SoC, the sine wave excitation amplitude 
gradually reduces, thereby lowering the internal power dissipa
tion and temperature. 

Due to the ratiometric operation of the decoder circuit, only 
small errors resnlt from the reduction of the excitation ampli
tude. Under these conditions the signal-processing section of the 
ADS98 continues to meet its output specifications. 

The thermal load depends upon the voltage and current deliv
ered to the. load as well as the POWeI supply potentials. An 
L VDT Primary will present an inductive load to the sine wave 
excitation. The phase angle between the excitation voltage and 
current must also be considered, further complicating thermal 
calculations. 

+15V 

+ 
6.8)JF 

-15V 

H---<i~-----'I-O-' R, 

L 
SCHAEVITZHR050=------------' 

LVDT 

Figure 19. Proving Ring-Weigh Scale Circuit 

FORCE/LOAD 

PROVING 
RING 

Figure 20. Proving Ring-Weigh Scale Cross Section 

REV. A 



The resolution of this weigh-scale was checked by placing a 100 
gram weight on the scale and observing the AD598 output sig
nal deflection on an oscilloscope. The deflection was 4.8 m V. 

The smallest signal deflection which could be measured on the 
oscilloscope was 450 jJ. V which corresponds to a 10 gram 
weight. This 450 jJ.V signal corresponds to an LVDT displace
ment of 1.32 microinches which is equivalent to one tenth of the 
wave length of blue light. 

The Proving Ring used in this circuit has a temperature coeffi
cient of 250 ppml"C due to Young's Modulus of steel. By put
ting a resistor with a temperature coefficient in place of R2 it is 
possible to temperature compensate the weigh-scale. Since the 
steel of the Proving Ring gets softer at higher temperatures, the 
deflection for a given force is larger, so a resistor with a negative 
temperature coefficient is required. 

SYNCHRONOUS OPERATION OF MULTIPLE LVDTS 
In many applications, such as multiple gaging measurement, a 
large number of L VDTs are used in close physical proximity. If 
these LVDTs are operated at similar carrier frequencies, stray 
magnetic coupling could cause beat notes to be generated. The 
resulting beat notes would interfere with the accuracy of mea
surements made under these conditions. To avoid this situation 
all the L VDTs are operated synchronously. 

AD598 
The circuit shown in Figure 21 has one master oscillator and 
any number of slaves. The master AD598 oscillator has its fre
quency and amplitude programmed in the usual manner via RI 
and C2 using Steps 6 and 7 in the design procedures. The slave 
AD598s all have Pins 6 and 7 connected together to disable their 
internal oscillators. Pins 4 and 5 of each slave are connected to 
Pins 2 and 3 of the master via 15 kO resistors, thus setting the 
amplitudes of the slaves equal to the amplitude of the master. If 
a different amplitude is required the 15 kO resistor values 
should be changed. Note that the amplitude scales linearly with 
the resistor value. The IS kO value was selected because it 
matches the nominal value of resistors internal to the circuit. 
Tolerances of 20% between the slave amplitudes arise due to 
differing internal resistors values, but this does not affect the 
operation of the circuit. 

Note that each L VDT primary is driven from its own power 
amplifier and thus the thermal load is shared between the 
AD598s. There is virtually no limit on the number of slaves in 
this circuit, since each slave presents a 30 kO load to the master 
AD598 power amplifier. For a very large number of slaves (say 
100 or more) one may need to consider the maximum output 
current drawn from the master AD598 power amplifier. 

SCHAEV1TZ E , •• tDT 
MECHANICAL POSmON INPUT 

SCHAEVIT7 E 100 tDT 
MECHANICAL POSInON INPUT 

L-~~---
SCHAEVITZ E 100 1 LVOT 
MECHANICAL POSITION INPUT 

Figure 21. Multiple L VDTs - Synchronous Operation 

REV. A SIGNAL CONDITIONING COMPONENTS 10-33 



AD598 
HIGH RESOLUTION POSITION-TO-FREQUENCY 
CIRCUIT 
In the circuit shown in Figure 22, the AD598 is combined with 
an AD652 voltage-to-frequency (V/F) converter to produce an 
effective, simple data converter which can make high resolution 
measurements. 

This circuit transfers the signal from the LVDT to the V/F con
verter in the form of a current, thus eliminating the errors nor
mally caused by the offset voltage of the V IF converter. The 
V IF converter offset voltage is normally the largest source of 
error in such circuits. The analog input signal to the AD652 is 
converted to digital frequency output pulses which can be 
counted by simple digital means. 

+V. 

L-~~---
SCHAEVITZ E 100 1 L VOT 
MECHANICAL POSITION INPUT 

This circuit is particularly useful if there is a large degree of 
mechanical vibration (hum) on the position to be measured. 
The hum may be completely rejected by counting the digital 
frequency pulses over a gate time (fixed period) equal to a mul
tiple of the hum period. For the effects of the hum to be com
pletely rejected, the hum must be a periodic signal. 

The V/F converter is currently set up for unipolar operation. 
The AD652 data sheet explains how to set up for bipolar opera
tion. Note that when the LVDT core is centered, the output 
frequency is zero. When the LVDT core is positioned off cen
ter, and to one side, the frequency increases to a full-scale value. 
To introduce bipolar operation to this circuit, an offset must be 
introduced at the LVDT as shown in Step 10 of the design 
procedures. 

AD652 
SYNCHRONOUS 

VOLTAGE TO 
FREQUENCY 
CONVERTER 

Figure 22. High Resolution Position-to-Frequency 
Converter 

I ~:~~ANICAL 
I POSITION " 

---~~-----m 
OUTPUT 
POSrrlON 
SCHAEVrrz E 100 
LVDT 

O.1I1F 
+V 

Figure 23. Low Cost Set-Point Controller 
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LOW COST SET-POINT CONTROLLER 
A low cost set-point controller can be implemented with the cir
cuit shown in Figure 23. Such a circuit could possibly be used 
in automobile fuel control systems. The potentiometer, PI, is 
attached to the gas pedal, and the LVDT is attached to the but
terfly valve of the fuel injection system or carburetor. The posi
tion of the butterfly valve is electronically controlled by the 
position of the gas pedal, without mechanical linkage. 

This circuit is a simple two IC closed loop servo-controller. It is 
simple because the L VDT circuit is functioning as the loop inte
grator. By putting a capacitor in the feedback path (normally 
occupied by R2), the output signal from the AD598 corresponds 
to the time integral of the position being measured by the 
LVDT. The LVDT position signal is summed with the offset 
signal introduced by the potentiometer, PI. Since this sum is 
integrated, it must be forced to zero. Thus the L VDT position 
is forced to follow the value of the input potentiometer, PI. The 
output signal from the AD598 drives the LM675 power ampli
fier, which in turn drives the solenoid. 

This circuit has dual advantages of being both low cost and high 
accuracy. The high accuracy results from avoiding the offset 
errors normally associated with converting the L VDT signal to a 
voltage and then subsequently integrating that voltage. 

OUTPUT 
I MECHANICAL 

I POSITION \,. 

SCHAEVITZ E 100 "" ...... -'Tv.-...... 'l 
LVDT 

INPUT 
MECHANICAL 
PosmON \,. 

SCHAEVITZ E 100 "",,,,,_\.A.,..,..,, 
LVDT 

O.1~F 

AD598 
MECHANICAL FOLLOWER SERVO-LOOP 
Figure 24 shows how two Schaevitz E100 LVDTs may be com
bined with two AD598s in a mechanical follower servo-loop con
figuration. One of the LVDTs provides the mechanical input 
position signal, while the other L VDT mimics the motion. 

The signal from the input position circuit is fed to the output as 
a current so that voltage offset errors are avoided. This current 
signal is summed with the signal from the output position 
LVDT; this summed signal is integrated such that the output 
position is now equal to the input position. This circuit is an 
efficient means of implementing a mechanical servo-loop since 
only three ICs are required. 

This circuit is similar to the previous circuit (Figure 23) with 
one exception: the previous circuit uses a potentiometer instead 
of an L VDT to provide the input position signal. Replacing the 
potentiometer with an LVDT offers two advantages. First, the 
increased reliability and robustness of the LVDT can be 
exploited in applications where the position input sensor is 
located in a hostile environment. Second, the mechanical 
motions of the input and output L VDTs are guaranteed to be 
identical to within the matching of their individual scale factors. 
These particular advantages make this circuit ideal for applica
tion as a hydraulic actuator controller. 

30k 

O.01J.lF 
+V 

.... --<l>--op-1'25V 
47)J.F 

33j>F 

-41_---4~-_ GND 

POWER SUPPLY 

4.99k 

Figure 24. Mechanical Follower Servo-Loop 
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AD598 
DIFFERENTIAL GAGING 
L VDTs are commonly used in gaging systems. Two L VDTs 
can be used to measure the thickness or taper of an object. To 
measure thickness, the L VDTs are placed on either side of the 
object to be measured. The L VDTs are positioned such that 
there is a known maximum distance between them in the fully 
retracted position. 

This circuit is both simple and inexpensive. It has the advantage 
that two L VDTs may be driven from one AD598, but the dis
advantage is that the scale factor of each LVDT may not match 
exactly. This causes the workpiece thickness measurement to 
vary depending upon its absolute position in the differential 
gage head. 

SCHAEVrrz E 100 

• 

SCHAEvrrz E 100 

This circuit was designed to produce a ± 10 V signal output 
swing, composed of the sum of the two independent ± 5 V 
swings from each LVDT. The output voltage 'swing is set with 
an 80.9 kG resistor. The output voltage Vout for this circuit is 
given by: 

[
(VA - VB) (Vc- VD) ] 

Your = (VA+VB) + (VC+VD) X 500 ,..A x R2. 

+V 

Figure 25. Differential Gaging 
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PRECISION DIFFERENTIAL GAGING 
The circuit shown in Figure 26 is functionally similar to the dif
ferential gaging circuit shown in Figure 25. In contrast to Fig
ure 25, it provides a means of independently adjusting the scale 
factor of each L VDT so that both scale factors may be matched. 

The two L VDTs are driven in a master-slave arrangement 
where the output signal from the slave L VDT is summed with 
the output signal from the master L VDT. The scale factor of 
the slave LVDT only is adjusted with Rl and R2. The summed 
scale factor of the master L VDT and the slave L VDT is 
adjusted with R3. 

15k" • 
• A 

15k" 

B 
MASTER LVDT 

• 
SCHAEVrrz E 100 

• 
• c 

o 
SLAVE 

• LVDT 

AD598 
Rl and R2 are chosen to be 80.9 kO resistors to give a :!: 10 V 
full-scale output signal for a single Schaevitz ElOO LVDT. R3 is 
chosen to be 40.2 kO to give a :!: 10 V output signal when the 
two ElOO LVDT output signals are summed. The output volt
age for this circuit is given by: 

-v +V 
0.1~F 0.1~F 

t--It-I ---.-'!'---il 

VOUT = (VA-VB + VC-VD. Hi)_ 500 A- R3 
VA+VB VC.VD R1 /l 

Figure 26. Precision Differential Gaging 
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AD598 
OPERATION WITH A HALF-BRIDGE TRANSDUCER 
Although the AD598 is not intended for use with a half-bridge 
type transducer, it may be made to function with degraded 
performance. 

A half-bridge type transducer is a popular transducer. It works 
in a similar manner to the L VDT in that two coils are wound 
around a moveable core and the inductance of each coil is a 
function of core position. 

In the circuit shown in Figure 27 the V A and VB input voltages 
are developed as two resistive-inductor dividers. If the inductors 
are equal (i.e., the core is centered), the V A and VB input volt
ages to the AD598 are equal and the output voltage VOUT is 
zero. When the core is positioned off center, the inductors are 
unequal and an output voltage V OUT is developed. 

The linearity of this circuit is dependent upon the value of the 
resistors in the resistive-inductor dividers. The optimum value 
may be transducer dependent and therefore must be selected by 
trial and error. The 300 n resistors in this circuit optimize the 

3000 

SANGAMO 
AGHI 
HALF-BRIDGE 

MECHANICAL 

~~~ION /' 

3000 

nonlinearity of the transfer function to within several tenths of 
1 %. This circuit uses a Sangamo AGHI half-bridge transducer. 
The 1 I1F capacitor blocks the dc offset of the excitation output 
signal. The 4 nF capacitor sets the transducer excitation fre
quency to 10 kHz as recommended by the manufacturer. 

ALTERNATE HALF-BRIDGE TRANSDUCER CIRCUIT 
This circuit suffers from similar accuracy problems to those 
mentioned in the previous circuit description. In this circuit the 
V A input signal to the AD598 really and truly is a linear func
tion of core position, and the input sigual VB' is one half of the 
excitation voltage level. However, a nonlinearity is introduced 
by the A-B/A+B transfer function. 

The 500 n resistors in this circuit are chosen to minimize errors 
caused by dc bias currents from the V A and VB inputs. Note 
that in the previous circuit these bias currents see very low resis
tance paths to ground through the coils. 

+V 

;I-_ ..... ___ OVOUT ±10V 
FULL SCALE 

AD598 

Figure 27. Half-Bridge Operation 
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Figure 28. Alternate Half-Bridge Circuit 
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r.ANALOG 
WDEVICES 

FEATURES 
Instrumentation Amplifier Front End 
Loop-Powered Operation 
Precalibrated 30mV or 60mV Input Spans 
Independently Adjustable Output Span and Zero 
Precalibrated Output Spans: 4-20mA Unipolar 

0-20mA Unipolar 
12±8mA Bipolar 

Precalibrated 100fi RTD Interface 
6.2V Reference with Up to 3.5mA of Current Available 
Uncommitted Auxiliary Amp for Extra Flexibility 
Optional External Pass Transistor to Reduce 

Self-Heating Errors 

PRODUCT DESCRIPTION 
The AD693 is a monolithic signal conditioning circuit which 
accepts low-level inputs from a variety of transducers to control 
a standard 4-2OrnA, two-wire current loop. An on-chip voltage 
reference and auxiliary amplifier are provided for transducer 
excitation; up to 3.5mA of excitation current is available when 
the device is operated in the loop-powered mode. Alternatively, 
the device may be locally powered for three-wire applications 
when 0-20rnA operation is desired. 

Precalibrated 30mV and 60mV input spans may be set by simple 
pin strapping. Other spans from ImV to lOOmV may be realized 
with the addition of external resistors. The auxiliary amplifier 
may be used in combination with on-chip voltages to provide six 
precalibrated ranges for lOon RTDs. Output span and zero are 
also determined by pin strapping to obtain the standard ranges: 
4-20mA, 12 ± SmA and 0-20mA. 

Active laser trimming of the AD693's thin-film resistors result 
in high levels of accuracy without the need for additional adjust
ments and calibration. Total unadjusted error is tested on every 
device to be less than 0.5% of full scale at + 25°C, and less than 
0.75% over the industrial temperature range. Residual nonlinearity 
is under 0.05%. The AD693 also allows for the use of an external 
pass transistor to further reduce errors caused by self-heating. 

For transmission of low-level signals from RTDs~ bridges and 
pressure transducers, the AD693 offers a cost-effective signal 
conditioning solution. It is recommended as a replacement for 
discrete designs in a variety of applications in process control, 
factory automation and system monitoring. 

The AD693 is packaged in a 20-pin ceramic side-brazed DIP, 
20-pin Cerdip, and 20-pin LCCC and is specified over the - 400C 
to + S50C industrial temperature range. 

REV. A 

Loop-Powered 4-20mA 
Sensor Transmitter 

AD693 I 
FUNCTIONAL BLOCK DIAGRAM 

P1 P2 

-AUX +AUX 75mV 100n 150rnV COM 

PRODUCT HIGHLIGHTS 
1. The AD693 is a complete monolithic low-level voltage-to

current loop signal conditioner. 

2. Precalibrated output zero and span options include 
4-20mA, 0-2OrnA, and 12 ± SmA in two- and three-wire 
configurations. 

3. Simple resistor progranuning adds a continuum of ranges to 
the basic 30m V and 60m V input spans. 

4. The common-mode range of the signal amplifier input extends 
from ground to near the device's operating voltage. 

5. Provision for transducer excitation includes a 6.2V reference 
output and an auxiliary amplifier which may be configured 
for voltage or current output and signal amplification. 

6. The circuit configuration permits simple linearization of 
bridge, RTD, and other transducer signals. 

7. A monitored output is provided to drive an external pass 
transistor. This feature off-loads power dissipation to extend 
the temperature range of operation, enhance reliability, and 
minimize self-heating errors. 

S. Laser-wafer trimming results in low unadjusted errors and 
affords precalibrated input and output spans. 

9. Zero and span are independently adjustable and noninteractive 
to accommodate transducers or user defmed ranges. 

10. Six precalibrated temperature ranges are available with a 
lOOn RTD via pin strapping. 
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AD693 SPECIFICATIONS (@+25°CandVs=+24V.lnputSpan=30rnVor60rnV,OutputSpan = 4-20rnA, 
-- RL = 2500, VCM = 3.IV, with external pass transistor unless otherwise noted) 

AD693AD/AQ/AE 
Model Conditions Min Typ Max Units 

LOOP-POWERED OPERATION 

TOTAL UNADJUSTED ERROR 1,2 ±0.2S ±O.S % Full Scale 
Tmm to Tmax ±0.4 ±0.1S % Full Scale 

lOOflRTDCALIBRATIONERROR3 (See Fig. 17) ±O.S ±2.0 ·C 

LOOP POWERED OPERA TION2 

Zero Current Error4 Zero = 4rnA ±2S ±80 ILA 
Zero = 12mA ±40 ±120 ILA 
Zero = OmA5 +7 +35 +100 ,..A 

vs. Temp. Zero = 4mA ±O.S ± I.S ,..ArC 
Power Supply Rejection (RTI) 12V:5Vop:536y6 ±3.0 ±S.6 ILVN 

OV:5VCM:56.2V 
Common-Mode Input Range (See Fig. 3) 0 +VOp-4V6 V 
Common-Mode Rejection (RTI) OV:5VCM:56.2V ±10 ±30 ILVN 
Input Bias Currene +S +20 nA 

Tminto Tmax +7 +2S nA 

Input Offset Currene VSIG=O ±O.S ±3.0 nA 
Transconductance 

Nominal 30mVInputSpan 0.S333 AN 
60m V Input Span 0.2666 AN 

Unadjusted Error ±O.OS ±0.2 % 
vs. Common-Mode OV:5VCM:56.2V 

30mV InputSpan ±0.03 ±0.04 %N 
60mV InputSpan ±O.OS ±0.06 %N 

Errorvs. Temp. ±20 ±SO ppmfC 
N onlinearity8 30mV InputSpan ±0.01 ±O.OS % of Span 

60mV InputSpan ±0.02 ±0.01 % of Span 

OPERATIONAL VOLTAGE RANGE 
Operational Voltage, VOp6 +12 +36 V 
Quiescent Current Into Pin 9 +SOO +700 ,..A 

OUTPUT CURRENT LIMIT +21 +2S +32 rnA 

COMPONENTS OF ERROR 

SIGNALAMPLIFIER9 

Input Voltage Offset ±40 ±2oo ILV 
vs. Temp ± 1.0 ±2.S ILvrc 

Power Supply Rejection 12V:5Vop:536V6 ±3.0 ±S.6 ILVN 
OV:5VCM:56.2V 

VII CONVERTER" 10 

Zero Current Error Output Span = 4-20rnA ±30 ±80 ,..A 
Power Supply Rejection 12V:5Vop:536V6 ± 1.0 ±3.0 ILAN 
Transconductance 

Nominal 0.2666 AN 
Unadjusted Error ±O.OS ±0.2 % 

6.200VREFERENCE9,12 

Output Voltage Tolerance ±3 ±12 mV 
vs. Temp. ±20 ±SO ppmfC 

Line Regulation 12V:5Vop:536V6 ±200 ±3oo ILVN 
Load Regulation II OrnA:5IREF:53mA ±0.3 ±0.7S mV/rnA 
Output Currentl3 Loop Powered, (Fig. 10) +3.0 +3.S rnA 

3-Wire Mode, (Fig. IS) +S.O rnA 
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AD693AD 
Model Conditions Min Typ Mas: 

AUXILIARY AMPLIFIER 
Common-Mode Range 0 +Vop-4V6 

Input Offset Voltage ±50 ±200 
Input Bias Current +5 +20 
Input Offset Current +0.5 ±3.0 
Common-Mode Rejection 90 
Power Supply Rejection 105 
Output Current Range Pin Ix OUT +0.01 +5 
Output Current Error PinVx -Pin Ix ±0.OO5 

TEMPERATURE RANGE 
Case Operatingl4 Tmi• toTmax -40 +85 
Storage -65 +150 

NOTES 
'Total error can be significantly reduced (rypically less than 0.1%) by trimming the zero current. The remaining unadjusted 
error sources are transconductance and nonlinearity. 

Uaits 

V 
.... V 
nA 
nA 
dB 
dB 
rnA 
% 

°C 
"C 

'The AD693 is tested as a loop powered device with the signal amp, VfI converter, voltage reference, and application voltages 
operating together. Specifications are valid for preset spans and spans between 30m V and 60m V. 

'Error from ideal output aasuming a perfect lOon RTD at 0 and + lOO"C. 
'Refer to the Error Analysis to calculate zero current error for input spans less than 3OmV. 
'By forcing the differential signal amplifier input sufficiently negative the 7.,A zero current can always be achieved. 
'The operational voltage (V op) is the voltage directly across the AD693 (Pin 10 to 6 in two-wire mode, Pin 9 to 6 in 
local power mode). For example, Vop = V s - (ILOOP x RL) in two·wire mode (refer to Figure 10). 

'Bias currents are not symmetrical with input signal level and flow out of the input pins. The input bias current of the 
inverting input increases with input signal voltage, see Figure 2. 

8Non1ineariry is defmed as the devistion of the output from a straight line connecting the endpoints as the input is swept over a 
30m V and 60mV input span. 

'Specifications for the individnal functional blocks are components of error that contribute to, and that are included in, the Loop 
Powered Operation specifications. 

'''Includes error contributions of VfI converter and Application Voltages. 
"Changes in the reference output voltage due to load will affect the Zero Current. A 1% change in the voltage reference output will 

result in an error of 1 % in the value of the Zero Current. 
"If not used for external excitation, the reference should be loaded by approximately lmA (6.2kn to common). 
"In the loop powered mode up to SmA can be drawn from the reference, however, the lower limit of the output span will be 

increased accordingly. 3.5mA is the maximum current the reference can source while still maintaining a 4mA zero. 
''The AD693 is tested with a pass transistor so TA"'Tc . 

Specifications subject to change without notice. 

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

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ..... 
Reverse Loop Current . . . . . . . . 
Signal Amp Input Range ..... . 
Reference Short Circuit to Common 
Auxiliary Amp Input Voltage Range 
Auxiliary Amp Current Output . • . 
Storage Temperature ....... . 
Lead Tempemture, 10sec Soldering . 
Max Junction Tempemture . . . . . 

Model 

AD693AD 
AD693AQ 
AD693AE 

ORDERING GUIDE 

Package 
Description 

Ceramic Side-Brazed DIP 
Cerdip 
Leadless Ceramic Chip 
Carrier (LCCC) 

· ... +36V 
· ... 200rnA 
-O.3V to Vop 
.. Indefinite 
-0.3V to Vop 
· ... lOrnA 

- 65"C to + 1500C 
+ 300°C 

. .... + IS00C 

Package 
Option* 

D-20 
Q-20 
E-20A 

*Foroutline information see Package Information section. 

AD693 PIN CONFIGURATION 
(AD, AW, AE Packages) 

Functional Diagram 

AD693 
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AD693 - Typical Characteristics 
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FUNCTIONAL DESCRIPTION 
The operation of the AD693 can be understood by dividing the 
circuit into three functional parts (see Figure 9). First, an in
strumentation amplifier front-end buffers and scales the low-level 
input signal. This amplifier drives the second section, a VII 
converter, which provides the 4-te>-20mA loop current. The 
third section, a voltage reference and resistance divider, provides 
application voltages for setting the various "live zero" currents. 
In addition to these three main sections, there is an on-chip 
auxiliary amplifier which can be used for transducer excitation. 

VOLTAGE·TO·CURRENT (V/I) CONVERTER 
The output NPN transistor for the V /I section sinks loop current 
when driven on by a high gain amplifier at its base. The input 
for this amplifier is derived from the difference in the outputs 
of the matched preamplifiers having gains, G2. This difference 
is caused to be small by the 1arge gain, + A, and the negative 
feedback through the NPN transistor and the loop current 
sampling resistor between lIN and Boost. The signal across this 
resistor is compared to the input of the left preamp and servos 
the loop current until both signals are equal. Accurate voltage-to
current transformation is thereby assured. The preamplifiers 
employ a special design which allows the active feedback amplifier 
to operate from the most positive point in the circuit, lIN. 

The V /I stage is designed to have a nominal transconductance of 
0.2666 AN. Thus, a 75mV signal applied to the inputs of the 
VII (Pin 16, noninverting; Pin 12, inverting) results in a full-scale 
output current of 20rnA. 

The current limiter operates as follows: the output of the feedhack 
preamp is an accurate indication of the loop current. This output 
is compared to aD internal setpoint which backs off the drive to 
the NPN transistor when the loop current approaches 25mA. As 
a result, the loop and the AD693 are protected from the conse
quences of voltage overdrive at the VII input. 

VOLTAGE REFERENCE AND DIVIDER 
A stabilized bandgap voltage reference and 1aser·trimmed resistor 
divider provide for both transducer excitation as well as pre
calibrated offsets for the VII converter. When not used for 
external excitation, the reference should be loaded by approxi
mately lmA (6.2kO to common). 

The 4mA and 12mA taps on the. resistor divider correspond to 
-15mVand -45mV, respectively, and result in a live zero of 
4mA or 12mA ofloop current when connected to the VII converter's 

P1 P2 <rnA 12mA 

AD693 
inverting input (Pin 12). Arranging the zero offset in this way 
makes the zero signal output current independent of input span. 
When the input to the signal amp is zero, the noninverting 
input of the VII is at 6.2V. 

Since the standard offsets are 1aser trimmed at the factory, 
adjustment is seldom necessary except to accommodate the zero 
offset of the actual source. (See "Adjusting Zero".) 

SIGNAL AMPLIFIER 
The Signal Amplifier is an instrumentation amplifier used to 
buffer and scale the input to match the desired span. Inputs 
applied to the Signal Amplifier (at Pins 17 and 18) are amplified 
and referred to the 6.2V reference output in much the same way 
as the level translation occurs in the VII converter. Signals from 
the two preamplifiers are subtracted, the difference is amplified, 
and the result is fed back to the upper preamp to minimize the 
difference. Since the two preamps are identical, this minimum 
will occur when the voltage at the upper preamp just matches 
the differential input applied to the Signal Amplifier at the left. 

Since the signal which is applied to the VII is attenuated across 
the two 8000 resistors before driving the upper preamp, it will 
necessarily be an amplified version of the signal applied between 
Pins 17 and 18. By changing this attenuation, you can control 
the span referred to the Signal Amplifier. To illustrate: a 75mV 
signal applied to the VII results in a 20rnA loop current. Nominally, 
15mV is applied to offset the zero to 4mA leaving a 60mV range 
to correspond to the span. And, since the nominal attenuation 
of the resistors connected to Pins 16, 15 and 14 is 2.00, a 30mV 
input signal will be doubled to result in 20rnA of loop current. 
Shorting Pins 15 and 16 results in unity gain and permits a 
60mV input span. Other choices of span may be implemented 
with user supplied resistors to modify the attenuation. (See 
section "Adjusting Input Span".) 

The Signal Amplifier is specially designed to accommodate a __ 
1arge common-mode range. Common-mode signals anywhere up 
to and beyond the 6.2V reference are easily handled as long as 
VIN is sufficiendy positive. The Signal Amplifier is biased with 
respect to VIN and requires about 3.5 volts of headroom. The 
extended range will be useful when measuring sensors driven, 
for example, by the auxiliary amplifier which may go above the 
6.2V potential. In addition, the PNP input stage will continue 
to operate normally with common-mode voltages of several 
hundred mY, negative, with respect to common. This feature 
accommodates self·generating sensors, such as thermocouples, 

-AUX +AUX 75mV 100n 150mV COM 

Figure 9. Functional Block Diagram 
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AD693 
which may produce small negative normal-mode signals as well 
as common-mode noise on "grounded" signal sources. 

AUXILIARY AMPLIFIER 
The Auxiliary Amplifier is included in the AD693 as a signal 
conditioning aid. It can be used as an op amp in noninverting 
applications and has special provisions to provide a controlled 
current output. Designed with a differential input stage and an 
unbiased Class A output stage, the amplifier can be resistively 
loaded to common with the self-contained 1000 resistor or with 
a user supplied resistor. 

As a functional element, the Auxiliary Amplifier can be used in 
dynamic bridges and arrangements such as the RTD signal 
conditioner shown in Figure 17. It can be used to buffer, amplify 
and combine other signals with the main Signal Amplifier. The 
Auxiliary Amplifier can also provide other voltages for excitation 
if the 6.2V of the rCference is unsuitable. Configured as a silnple 
follower, it can be driven from a user supplied voltage divider 
or the precalibrated outputs of the AD693 divider (pins 3 and 
4) to provide a stiff voltage output at less than the 6.2 level, or 
by incorporating a voltage divider as feedback around the amplifier, 
one can gain-up the reference to levels higher than 6.2V. If 
large positive outputs are desired, lx, the Auxiliary Amplifier 
output current supply, should be strapped to either VIN or 

Applying the AD693 
CONNECTIONS FOR BASIC OPERATION 
Figure 10 shows the minimal connections for basic operation: 
0-3OmV input span, 4-20mA output span in the two-wire, loop
powered mode. If not used for external excitation, the 6.2V 
reference should be loaded by approximately lmA (6.2kO to 
common). 

USING AN EXTERNAL PASS TRANSISTOR 
The emitter of the NPN output section, lOUT' of the AD693 is 
usually connec.ted to common and the negative loop connection 
(Pins 7 to 6). Provision has been made to reconnect lOUT to the 
base of a user supplied NPN transistor as shown in Figure 11. 
This permits the majority of the power dissipation to be moved 
off chip to enhance performance, improve reliability, and extend 
the operating temperature range .. An internal hold-dowil resistor 
of about 3k is connected across the base emitter of the external 
transistor. 

The external pass transistor selected should have a BV CEO greater 
than the intended supply voltage with a sufficient power rating 

VIN=O 

T030mV 

Boost. Like the Signal Amplifier, the Auxiliary requires about 
3.5V of headroom with respect to V IN at its input and about 2V 
of difference between Ix and the voltage to which Vx is. required 
to swing. 

The output stage of the Auxiliary Amplifier is actually a high 
gain Darlington transistor where Ix is the collector and Vx is 
the emitter. Thus, the Auxiliary Amplifier can be used as a VII 
converter when configured as a follower and resistively loaded. 
Ix functions as a high-impedance current source whose current 
is equal to the voltage at Vx divided by the load resistance. For 
example, using the onboard 1000 resistor and the 75mV or 
150m V application voltages, either a 750fjA or 1.5mA current 
source can be set up for transducer excitation. 

The Ix tertnina1 has voltage compliance within 2V of Vx . If the 
Auxiliary, Amplifier is not to be used, then Pin 2, the noninverting 
input, should be grounded. 

REVERSE VOLTAGE PROTECTION FEATURE 
In the event of a reverse voltage being applied to the AD693 
through a current-limited loop (limited to 200mA), an internal 
shunt .diode protects the device from damage. This protection 
mode avoids the compliance volw:e penalty which results from 
a series diode that must be added if reversal protection is required 
in high-current loops. 

for continuous operation with 25mA current at the supply voltage. 
Ft should be in the IOMHz to IOOMHz range and I'l should be 
greater than 10 at a 20mA emitter current. Some transistors that 
meet this criteria are the 2N1711 and 2N2219A. Heat sinking 
the external pass transistor is suggested. 

The pass transistor option may also be employed for other ap
plications as well. For example, lOUT can be used to drive an 
LED connected to Common, thus providing a local monitor of 
loop fault conditions without reducing the minimum compliance 
voltage. 

ADJUSTING ZERO 
In general, the desired zero offset value is obtained by connecting 
an appropriate tap of the precision reference/voltage divider 
network to the inverting terminal of the V II converter. As shown 
in Figure 9, precalibrated taps at Pins 14, 13 and 11 result in 
zero offsets of Om A, 4mA and 12mA, respectively, when connected 
to Pin 12. The voltages which set the 4mA and 12mA zero 
operating points are 15m V and 45m V negative with respect to 

Figure 10. Minimal Connection for o-30mV Unipolar Input, 4-20mA Output 
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6.2kfl 

V1N=O 

T030m'\(..--,==V 

AD693 

-THE AD693 IS TESTED WITH A 2N3440 
AT THE FACTORY. RECOMMENDED 
TRANSISTOR TYPES ARE GIVEN 
IN THE DATA SHEET TEXT. 

uCe = O.1I1F TO 0.01 "F. 

Figure ". Using an External Pass Transistor to Minimize 
Self-Heating Errors 

6.2V, and they each have a nominal source resistance of 4s0fl. 
While these voltages are laser trimmed to high accuracy, they 
may require some adjustment to accommodate variability between 
sensors or to provide additional ranges. You can adjust zero by 
pulling up or down on the selected zero tap, or by making a 
separate voltage divider to drive the zero pin. 

The arrangement of Figure 12 will give an approximately linear 
adjustment of the precalibrated options with fixed limits. To 
find the proper resistor values, first select lA, the desired range 
of adjustment of the output current from nominal. Substitute 
this value in the appropriate formula below for adjustment at 
the 4mA tap. 

RZl (1.6V/IA) - 400.n.nd 

RZ2 RZI X nV/(lsmV + IA X 3.7sfl) 

Use a similar connection with the following resistances for ad
justments at the 12mA tap. 

RZI (4.8V/IA) - 400fl and 

RZ2 RZI X 3.IV/(4SmV + IA X 3.7sfl) 

These formulae take into account the ± 10% tolerance of tap 
resistance and insure a minimum adjustment range of IA. For 
example, choosing IA = 200ILA will give a zero adjustment 
range of ± 1% of the 20mA full-scale output. At the 4mA tap 
the maximum value of: 

RZI 1.6V/200ILA - 400fl = 7.6kfl and 

RZ2 7.6kfl x 3.IVI(lsmV + 200ILA x 3.7sfl) 1.49Mfl 

Figure 12. Optional4mA Zero Adjustment (12mA Trim 
Available Also) 
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These can be rounded down to more convenient values of 7.5kfl 
and 1.3Mfl, which will result in an adjustment range comfortably 
greater than ± 200ILA. 

ADJUSTING INPUT SPAN 
Input Span is adjusted by changing the gain of the Signal Amplifier. 
This amplifier provides a O--t0-60m V signal to the V II section to 
produce the 4-to-20mA output span (or a O--to-7smV signal in 
the O--to-20mA mode). The gain of this amplifier is trimmed to 
2.00 so that an input signal ranging from O--to-30mV will drive 
the VII section to produce 4-to-20mA. Joining PI and P2 (Pins 
IS and 16) will reduce the Signal Amplifier gain to one, thereby 
requiring a 60mV signal to drive the VII to a f\ill 20mA span. 

To produce spans less than 30mV, an external resistor, RSI> can 
be connected between PI and 6.2V. The nominal value is given 
by: 

400fl 
30mV -I 
S 

where S is the desired span. For example, to change the span to 

6mV a value of: 

400fl 
RSI = 30mV -I 100fl 

6mV 

is required. Since the internal, 800fl gain setting resistors exhibit 
an absolute tolerance of 10%, RSI should be provided with up to 
± 10% range of adjustment if the span must be well controlled. 

For spans between 30mV and 60mVa resistor RS2 should be 
connected between PI and P2. The nominal value is given by: 

RS2 = 

400fl (1 - 60m V) 
S 

30mV -I 
-S-

For example, to change the span to 40m V, a value of: 

RS2 

400fl (1 - 60m V) 
40mV 

30mV -I 
40mV 

800fl 

is required. Remember that this is a nominal value and may 
require adjustment up to ± 10%. In many applications the span 
must be adjusted to accommodate individual variations in the 
sensor as well as the AD693. The span changing resistor should, 
therefore, include enough adjustment range to handle both the 
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AD693 
sensor uncertainty and the absolute resistance tolerance of PI 
and P2. Note that the temperature coefficient of the internal 
resistors is nominally - l7ppml"C, and that the external resis
tors should be comparably stable to insure good temperature 
performance. 

An alternative arrangement, aJlowing wide range span adjustment 
between two set ranges, is shown in Figure 13. Rsl and R.s2 are 
calculated to be 90% of the values determined from the previous 
formulae. The smaJlest value is then placed in series with the 
wiper of the l.5kO potentiometer shown in the figure. For 
example, to adjust the span between 25mV and 4OmV, RSI and 
Rsz are calculated to be 2()()()n and 8000, respectively. The 
smaJler value, 8oon, is then reduced by 10% to cover the possible 
ranges of resistance in the A0693 and that value is put in place. 

1.5,," 
MINIMUM OF 
As, AND Rsz 

Figure 13. Wide Range Span Adjustment 

A number of other arrangements can be used to set the span as 
long as they are compatible with the pretrimmed noninverting 
gain of two. The span adjustment can even include thermistors 
or other sensitive elements to compensate the span of a sensor. 

In devising your own adjustment scheme, remember that you 
should adjust the gain such that the desired span voltage at the 
Signal Amplifier input transJates to 60mV at the output. Note 
also that the full differential voltage applied to the V II converter 
is 75mV; in the 4-20mA mode, -15mVis applied to the inverting 
input (zero pin) by the Divider Network and + 60m V is applied 
to the noninverting input by the Signal Amplifier. In the 0-20mA 
mode, the total 75mV must be applied by the Signal Amplifier. 
As a result, the total span voltage will be 25% Jarger than that 
calculated for a 4-20mA output. 

FinaJly, the external resistance from P2 to 6.2V should not be 
made lesa than lkO unless the voltage reference is loaded to at 
least l.0mA. (A simple load resistor can be used to meet this 
requirement if a low value potentiometer is desired.) In no case 
should the resistance from P2 to 6.2V be less than 2000. 

Input Spans Between 60 and lOOmV 
Input spans of up to l00mV can be obtained by adding an 
offset proportional to the output signaJ into the zero pin of the 
V II converter. This can be accomplished with two resistors and 
adjusted via the optional trim scheme shown in Figure 14. The 
resistor divider formed by RBI and Rm from the output of the 
Signal Amplifier modifies the differential input voltage range 
applied to the V II converter. 

In order to determine the fixed resistor values, RBI and Rm, 
first measure the source resistance (RD) of the internal divider 
network. This can be accomplished (power supply disconnected) 
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by measuring the resistance between the 4mA of offset (Pin 13) 
and common (Pin 6) with the 6.2V reference (Pin 14) connected 
to common. The measured value, RD , is then used to calculate 
RBI and Rm. via the following formula: 

Rru = RD (S _S60mV - l.oo24) 

and REI = 412Rru 

Figure 14. Adjusting for Spans between 60mV and 100mV 
(REf and REZ) with Fine-Scale Adjust (RES and R,w 

Figure 14 shows a scheme for adjusting the modified span and 
4mA offset via RID and RE4. The trim procedure is to first 
connect both signaJ inputs to the 6.2V Reference, set RE4 to 
zero and then adjust RID so that 4mA flows in the current loop. 
This in effect, creates a divider with the same ratio as the internal 
divider that sets the 4mA zero level ( - 15m V with respect to 
6.2V). As long as the input signaJ remains zero the voltage at 
Pin 12, the zero adjust, will remain at -15mV with respect to 
6.2V. 

After adjusting RID place the desired full scale (S) across the 
signaJ inputs and adjust RE4 so that 20mA flows in the current 
loop. An attenuated portion of the input signal is now added 
into the VII zero to maintain the 75mV maximum differential. 
If there is some smaJI offset at the input to the Signal Amplifier, 
it may be necessary to repeat the two adjustments. 

LOCAL-POWERED OPERATION FOR 0-20mA OUTPUT 
The AD693 is designed for local-powered, three-wire systems as 
weJJ as two-wire loops. All its usual ranges are available in three
wire operation, and in addition, the 0-20mA range can be used. 
The 0-20mA convention offers slightly more resolution and may 
simplify the loop receiver, two reasons why it is sometimes 
preferred. 

The arrangement, illustrated in Figure IS, results in a 0-20mA 
transmitter where the precaJibrated span is 37 .5m V. Connecting 
PI to P2 will double the span to 75m V. Sensor input and excitation 
is unchanged from the two-wire mode except for the 25% increase 
in span. Many sensors are ratiometric so that an increase in 
excitation can be used instead of a span adjustment. 

In the local-powered mode, increases in excitation are made 
easier. Voltage compliance at the lIN termina1 is also improved; 
the loop voltage may be permitted to faJI to 6 volts at the A0693, 
easing the trade-off between loop voltage and loop resistance. 
Note that the load resistor, RL , should meter the current into 
Pin 10, lIN, so as not to confuse the loop current with the local 
power supply current. 
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Figure 15. Local Powered Operation with D-20mA Output 

OPTIONAL INPUT FILTERING 
Input filtering is recommended for all applications of the AD693 
due to its low input signal range. An RC filter network at each 
input of the signal amplifier is sufficient, as shown in Figure 16. 
In the case of a resistive signal source it may be necessary only 
to add the capacitors, as shown in Figure 18. The capacitors 
should be placed as close to the AD693 as possible. The value 
of the filter resistors should be kept low to minimize errors due 
to input bias current. Choose the 3dB point of the filter high 
enough so as not to compromise the bandwidth of the desired 
signal. The RC time constant of the filter should be matched to 
preserve the ac common-mode rejection. 

Figure 16. Optional Input Filtering 

INTERFACING PLATINUM RTDs 
The AD693 has been specially configured to accept inputs from 
lOOn Pll\tinum RIDs (Resistance Temperature Detectors). 
Referring to Figure 17, the RTD and the temperature stable 
lOOn resistor form a feedback network around the Auxiliary 
Amplifier resulting in a noninverting gain of (1 + R-rllOOO), 
where RT is the temperature dependent resistance of the RTD. 
The noninverting input of the Auxiliary Amplifier (Pin 2) is 
then driven by the 75mV signal from the Voltage Divider (Pin 
4). When the RTD is at 0, its 1000 resistance results in an 
amplifier gain of +2 causing Vx to be 15OmV. The Signal 
Amplifier compares this voltage to the 150mV output (Pin 3) so 
that zero differential signal results. As the temperature (and 
therefore, the resistance) of the RTD increases, Vx will likewise 
increase according to the gain relationship. The difference between 
this voltage and the zero degree value of 150m V drives the 
Signal Amp to modulate the loop current. The AD693 is pre-
calibrated such that the full 4-20mA output span corresponds to • 
a 0 to 104°C range in the RTD. (This assumes the European 
Standard of a =0.00385.) A total of6 precalibrated ranges for 
three-wire (or two-wire) RTDs are available using only the pin 
strapping options as shown in Table I. 

A variety of other temperature ranges can be realized by using 
different application voltages. For example, loading the Voltage 
Divider with a 1.5kO resistor from Pin 3 to Pin 6 (common) 
will approximately halve the original application voltages and 

T __ -- PIn Coaaectioao 

Oto +104"C 12 to 13 

Oto +211"C 12to13,and 
15 to 16 

+2S"Cto + 13O"C 12to14 

+SI"Clo +266"C 12 to 14, and 
ISI016 

-SO"Cto +SI"C 12 to 11 

- 100"C to + 104"C 12 to 11 and 
ISto16 

Table I. Precalibrated Temperature 
Range Options Using a European 
Standard 1001l RTD and the AD893 

Figure 17. D-to-104OCDirectThree-Wire 1001lRTDlnteriace, 
4-20mA Output 
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AD693 
allow for a doubling of the range of resistance (and therefore, 
temperature) required to fill the two standard spans. Likewise, 
increasing the application voltages by adding resistance between 
Pins 14 and 3 will decrease the temperature span. 

An external voltage divider may also be used in conjunction 
with the circuit shown to produce any range of temperature 
spans as well as providing zero output (4mA) for a non 0 tem
perature input. For example, measuring V x with respect to a 
voltage 2.385 times the excitation (rather than 2 times) will 
result in zero input to the Signal Amplifier when the RTD is at 
lOO"C (or 138.50). 

As suggested in Table I, the temperature span may also be 
adjusted by changing the voltage span of the Signal Amplifier. 
Changing the gain from 2 to 4, for example, will halve the tem
perature span to about 52°C on the 4-20mA output confJgUration. 
(See section "Adjusting Input Span".) 

The configuration for a three-wire RTD shown in Figure 17 can 
accommodate two-wire sensors by simply joining Pins I and 5 
of the AD693. 

INTERFACING LOAD CELLS AND METAL FOIL 
STRAIN GAGES 
The aVailability of the on-chip Voltage Reference, Auxiliary 
Amplifier and 3mA of excitation current make it easy to adapt 
the AD693 to a variety of load cells and strain gages. 

The circuit shown in Figure 18 illustrates a genera1ized approach 
in which the full flexibility of the AD693 is required to interface 
to a low resistance bridge. For a high impedance transducer the 
bridge can be directly powered from the 6.2V Reference. 

Component values in this example have been selected to match 
the popular standard of 2mVIV sensitivity and 3500 bridge 
resistance. Load cells are generally made for either tension and 
compression, or compression only; use of the 12mA zero tap 
allows for operation in the tension and compression mode. An 
optional zero adjustment is provided with values selected for 
:1: 2% FS adjustment range. 

Because of the low resistance of most foil bridges, the excitation 
voltage must be low so as not to exceed the available 4mA zero 

'''''' 

current. About IV is derived from the 6.2V Reference and an 
external voltage divider; the Aux-Amp is then used as a follower 
to make a stiff drive for the bridge. Similar applications with 
higher resistance sensors can use proportionally higher voltage. 

Fina1ly, to accommodate the 2mVIV sensitivity of the bridge, 
the full-scale span of the Signal Amplifier must be reduced. 
Using the load cell in both tension and compression with IV of 
excitation, therefore, dictates that the span be adjusted to 4m V. 
By substituting in the expression, Rsl =4000I[(3OmV/S) -I], 
the nominal resistance required to achieve this span is found to 
be 61.540. Calculate the minimum resistance required by sub
tracting lOOA> from 61.540 to allow for the interna1 resistor 
tolerance of the AD693, leaving 55.380 (See "Adjusting Input 
Span".) The standard value of 54.90 is used with a 200 poten
tiometer for full-scale adjustment. 

If a load 'cell with a precalibrated sensitivity constant is to be 
used, the resultant full-scale span applied to the Signal Amplifier 
is found by multiplying that sensitivity by the excitation 
voltage. (In Figure 18, the excitation voltage is actually 
(IOkO/62.3kO) (6.2V) = 0.995V), 

THERMOCOUPLE MEASUREMENTS 
The AD693 can be used with several types of thermocouple 
inputs to provide a 4-20mA current loop output corresponding 
to a variety of measurement temperature ranges. Cold junction 
compensation (CJC) can be implemented using an AD592 or 
AD590 and a few external resistors as shown in Figure 19. 

From Table II simply choose the type of thermocouple and the 
appropriate average reference junction temperature to select 
values for RcoMP and Rz . The C]C voltage is developed across 
RcoMP as a result of the AD592 IjJ.AIK output and is added to 
the thermocouple loop voltage. The 500 potentiometer is biased 
by Rz to provide the correct zero adjustment range appropriate 
for the divider and also translates the Kelvin scale of the AD592 
to °Celsius. To calibrate the circuit, put the thennocouple in an 
ice bath (or use a thermocouple simulator set to 0) and adjust 
the potentiometer for a 4mA loop current. 

The span of the circuit in "C is determined by matching the 
signa1 amplifier input voltage range to it's temperature equivalent 

*3IOO.2mYN ...... OPTIONAL INPUT FILlER 
E.G., SENSOTEC MODEL 41 ISEE TEXT) 
Al DESIGN MODEL ALD-UTC 

Figure 18. Utilizing the Auxiliary Amplifier to Drive a Load 
Cell, 12mA :t: 8mA Output 
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Figure 19. Thermocouple Inputs with Cold Junction 
Compensation 

30mV 60mV 
AMBIENT TEMP TEMP 

POLAIUTY MATEIUAL TYPE TEMP RCOMP RZ RANGE RANGE 

+ IRON J 25" 51':70 30IK 
546"<: 1035"<: 

- CONSTANTAN 75" 53.60 294K 

+ NICKEL-CHROME 25" 40.20 392K 
721"<: -

- NICKEL-ALUMINUM K 75" 42.20 374K 

+ NICKJlL.CHROME 25" 60.40 26IK 
E 413"<: 787"<: 

- COPPER·NICKEL 75" 64.90 243K 

+ COPPER 25" 40.20 392K 
T USEWITHGAIN>2 

- COPPER-NICKEL 75" 45.30 340K 

Table 11_ ThermocoupleApplication - Cold Junction Compensation Table 

via a set of thermocouple tables referenced to "C. For example, 
the output of a properly referenced type J thermocouple is 
60m V when the hot junction is at 103S"C. Table II lists the 
maximum measurement temperature for several thermocouple 
types using the preadjusted 30mV and 60mV input ranges. 

More convenient temperature ranges can be selected by deter
mining the full-scale input voltages via standard thermocouple 
tables and adjusting the AD693 span. For example, suppose 
only a 300"C span is to be measured with a type K thermocouple. 
From a standard table, the thermocouple output is 12.207mV; 
since 60m V at the signal amplifier corresponds to a 16mA span 
at the outputa gain of 5, or more precise1y6OmVlI2.207mV =4_915 
will be needed. Using a 12.207mV span in the gain resistor 
formula given in "Adjusting Input Span" yields a value of about 
2700 as the minimum from PI to 6.2V. Adding a son poten
tiometer will allow ample adjustment range. 

With the connection illustrated, the AD693 will give a full-scale 
indication with an open thermocouple. 

ERROR BUDGET ANALYSIS 
Loop-Powered Operation specifications refer to parameters 
tested with the AD693 operating as a loop-poWered transmitter. 
The specifications are valid for the preset spans of 30m V, 60m V 
and those spans in between. The section, "Components of Error", 
refers to parameters tested on the individual functional blocks, 
(Signal Amplifier , VII Converter, Voltage Reference, and Auxiliary 
Amplifier). These can be used to get an indication of device 
performance when the AD693 is used in local power mode or 
when it is adjusted to spans of less than 3OmV. 

REV. A 

Table III lists the expressions required to calculate the total 
error. The AD693 is tested with a 2500 load, a 24V loop supply 

RTleo.tributioutoOl&etEnw 
__ 

I.. ZeroCurrcntllnor 
PSRR Power Supply R.jection Ratio 
CMRR Common-ModeRejcctionRatio 
lOS InputOflioetCurrcnt 

RTI Coabibutioao to SpoaEnw 
Enw_ 

XsE Transcouductao<c Error 
XPSRR. Transamduct:ance PSRR.1 

Xcauu. T......,..,..w:tallCCCMRR 
XNL NmiliDcarity 
IDJPF DiffereutiallnputCurrcnt' -I. ZeroCurrcnt(....ny4mA) 
Is Outpu .. pon(....nyl6mA) 
Rs Inpuuoura:impedanc:e 
RL Loadresistancc 
VLOOP Loopsupplyvol_ 
VCM Input .............. modevvImF 
VSPAN InPUtspID 
Xs Nominal UUIs<oIIductaD<:e in AIV 

&pIeuiooforRTlEnwotz.... 

IWXs 
QVLOOP -24VJ +[JR.L -25001 x Izl) x PSRR 
IVCM -3.IVI x CMRR 
Rs x lOS 

&pnuioaforRTIEnwotFuUSeale 

VSPAN X XU 
IRL - 2500 x Is x PSRR 
IVCM -3.IVJ x vSPAN x Xcauu. 
VSPAN xXNL 

Rs X IllIFF 

'The 4-2OmA siptaI. fIowiDg tIIrouIh the meteriJt& resistor. modulates the power BUpply 
voI_ seen by tho AD693. The c:IwJa<: in voI __ a power supply rcjcc:tion """" 
that varies with the outpUt current, thus it appears 81 I .pm error. 

'Tbeinputbiu=tofthoinveniDginputinc:reaJeswithinputsiptalwl_. The_tiaI 
input c:una.t, IDIPP' equals the inftI'tiDJ input curreo.t minus the DODiDvertiDa input c:tU'I'CIlt; 
see Fipre 2. IDlJlFJ flowiaa into aD input aoumc inpcdanc:e, will cause aD input voltage 
....... that _ with sisaaI. If the c:IwJa<: in _tiaI input c:urrc1lI with input sisaaI is 
approximated. u a1iDear functic:mJ then any error due to sourc:c .im.pedaDc:c may be approximated 
os a opIII emIr. To caIc:uIare IDIPP. refer to F ...... 211ld fiDd the va1ue fOr 1".,..1+ In cor
re5)lCIl1CIiDa to tho full...,.., input vvImF fOr your applk:ation. Multiply by + In .... to ... 
IDI .. ' Multiply IDIPP by the """"" .im.pedaDc:c to ... the input w1_ error at full sc:a1e. 

Table III. RTI Contributions to Span and Offset Error 
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AD693 
and an input common-mode voltage of 3.IV. The expressions 
below calculate errors due to deviations from these nominal 
conditions. 

The total error at zero consists only of offset errors. The total 
error at full scale consists of the offset errors plus the span 
errors. Adding the above errors in this manner may result in an 
error as large as 0.8% of full scale, however, as a rule, the AD693 
performs better as the span and offset errors do not tend to add 
worst case. The specification "Total Unadjusted Error", (TUE), 
reflects this and gives the maximum error as a % of full scale 
for any point in the transfer function when the device is operated 
in one of its preset spans, with no external trims. The TUE is 
less than the error you would get by adding the span and offset 
errors worst case. 

Thus, an alternative way of calculating the total error is to start 
with the TUE and add to it those errors that result from operation 
of the AD693 with a load resistance, loop supply voltage, or 
common-mode input voltage different than specified. (See Example 
I below.) 

ERROR BUDGET FOR SPANS LESS THAN 30mV 
An accommodation must be made to include the input voltage 
offset of the signal amplifier when the span is adjusted to less 
than 3OmV. The TUE and the Zero Current Error include the 
input offset voltage contribution of the signal amplifier in a gain 
of 2. As the input offset voltage is multiplied by the gain of the 
signal amplifier, one must include the additional error when the 
signal amplifier is set to gains greater than 2. 

For example, the 300K span thermocouple application discussed 
previously requires a 12.207mV input span; the signal amplifier 
must be adjusted tO,a gain of approximately 5. The loop trans

conductance is now 1.333 AIV, (5 x 0.2666 AN). Calculate the 
total error by substituting the new values for the transconductance 
and span into the equations in Table III as was done in Example 
I. The error contribution due to Vos is 5 x Vos, however, since 
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2 x Vos is already included in die TUE and the Zero Current 
Error it is necessary to add an error of only (5 - 2) x Vos to the 
error budget. Note that span error may by reduced to zero with 
the span trim, leaving only the offset and nonlinearity of the 
AD693. 

EXAMPLE. 
The AD693 is configured as a 4-20mA loop powered transmitter 
with a 60mV FS input. The inputs are driven by a differential 
voltage at 2V common mode with a 300n balanced source resis
tance. A 24V loop supply is used with a soon metering resistance. 
(See Table IV below.) 

Trimming,the offset and span for your application will remove 
all span and offset errors except the nonlinearity of the AD693. 

OFFSET ERRORS 
Iz Ahadyn>dud.,UntheTUE_, O,OP.V 

PSIIR PSRR=S,6~VN;(j24V -24VI + [Isoon -2S01li x 4mAJ) x 5,~VN = 5,~V 
VLOOP = 24V 
RL = 5000 lz = 4mA 

CMU CMRR = 3OtIoVN;12V -3.1"1 x 30p.VN = 33.Of.I.V 
VCM.=2V 

lOS lOS = lnA,Its =lOOO;3OOll x lnA = O,9p.V 
T .... __ .. 4mA 39,5~V 

AI%offuUS<:8le;(l9,5~V x O,2666cVVY2OmA x 100% = O,OSl%ofFS 

SPANERRORS 

XsE A1ready iDcludcd in theTIJEspec. O.Op.V 

x...... PSRR = S,~VN;Qsoon -25001 x 16mA) x S,6~VN = 22.4~V 
RL= SOOO,Js=l6mA 

x...... x......-O,06%IV;I2V-l,IVl x 6OmVxO,06%IV= 39,6~V 
VCM -lV, VSPAN = 60mV 

ImFP VSPAN = +6OmV;3000 x 2 x ZOnA 12.0.,.V 
1..,.,1+ In = 2 
fromFigurc2) 

XNL Aln:adyiDcludedintheTUE O.Op.V 

T_AcIcIiIioul~_ .. F1dlSoo\e 74,O"V 

TotalAdditioDalErroratFuIlScak:;EoFPsIrr + £SPAN "" 39.5p.V + 74.Op.V = 113.5JA.V 
AI%ofFulI Scale; (lll.s"V x O,2666cVVY2OmAx 100% = O,151%ofFS 

NewTotalUaacljIlltwxlEnar@FS;ETUIl+EADDITIONAL=0.5%+0.151%== 0.651%ofFS 

Table/V. Example 7 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
4-20 mAo 0-20 mA Output Ranges 
Precalibrated Input Ranges: 

o V to 2 V. 0 V to 10 V 
Precision Voltage Reference 

Programmable to 2.000 V or 10.000 V 
Single or Dual Supply Operation 
Wide Power Supply Range: +4.5 V to +36 V 
Wide Output Compliance 
Input Buffer Amplifier 
Open-Loop Alarm 
Optional External Pass Transistor to Reduce 

SeH-Heating Errors 
0.002% typ Nonlinearity 

PRODUCT DJ;!SCRIPTION 
The AD694 is a monolithic current transmitter that accepts high 
level signal inputs to drive a standard 4-20 rnA current loop for 
the control of valves, actuators, and other devices commonly 
used in process control. The input signal is buffered by an input 
amplifier that can be used to scale the input signal or buffer the 
output from a current mode DAC. Precalibrated input spans of 
o V to 2 V and 0 V to 10 V are selected by simple pin strap
ping; other spans may be programmed with external resistor. 

The output stage compliaIlce extends to within 2 V of V s and its 
special design allows the output voltage to extend below com
mon in dual supply operation. An a1arm warns of an open 4 to 
20 rnA loop or noncompliance of the output stage. 

Active laser trimming of the AD694's thin film resistors results 
in high levels of accuracy without the need for additional adjust
ments and calibration. An external pass transistor may be used 
with the AD694 to off-load power dissipation, extending the 
temperature range of operation. 

The AD694 is the ideal building block for systems requiring 
noise inunune 4-20 mA signal transmission to operate valves, 
actuators, and other control devices, as well as for the transmis
sion of process parameters such as pressure, temperature, or 
flow. It is recommended as a replacement for discrete designs in 
a variety of applications in industrial process control, factory 
automation, and system monitoring. 

The AD694 is available in hermetically seaied, 16-pin cerdip and 
plastic SOIC, specified over the -40°C to +85°C industrial tem
perature range, and in a 16-pin plastic DIP, specified over the 
o to + 700C temperature range. 

'Protected by U.S. Patents: 30,586; 4,250,445; 4,857,862. 
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,OY 
FORCE 

4-20 rnA Transmitter 
AD694* I 

FUNCTIONAL BLOCK DIAGRAM 

BWADJ Vs 

SE~':~ (8)-+=~.J 

2V COM 4mA 4mA 
FS ONIOFF ADJ 

PRODUCT HIGHLIGHTS 
1. The AD694 is a complete voltage in to 4-20 rnA out current 

transmitter. 

2. Pin programmable input ranges are pre-calibrated at 0 V to 
2 V and 0 V to 10 V. 

3. The input amplifier may be configured to buffer and scale 
the input voltage, or to serve as an output amplifier for cur
rent output DACs. 

4. The output voltage compliance extends to within 2 V of the 
positive supply and below common. When operated with a 
5 V supply, the output voltage compliance extends 30 V be
low common. 

5. The AD694 interfaces directly to 8-, 10-, and 12-bit single 
supply CMOS and bipolar DACs. 

6. The 4 rnA zero current may be switched on and off with a 
TTL control pin, allowing ()"20 mA operation. 

7. An open collector alarm warns of loop failure due to open 
wires or noncompliance of the output stage. 

8. A monitored output is provided to drive an external pass 
transistor. The feature off-loads power dissipation to extend 
the temperature range of operation and minimize self-heating 
error. 
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AD694-SPECIFICATIONS (@ +25°C, RL = 250 {} and Vs = +24 V, unless otherwise noted) 

Model AD694JN/AQ/AR AD694BQIBR 
Min Typ Max Min Typ Max Units 

INPUT CHARACTERISTICS 
Input Voltage Range -0.2 Vs-2.0V Vs -2.5 V -0.2 Vs-2.0 V Vs -2.5 V V 
Input Bias Current 

Either Input, Tmin to Tmax 1.5 5 1.5 5 nA 
Offset Current, T min to T max ±O.I ±1 ±O.I ±1 nA 
Offset Current Drift ±1.0 ±5.0 ±1.0 ±5.0 pArC 

Input Impedance 5 5 Mil 

OUTPUT CHARACTERISTICS 
Operating Current Range 0 23 0 23 mA 
Specified Performance 4 20 4 20 mA 
Output Voltage Compliance Vs-36 V Vs-2V Vs-36 V Vs -2V V 
Output Impedance, 4-20 rnA 40.0 50.0 40.0 50.0 Mil 
Current Limit @ 2 x FS Overdrive 24 44 24 44 mA 
Slew Rate 1.3 1.3 mNl1s 

SPAN AND ZERO ACCURACY' 
4 rnA Offset Error @ 0 V Input2 

Error from 4.000 mA, 4 rnA On ±IO ±20 ±5 ±10 I1A 
Error from 0.000 mA, 4 mA Off 0 +10 +20 0 +5 +10 I1A 
Tmin to Tmax ±IO ±4O ±5 ±20 I1A 
vs. Supply (2 V Span/1O V Span) 0.3/0.05 0.810.4 0.3/0.05 0.8/0.4 ~ 
Trim Range, 4 rnA Zero 2.0 4.8 2.0 4.8 mA 

Span 
Nominal Transfer Function 

Input FS = 2 V 8.0 8.0 mNV 
Input FS = 10 V 1.6 1.6 mNV 

Transfer Function Error from Nom, 
Input FS = 2 V, 10 V ±O.I ±0.3 ±0.05 ±0.15 % of Span 
Tmin to Tmax ±0.002 ±0.005 ±O.OOI ±0.0025 % ofSpanl"C 
vs. Supply ±O.OOI ±0.005 ±O.OOI ±0.OO5 % ofSpan/V 
Nonlinearity' ±0.005 ±0.015 ±O.OOI ±0.005 % of Span 

4 rnA On: Max Pin 9 Voltage 0.8 0.8 V 
4 rnA Off: Min Pin 9 Voltage 3.0 2.5 3.0 2.5 V 

VOLTAGE REFERENCE 
Output Voltage: 10 V Reference 9.%0 10.000 10.040 9.980 10.000 10.020 V 
Output Voltage: 2 V Reference 1.992 2.000 2.008 1.9% 2.000 2.004 V 

Tmin to Tmax4 30 50 20 30 ppmf'C 
vs. Load, VREF = 2 V, 10 V 0.15 0.50 0.15 0.50 mVlrnA 
vs. Supply, VREF = 2 V, 10 V ±O.OOI ±0.005 ±O.OOI ±0.005 %N 
Output Current 

Source 5 5 mA 
Sink 0.2 0.2 mA 

ALARM CHARACTERISTICS 
VCE(SAT) @ 2.5 rnA 0.35 0.35 V 
Leakage Current ±1 ±1 I1A 
Alarm Pin Current (Pin 10) 20 20 rnA 

POWER REQUIREMENTS 
Specified Performance 24 24 V 
Operating Range 

2 V FS, VREF = 2 V 4.5 36 4.5 36 V 
2 V, 10 V FS, VREF = 2 V, 10 V 12.5 36 12.5 36 V 

Quiescent Current, 4 rnA Off 1.5 2.0 1.5 2.0 rnA 

TEMPERATURE RANGE 
Specified Performances AD694AQIBQlARlBR -40 +85 -40 +85 °C 

AD694JN 0 +70 0 +70 °C 
Operating AD694AQIBQ/ARlBR -55 +125 -55 +125 °C 

AD694JN -40 +85 -40 +85 °C 
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AD694 
Model AD694JN/AQ/AR AD694BQIBR 

Min Typ Max Min Typ Max Units 

BUFFER AMPLIFIER6 

Input Offset Voltage 
Initial Offset ±150 ±SOO ±50 ±SOO ",V 
Tmin to Tmax ±Z ±3 ±Z ±3 ",vrc 
vs. Supply 80 90 80 90 dB 
vs. Common Mode 80 90 80 90 dB 
Trim Range ±2.S ±4.0 ±2.S ±4.0 mV 

Frequency Response 
Unity Gain, Small Signal 300 300 kHz 

Input Voltage Noise (0.1 to 10 Hz) 2 2 ",Vp-p 
Open-Loop Gain 

Vo= +lOV,RL 20: 10kO 50 50 VlmV 
Output Voltage @ Pin I, FB 1 

Minimum Output Voltage 1.0 10 1.0 10 mV 
Maximum Output Voltage Vs-Z.5 V Vs-Z V Vs-2.5 V Vs-Z V V 

NOTES 
IThe single supply op amps of the AD694, lacking pull down current, may not reach 0.000 V at their outputs. For this reaSOD, span, offset, and nonlinearity are 
specified with the input amplifiers operating in their linear range. The input voltage used for the tests is 5 mV to 2 V and 5 mV to 10 V for the two pre
calibrated input ranges. Span and zero accuracy are tested with the buffer amplifier configured as a follower. 

20ffset at 4 rnA out and 0 rnA out are extrapolated to 0.000 V input from measurements made at 5 mV and at full scale. See Note 1. 
3Nonlinearity is specified as the maximum deviation of the output, as a % of span, from a straight line drawn through the endpoints of the transfer function. 
4Voltage reference drift guaranteed by the Box Method. The voltage reference output over temperature will fall inside of a box whose length is determined by 
the temperature range and whose height is determined by the maximum temperature coefficient multiplied by the temperature span in degrees C. 

5Devices tested at these temperatures with a pass transistor. Allowable temperature range of operation is dependent upon internal power dissipation. Absolute 
maximum junction and case temperature should not be exceeded. See section: "Power Dissipation Considerations." 

6Buffer amplifier specs for reference. Buffer amplifier offset and drift already included in Span and Zero accuracy specs above. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........................... +36 V 
Vs to lOUT •..•....••••••••...•.....•••• +36 V 
Input Voltage, (Either Input Pin Z or 3) .... -0.3 V to + 36 V 
Reference Short Circuit to Common ........... Indefinite 
Alarm Voltage, Pin 10 ...................... +36 V 
4 rnA Adj, Pin 6 ........................... + I V 
4 rnA On/Off, Pin 9 .................... 0 V to 36 V 
Storage Temperature Range 

AD694Q ..................... -65°C to + 150°C 
AD694N, R ................... -65°C to + 125°C 

Lead Temperature, 10 sec Soldering ............ + 300°C 
Maximum Junction Temperature ............... + 150°C 
Maximum Case Temperature 

Plastic Package (N, R) .................. + 125°C 
Cerdip Package (Q) .................... + 125°C 

Transistor Count: .................. 75 Active Devices 
Substrate Connection: .................. to Com, Pin 5 

Thermal Characteristics: 
Plastic (N) Package: a]C = 50°ClWatt 

aCA (Still Air) = 85°ClWatt 
Cerdip (Q) Package: a]C = 30°ClWatt III 

aCA (Still Air) = 70°ClWatt I 
Plastic (R) Package: a]C = Z7"ClWatt 

6CA (Still Air) = 73°C/Watt 

ESD Susceptibility 
All pins are rated for a minimum of 4000 V protection, except 
for Pins Z, 3 and 9 which are rated to survive a minimum of 
1500 V. ESD testing conforms to Human Body Model. Always 
practice ESD prevention. 

No pin, other than lOUT (II) and ±Sig (Z), (3) as noted, may be permitted to become more negative than Com (5). No pin may be 
permitted to become more positive than V s (13). 

PIN CONFIGURATION (N, R, Q Package) 

FB Vos ADJUST 

Vos ADJUST 

+SIG BWADJUST 

Vs 

BOOST 

4mAADJUST lOUT 

ALARM 

2V(SENSE) 4mA ON/OFF 

REV. A 

ORDERING GUIDE 

Temperature Package 
Model Range Options* 

AD694JN O°C to +70°C N-16 
AD694AQ -40°C to + 85°C Q-16 
AD694AR -40°C to + 85°C R-16 
AD694BQ -40°C to +85°C Q-16 
AD694BR -40°C to + 85°C R-16 

*N ~ Plastic DIP; Q ~ Cerdip; R ~ SOIC. For 
outline information see Package Information 
section. 
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Figure 1. Functional Block Diagram 
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FUNCTIONAL DESCRIPTION 

40 

60 

The operation of the AD694 can best be understood by dividing 
the circuit into three functional parts (see Figure 1). First, a 
single supply input amplifier buffers the high level, single-ended 
input signal. The buffer amplifier drives the second section, a 
voltage to current (V II) converter, that makes a 0 to 16 rnA sig
nal dependent current. 

The third section, a voltage reference and offset generator, is 
responsible for providing the 4 rnA offset current signal. 

BUFFER AMPLIFIER 
The buffer amplifier is a single supply amplifier that may be 
used as a unity gain buffer, an output amplifier for a current 
output D/A converter, or as a gain block to amplify low level 
signals. The amplifier's PNP input stage has a common-mode 
range that extends from a few hundred mV below ground to 
within 2.5 V of V s' The Class A output of the amplifier appears 
at Pin 1 (FB). The output range extends from about I mV 
above common to within 2.5 V ofVs when the amplifier is op
erated as a follower. The amplifier can source a maximum load 
of 5 kG, but can sink only as much as its internal 10 kG pull
down resistor allows. 
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VII CONVERTER 
The ground referenced, input signal from the buffer amplifier is 
converted to a 0 to 0.8 rnA current by A2 and level shifted to 
the positive supply. A current mirror then mUltiplies this signal 
by a factor of 20 to make the signal current of 0 to 16 rnA. This 
technique allows the output stage to drive a load to within 2 V 
of the positive supply (V s)' Amplifier A2 forces the voltage at 
Pin 1 across resistors Rl and R2 by driving the Darlington tran
sistor, Q2. The high gain Darlington transmits the resistor cur
rent to its collector and to R3 (900 0). A3 forces the level 
shifted signal across the 45 0 resistor to get a current gain of 
20. The transfer function of the VII stage is therefore: 

lOUT = (20 x V(PINl)) I (Rl + R2) 

resulting in a 0-16 rnA output swing for a 0-10 V input. Tying 
Pin 4 (2 V FS) to ground shorts out R2 and results in a 2 V 
full-scale input for a 16 rnA output span. 

The output stage of the VII converter is of a unique design that 
allows the loUT pin to drive a load below the common (sub
strate) potential of the device. The output transistor can always 
drive a load to a point 36 V below the positive supply (V s)' An 
optional NPN pass transistor can be added to transfer most of 
the power dissipation off-chip, to extend the temperature range 
of operation. 

The output stage is current-limited at approximately 38 rnA to 
protect the output from an overdrive at its inputs. The VII will 
allow linear operation to approximately 24 rnA. The VII con
verter also has an open collector alarm (Pin 10) which warns of 
open-circuit condition at the lOUT pin or of attempts to drive 
the output to a voltage greater than V s - 2 V. 

4 rnA OFFSET GENERATOR 
This circuit converts a constant voltage from the voltage refer
ence to a constant current of approximately 200 fLA. This cur
rent is summed with the signal current at Pin 14 (BW Adjust), 
to result in a constant 4 rnA offset current at lOUT' The 4 rnA 
Adj (Pin 6) allows the offset current to be adjusted to any cur
rent in the range of 2 rnA to 4.8 rnA. Pin 9 (4 rnA On/Off) can 
shut off the offset current completely if it is lifted to 3.0 V or 
more, allowing 0 to 20 rnA operation of the AD694. In normal 
4-20 rnA operation, Pin 9 is connected to ground. 

10V 
VOLTAGE 

REFERENCE 

VIN =OT010V 

AD694 
VOLTAGE REFERENCE 
A 2 V or 10 V voltage reference is available for user applica
tions, selectable by pin-strapping. The 10 V option is available 
for supply voltages greater than 12.5 V, the 2 V output is avail
able over the whole 4.5 V - 36 V power supply range. The ref
erence can source up to 5 rnA for user applications. A boost 
transistor can be added to increase the current drive capability 
of the 2 V mode. 

APPLYING THE AD694 
The AD694 can el\sily be connected for either dual or single 
supply operation, to operate from supplies as low as 4.5 V and 
as high as 36 V. The following sections describe the different 
connection configurations, as well as adjustment methods. 
Table I shows possible connection options. 

Table I. Precalibrated Ranges for the AD694 

Input Output Voltage Min 
Range Range Reference Vs Pin 9 Pin 4 

0-2 V 4-20 rnA 2V 4.5 V Pin 5 Pin 5 
0-10 V 4-20 rnA 2V 12.5 V Pin 5 Open 
0-2.5 V 0-20 rnA 2V 5.0V "'=3 V Pin 5 
0-12.5 V 0-20 rnA 2V 15.0 V ",=3 V Open 
0-2 V 4-20 rnA lOY 12.5 V Pin 5 Pin 5 
0-10 V 4-20 rnA lOY 12.5 V Pin 5 Open 
0-2.5 V 0-20 rnA lOY 12.5 V "'=3 V Pin 5 
0-12.5 V 0-20 rnA lOY 15.0 V "'=3 V Open 

BASIC CONNECTIONS: 12.5 V SINGLE SUPPLY 
OPERATION WITH 10 V FS 

PinS 

Pin 7 
Pin 7 
Pin 7 
Pin 7 
Open 
Open 
Open 
Open 

Figure 2 shows the minimal connections required for basic oper
ation with a + 12.5 V power supply, 10 V input span, 4-20 rnA 
output span, and a 10 V voltage reference. The buffer amplifier 
is connected as a voltage follower to drive the VII converter by 
connecting FB (Pin 1) to -Sig (Pin 2).4 rnA On/Off (Pin 9) is 
tied to ground (Pin 5) to enable the 4 rnA offset current. The 
AD694 can drive a maximum load RL = [V s - 2 Vjl 20 rnA, 
thus the maximum load with a 12.5 V supply is 525 O. 

Figure 2. Minimal Connections for 0-10 V Single-Ended Input, 4-20 mA Output, 10 V Reference Output 
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AD694 
SELECTING A 2 V FULL-SCALE INPUT 
The 2 V full-scale option is selected by shorting Pin 4 (2 V FS) 
to Pin 5 (Common). The connection should be as short as possi
ble; any parasitic resistance will affect the precalibrated span 
accuracy. 

SELECTING THE 2 V VOLTAGE REFERENCE 
The voltage reference is· set to a 2 V output by shorting Pin 7 
to Pin 8 (10 V Force to 2 V Sense). If desired, the 2 V ref
erence can be set up for remote force an.d sense connection. 
Keep in mind that the 2 V Sense line carries a constant current 
of 100 ItA that could cause an offset error over long wire runs. 
The 2 V reference option can be used with all supply voltages 
greater than 4.5 V. 

An NPN boost transistor can be added in the 2 V mode to in
crease the current drive capability of the 2 V reference. The 
10 V force pin is connected to the base of the NPN, and the 
NPN emitter is connected to the 2 V sense pin. The minimum 
Vs of the part increases by approximately 0.7 V. 

4.5 V SINGLE SUPPLY OPERATION 
For operation with a +4.5 V power supply, the input span and 
the voltage reference output must be reduced to give the ampli
fiers their required 2.5 V of head room for operation. This is 
done by adjusting the AD694 for 2 V full-scale input, and a 
voltage reference output of 2 V as described above. 

GENERAL DESIGN GUIDELINES 
A 0.1 ",F decoupling capacitor is recommended in all applica
tions from V s (Pin 13) to Com (Pin 5). Additional components 
may be required if the output load is nonresistive, see section on 
driving nonresistive loads. The buffer amplifier PNP inputs 
should not be brought more than -0.3 V of common, or they 
will begin to source large amounts of current. Input protection 
resistors must be added to the inputs if there is a danger of this 
occurring. The output of the buffer amplifier, Pin 1 (FB), is not 
short circuit protected. Shorting this pin to ground or V s with a 
signal present on the amplifier may damage it. Input signals 
should not drive Pin 1 (FB) directly; always use the buffer am
plifier to buffer input signals. 

DRIVING NONRESISTIVE LOADS 
The AD694 is designed to be stable when driving resistive 
loads. Adding a 0.01 ",F capacitor from lOUT (Pin 11) to Com 
(Pin 5), as shown in Figure 3, insures the stability of the AD694 
when driving inductive or poorly defmed loads. This capacitor is 
recommended when there is any uncertainty as to the character
istics of the load. 

02 

Figure 3. Capacitor Utilized When Driving Nonresistive 
Loads; Protection Diodes Used When Driving Inductive 
Loads 
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Additional protection is recommended when driving inductive 
loads. Figure 3 shows two protective diodes, Dl and D2, added 
to protect against Voltage spikes that may extend above V s or 
below common that could damage the AD694. These diodes 
should be used in addition to the 0.01 ",F capacitor. When the 
optional NPN transistor is used, the capacitor and diodes should 
connect to the NPN emitter instead of Pin 11. 

0-20 mA OPERATION 
A 0-20 mA output range is available with the AD694 by remov
ing the 4 mA offset current with the 4 mA On/Off pin. In nor
ma! 4-20 mA operation 4 mA On/Off (Pin 9) is tied to ground, 
enabling the 4 mA off~t current. Tying Pin 9 to a potential of 
3 V or greater turns off the 4 mA offset current; connecting Pin 
9 to the 10 V reference, the positive supply, or a TTL control 
pin, is a convenient way to do this. In 0-20 mA mode the input 
span is increased by 20%, thus the precalibrated input spans of 
2 V and 10 V become 2.5 V and 12.5 V. Minimum supply volt
ages for the two spans increase to 5 V and 15 V. 

The 4 mA On/Off pin may also be used as a "jiggle pin" to un
stick valves or actuators, or as a way to shut off a 4-20 mA loop 
entirely. Note that the pin only removes the 4 mA offset and 
not the signal current. 

DUAL SUPPLY OPERATION 
Fignre 4 shows the AD694 operated in dual supply mode. (Note 
that the pass transistor is shown for illustration and is not re
quired for dual supply operation.) The device is powered com
pletely by the positive supply which may be as low as 4.5 V. 
The unique design of the output stage allows the lOUT pin to 
extend below common to a negative supply. The output stage 
can source a current to a point 36 V below the positive supply. 
For example, when operated with a + 12.5 V supply, the AD694 
can source a current to a point as low as 23.5 V below common. 
This feature can simplify the interface to dual supply DI A con
verters by eliminating grounding and level-shifting problems 
while increasing the load that the transmitter is able to drive. 
Note that the lOUT pin is the only pin that should be allowed to 
extend lower than -0.3 V of common. 

OPERATION WITH A PASS TRANSISTOR 
The AD694 can operate as a stand-alone 4-20 mA converter 
with no additional active components. However, provisions have 
been made to connect loUT to the base of an external NPN pass 
transistor as shown in Figure 4. This permits a majority of the 
power dissipation to be moved off-chip to enhance performance 
and extend the temperature range of operation. Note that the 
positive output voltage compliance is reduced by approximately 
0.7 V, the VaH of the pass device. A 50 n resistor should be 
added in series with the pass transistor collector, when the 
AD694 is operated with dual supplies, as shown in Figure 4. 
This will not reduce the voltage compliance of the output stage. 

The external pass transistor selected should have a BV CEO 

greater than the intended supply voltage with a sufficient power 
rating for continuous operation with 25 mA current at the sup
ply voltage. Ft should be in the 10 MHz to 100 MHz range and 
13 should be greater than 10 at a 20 mA emitter current. Heat 
sinking the externa1 pass transistor is suggested. 
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Figure 4. Using Optional Pass Transistor to Minimize Self
Heating Errors; Dual Supply Operation Shown 

POWER DISSIPATION CONSIDERATIONS 
The AD694 is rated for operation over its specified temperature 
without the use of an external pass transistor. However, it is 
possible to exceed the absolute maximum power dissipation, 
with some combinations of power supply voltage and voltage 
reference load. The internal dissipation of the part can be calcu
lated to determine if there is a chance that the absolute maxi
mum dissipation may be exceeded. The die temperature must 
never exceed ISO'C. 

Total power dissipation (PTOT)' is the sum of power dissipated 
by the internal amplifiers, P (Standing), the voltage reference, 
P (VREP) and the current output stage, P(louT) as follows: 

ProT = P(Standing) + P(VREF) + P(IOUT) 

where: 

P (Standing) = 2 mA (max) x V s 
P (V REF) = (V s - V REP) X IVREP 

P (lOUT) = (Vs - VOUT) X lOUT (max): 

lOUT (max) may be the max expected operating cur
rent, or the overdriven current of the device. 

P (lOUT) drops to (2 Volts x lOUT) if a pass transistor 
is used. 

Definitions: 
V REF = output voltage of reference 
I VREF = output current of reference 
V s = supply voltage 
V OUT = voltage at lOUT pin. 

An appropriate safety factor should be added to P TOT-

The junction temperature may be calculated with the following 
formula: 

Tj = P TOT (OjC + 0CA) + TAMBIENT 

!lJC is the thermal resistance between the chip and the package 
(case), OCA is the thermal resistance between the case and its 
surroundings and is determined by the characteristics of the 
thermal connection of the case to ambient. 

REV. A 

For example, assume that the part is operating with a V s of 
24 V in the cerdip package at SO'C, with a I mA load on the 
10 V reference. Assume that lOUT is grounded and that the max 
lOUT would be 20 mAo The internal dissipation would be: 

peroT) = 2mAx24 V + (24 V- 10 V) x lmA + (24 V-OV) x 20mA 

= 48mW + 14 mW + 480mW = 542 mW 

Using 0Jc of 30'C/Watt and !lCA of 70'C/Watt, (from spec page) 
the junction temperature is: 

Tj = 542 mW (300CIW + 70'C/W) +500C = J04.2'C 

The junction temperature is in the safe region. 

Internal power dissipation can be reduced either by reducing the • 
value of OCA through the use of air flow or heat sinks, or by re-
ducing P( TOT) of the AD694 through the use of an external pass 
transistor. Figure 5 shows the maximum case and still air tem-
peratures for a given level of power dissipation. 
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AD694 
ADJUSTMENT PROCEDURES 
The following sections describe methods for trimming the out
put current offset, the span and the voltage reference. 

ADJUSTING 4 rnA ZERO 
The 4 mA zero current may be adjusted over the range of 2 mA 
to 4.8 mA to accommodate large input signal offsets, or to allow 
small adjustment in the zero current. The zero may be adjusted 
by pulling up or down on Pin 6 (4 mA Adj) to increase or de
crease the nominal offset current. The 4 mA Adj. (Pin 6) should 
not be driven to a voltage greater than 1 V. The arrangement of 
Figure 6 will give an approximately linear adjustment of the 
4 mA offset within fixed limits. To frod the proper resistor val
ues, first select X, the desired range of adjustment as a fraction 
of 4 mA. Substitute this value in the appropriate formula below 
along with the chosen reference output voltage (V REP = 2 V or 
10 V usually), to determine the resistor values required. 

Rp = 180 0 (1 /X - 4.5) 

Rp = 500 0 {(VREP / 1.22 V) -0.18 - 0.82X]{I1X - 4.5J 

These formulae take into account the ± 10% internal resistor 
tolerance and ensure a minimum adjustment range for the 4 mA 
offset. For example, assume the 2 V reference option has been 
selected. Choosing X = 0.05; gives an adjustment range of ±S% 
of the 4 mA offset. 

Rp = 180 fl (1/0.05 - 4.5) = 2.79 kfl 

Rp = 500 fl [(2 V / 1.22) - 0.18 - 0.82 x 0.05]{l/0.05 - 4.5J 
= 10.99 kfl 

These can be rounded down to more convenient values of 
2.5 kO and 9.76 kO. In general, if the value of Rp is rounded 
down slightly, the value of Rp should be rounded down propor
tionately and vice versa. This helps to keep the adjustment 
range symmetrical. 

Figure 6. Optional 4 mA Zero Adjustment 

ADJUSTING SPAN FOR 10 V FS 
When the AD694 is configured with a 10 V input full-scale the 
span maybe adjusted using the network shown in Figure 7. This 
scheme allows an approximately linear adjustment of the span 
above or below the nominal value. The span adjustment does 
not interact with the 4 mA offset. To select Rs and Rn choose 
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Figure 7. Span Adjustment, 10 V Full Scale 

X, the desired adjustment range as a fraction of the span. Sub
stitute this value in the appropriate formula below. 

RT = 1.8 kO «1 - X)/ X) 

Rs = 9 kO[ 1 - 0.2 (1 + X)( 1 - X )J / 2X 

These formulae take into account the ± 10% absolute resistor 
tolerance of the internal span resistors and ensures a minimum 
adjustment range of the span. For example, choosing the adjust
ment range to be ±2%, or 0.02 gives: 

RT = 1.8 kO((l - 0.02) / 0.02) = 88.2 kO 

Rs = 9 kO { 1 - 0.2 (1 + 0.02)( 1 - 0.02 )J / (2 x 0.02) = 
175.5 kO 

These values can be rounded up to the more convenient values 
of 100 kO and 198 kO. In general, if RT is rounded up, then 
the value of Rs should be rounded up proportionally and vice 
versa. 

ADJUSTING SPAN FOR 2 V FS 
The precalibrated 2 V full-scale range requires a different ad
justment scheme due to the single supply nature of the AD694. 
Figure 8 shows an adjustment scheme that allows an approxi
mately linear adjustment of the 2 V span plus or minus the 
nominal value. The span adjustment does not affect the value of 
the 4 mA offset current. 

To find the proper resistor values first select X, the desired 
range of adjustment as a fraction of the output span. Substitute 
this value into the following formulae: 

RA = 2 x X X RB where RB is greater than 5 K 
Rc = (2.75 kO x X) / (1 - 0.275X) 

These formulae take into account the ± 10% absolute tolerance 
of the internal span resistors and ensure a minimum adjustment 
range. 

For example, choosing the adjustment range to be ±320 jJoA of 
FS or, ±2%, let X = 0.02. Thus: 

Setting RB = 10 K, then RA = 2(.02) x 10 kO = 400 0 

Rc = (2.75 kO x 0.02)/ (1 - 0.275 x (0.02)) = 55.3 0 

The value of Rc can be rounded to the more convenient values 
of 49.9 O. In general, if RA is rounded up, then Rc should be 
rounded up proportionally and vice versa; rounding up will in
crease the range of adjustment. 
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Figure 8. Span Adjustment, 2 V Full Scale 

PROGRAMMING OTHER SPANS 
There are two methods for programming input spans less than 
10 V. The first decreases the input span by programming a non
inverting gain into the buffer amplifier. For example, to achieve 
an input span of 0-5 V, the AD694 is set in its 10 V full-scale 
mode and the buffer amplifier is configured with a noninverting 
gain of 2 by adding 2 resistors. Now a 5 V signal at + Sig results 
in a 10 V full-scale signal at FB (Pin 1), the input to the VII. 
This method requires that the VII be programmed to a 10 V full 
scale for input spans between 2 V to 10 V. It should be pro
grammed to a 2 V full scale if input spans of less than 2 V are 
required. This adjustment scheme makes the accuracy of the 
span adjustment dependent upon the ratio accuracy of the re
quired gain resistors. Thus, it is possible to accurately configure 
spans other than 2 V or 10 V without using trimming potenti
ometers, given that the resistor ratios are sufficiently accurate. A 
supply voltage of 12.5 V is required for spans between 2 V and 
10 V. Spans below 2 V require a V s of 4.5 V or greater. 

A second method, allows other spans of less thar; 10 V to be 
programmed when supply voltage is less than 12.5 V. Since the 
AD694 amplifiers require 2.5 V of headroom for operation, a 
5 V full-scale input is possible with a 7.5 V supply. This is 
achieved by placing a resistor, in parallel with R2, (2 V FS (Pin 
4) to Com (Pin 5», to adjust the transconductance of the VII 
converter without a headroom penalty. A disadvantage of this 
method is that the external resistor must match the internal re
sistor in a precise manner, thus a span trim will be required. 
The value should be chosen to allow for the ± 10% uncertainty 
in the absolute value of the internal resistor R2. 

ADJUSTING REFERENCE OUTPUT 
Figure 9 shows one method of making small adjustments to the 
10 V reference output. This circuit allows a linear adjustment 
range of ±200 mY. The 2 V reference may also be adjusted but 
only in the positive direction. 
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AD694 
Other reference voltages can be programmed by adding external 
resistors. For example, a resistor placed in parallel with RS can 
be added to boost the reference output as high as 20 V. Con
versely, a resistor in parallel with R6 can be used to set the ref
erence voltage to a value between 2 V and 10 V. The output 
voltage V REF = 2 V (R6 + RS) I RS. In choosing external ad
justment resistors remember that the internal resistors, while 
ratio matched to a high degree of accuracy, have an absolute 
resistor tolerance of only ± 10%. Be prepared to compensate for 
this if a precise voltage other than the precalibrated values of 
2 V or 10 V is required. 

71.Skn 

50kQ 

Figure 9. 10 V Reference Output Adjustment 

BANDWIDTH CONTROL 
The bandwidth of the AD694 can be limited to provide noise 
filtering. This is achieved by connecting an external capacitor 
from BW ADJ (Pin 14) to Vs (Pin 13) as shown in Figure 10. 
To program the bandwidth, substitute the desired bandwidth in 
Hz, into the formula below to determine the required capacitor. 

C = 1 farad Hz n / ( 2 'IT 900 n BW) 

The bandwidth chosen will vary ± 10% due to internal resistor 
tolerance, plus an additional amount due to capacitor tolerance. 

This method of bandwidth control is not recommended as a way 
to filter large high frequency transients in the input signal. It is 
recommended that frequencies greater than the BW of the 
buffer amplifier be eliminated with an input filter to avoid recti
fication of noise by the input amplifiers. 

c 

Figure 10. Noise Filtering with an External Capacitor 
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BUFFER AMPLIFIER OFFSET ADJUST 
The buffer amplifier input voltage offset has been laser trimmed 
to a high degree of accuracy; however, there may be occasions 
when an offset trim is desired. Figure II shows the adjustment 
method; a trim range of greater than ±2.5 mV is available with 
this scheme. It is not recommended that this adjustment method 
be used to affect the 4 mA offset current as the trim will induce 
offset drift into the buffer amplifier. The buffer amplifier will 
drift approximately IIJoVrc for each 300 IJoV of induced offset. 
To adjust the 4 mA offset current refer to the section "AD
JUSTING ZERO." . 

AD694 

Figure 11. Buffer Amplifier Vos Adjustment 

ALARM CIRCUIT 
The AD694 has an alarm circuit which warns of open circuit 
conditions at loUT (Pin 11), or of attempts to drive the voltage 
at loUT higher than V s - 2 V. The alarm transistor will pull 
down if an out of control condition is sensed. The alarm current 
is limited to about 20 mAo 

FigUre 12 shows a typical application. In a digital/analog sYstem 
the alarm can provide a TTL signal to a controller. The collec
tor of the alarm transistor is tied to the sYstem logic supply 
through a 20 kG pull-up resistor. The alarm is off in normal 
operation and the voltage at the alarm pin is high. In the event 
that the wire from lOUT (Fin 11) is opened, or if a large input 
overdrive forces 10UT'too close to V s, then the alarm pin is 
driven low. This conflgl1I1ltion is compatible with CMOS or 
TTL logic levels. The alarm transistor can also be used to di
recdy drive an LED or other indicators. 

\Is = +4.SV TO +36V 

COM 4mA 4mA 
ONIOFF ADJ 

2Ok" 

ALARM 

TTl. GATE 

Figure 12. Using the Alarm to Drive a TTL Gate 

APPLICATIONS 

! CURRENT OUTPUT DAC INTERFACE 
The AD694 can be easily interfaced to current output DACs 
such as the AD566A to construct a digital to 4-20 rna interface 
as shown in FigUre 13. The AD694 provides the voltage refer
en~e and the buffer amplifier necessary to operate the DAC. 
ODly simple connections are necessary to construct the circuit. 
The 10 V refjll'Cllce of the AD694 supplies reference input of the 
AD566. The buffer amplifier converts the full-scale current to 
+ 10 V utilizing the internal resistors in the DAC; therefore the 
AD694 is confIgUred for a 10 V full-scale input. A 10 pF capaci
tor compensates for the 25 pF output capacitance of the DAC. 
An optional 100 n trim resistor, CRT)' allows the full-scale to be 
trimmed, a 50 n resistor may be substituted if a trim is not re
quired; accuracy will be typically ± I LSB and the trim does not 
affect the 4 rna offset. Care should be taken in managing the 
circuit grounds. Connections from AD694 Pins 9, 3 and AD566 
Pins 3 and 7 should be as short as possible and to a single point 
close to Pin 5 of the AD694. Best practice would have separate 
connections to the star ground from each pin; this is essential 
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for the AD566 power ground from Pin 12. The 4-20 mA output. 
(Pin 11) must have a return path to the power ground. The re
turn line from the load may be connected to the power ground, 
or to the -IS V supply based upon the size of the load to be 
driven, and on power dissipation considerations. 

SINGLE SUPPLY DIGITAL TO 4-20 rna INTERFACE 
A 12 bit input to 4-20 rna output interface can be .constructed 
that operates on a single IS V supply. The DAC is operated in 
its voltage switching mode; this allows the DAC, when supplied 
with a voltage reference of less than 2.5 V, to provide an output 
voltage that is proportional to the digital input code and ranges 
from 0 V to V REp. The AD694 voltage reference is connected to 
supply 2 V and the input stage is set toa 2 V full scale; the in
put buffer amplifier serves to buffer the voltage output from the 
DAC. Connected in this manner a full-scale DAC input code 
will result in a 20 rna output and an all 0 code will result in a 
4 mA output. The loading on the AD694 voltage reference is 
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AD694 

Figure 13. Digital to 4-20 mA Interface Using a Current Steering DAC 

Figure 14. Single Supply Digital Input to 4-20 mA Output 

code dependent, and the response time of the circuit will be de
termined by the reaction of the voltage reference. The supply 
voltage to the AD7S4lA should be kept close to IS V. If Vs is 
reduced significantly from IS V the differential nonlinearity of 
the DAC will increase and the linearity will be degraded. 

In some applications it is desirable to have some under-range 
and over-range in the 4-20 mA output. For example, assume an 
over and under range capability of ±S% of span is needed, then 
the output current range corresponding to the full scale of the 
DAC is 3.2 mA to 20.S mAo To accomplish this, the span of the 
AD694 would be increased 10% to 17.6 mA by adding a nonin
verting gain of 1.1 to the buffer amplifier. The 4 mA offset 
would then be reduced by O.S mA, by utilizing the adjustment 
scheme explained in "Adjusting 4 mA Zero." Then a digital 
input from all zero code to full scale would result in an output 
current of 3.2 mA to 20.S mAo 
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LOW COST SENSOR TRANSMITTER 
Sensor bridges typically output differential signals in the 10 mV 
to 100 mV full-scale range. With an AD694, a dual op amp, and 
some resistors, an instrumentation amplifier front end can be 
added which easily handles these types of low level signals. 

The traditional 3 op amp instrumentation amplifier is built us
ing an AD70S, dual op amp for the front end, and the AD694's 
buffer amplifier is used for the subtractor circuit, as shown in 
Figure IS. The AD694's 2 V reference is used to provide a 
"ground" of 2 V that insures proper operation of the in amp 
over a wide common mode range. The reference pin of the sub
tractor circuit is tied to the 2 V reference (point C). A 2 kG 
pull-down resistor insures that the voltage reference will be able 
to sink any subtractor current. The 2 V FS (Pin 4) is attached 
to the 2 V reference; this offsets the input range of the VII con
verter 2 volts positive, to match the "ground" of the in amp. 
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AD694 

Figure 15. Low Cost Sensor Transmitter 

The AD694 will now output a 4-20 rnA output current for a 0 
to 2 V differential swing across VA' The gain of the in amp 
front end is adjusted so that the desired full-scale input signal at 
VIN results in a V A of 2 V. For example a sensor that has a 
100m V full scale will require a gain of 20 in the front end. The 
gain is determined according to the equation: 

G = {2Rs / RgJ + 1 

The circuit shown, will convert a positive differential signal at 
VIN to a 4-20 rnA current. The circuit has common-mode range 
of 3 V to 8 V. The low end of the common-mode range is lim
ited by the AD708's ability to pull down on Rs. A single supply 
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amplifier could be used instead to extend the common-mode 
range down to about 1.5 V. 

As shown, the circuit handles positive differential signals, (YIN 
positive). To handle bipolar differential signals (YIN is positive 
or negative), the reference pin of the in amp (point C) must be 
offset positively from the 2 V reference. For example, discon
nected point C from the 2 V reference and connecting it to a 
3 V source would result in a V A of IV, (or half scale) for a zero 
volt differential input from the sensor. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Wide Input Range: 0-1VtoO-10V 
High CMV Isolation: 1500V rms 
Programmable Output Ranges: 4mA to 20mA 

Oto20mA 
Load Resistance Range: Oto 1.35k!1 max 
High Accuracy 

Low Offset Tempco: ±300nA;oC 
Low Gain Tempco: ±50ppm;oC 
Low Nonlinearity: ± 0.02% 
High CMR: SOdB min 

Small Package: 0.7" x 2.1" x 0.35" 
Meets IEEE STD 472: Transient Protection (SWC) 

APPLICATIONS 
Multichannel Process Control 
DIA Converter- Current Loop Interface 
Analog Transmitters and Controllers 
Remote Data Acquisition Systems 

GENERAL DESCRIPTION 
The IB21 is an isolated voltage-to-current converter that incorpo
rates a unique circuit design utilizing transformer based isolation 
and automated surface mount manufacturing technology. It pro
vides an unbeatable combination of versatility and performance in 
a compact plastic package. Designed for industrial applications, it 
is especially suited for harsh environments with extremely high 
common-mode interference. 

Functionally, the V II converter consists of four basic sections: input 
conditioning, modulator, demodulator and current source (lB21 
Functional Block Diagram). The input is a resistor pro-
grammable gain stage that accepts a 0-1 V to 0- IOV voltage input. 
This maps into a 0 to 20mA output or can be offset by 20% using 
the internal reference for 4mA to 20mA operation. The high level 
signal is modulated and passed across the barrier which provides 
complete input to output galvanic isolation of ISOOV rms continu
ous by the use of transformer coupling techniques. Nonlinearity is 
an excellent ± 0.05% max. 
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Isolated, Loop-Powered 
Voltage-to-Current Converter 

1B21 I 
FUNCTIONAL BLOCK DIAGRAM 

Designed for multichannel applications, the IB21 requires an exter
nal loop supply and can accept up to 30V max. This would provide 
a loop compliance of 27V, which is sufficient to drive a I. 35kf! load 
resistance. 

The IB21 is fully specified over - 25"C to + 85°C and operates over 
the industrial ( - 40°C to + 8S"C) temperature range. 

DESIGN FEATURES AND USER BENEFITS 
High CMV Isolation: The IB21 features high input to output gal
vanic isolation to eliminate ground loops and offer protection 
against damage from transients and fault voltages. The isolation 
barrier will withstand continuous CMV of ISOOV rms and meets the 
IEEE Standard for Transient Voltage Protection (STD 472-SWC). 

Small Size: The IB2l package size (0.7" x 2.1" DIP) makes it an 
excellent choice in multichannel systems for maximum channel de
nsity. The 0.35" height also facilitates applications with limited 
board dearance. 

Ease of Use: Complete isolated voltage-to-current conversion with 
minimum external parts required to get a conditioned current sig
nal. No external buffers or drivers are required. 
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1 821-SPECIFICATIONS (typical at +25OC and Vs = ±15V unless otherwise noted) 

Model 

INPUT SPECIFICATIONS 
Input Range 
Full-Scale Input 
Input Bias Current 

OUTPUT SPECIFICATIONS 
Current Output Range 
Load Compliance at V LOOP = 30V 
Max Output Current@ Input Overload 
Output Noise, 100Hz Bandwidth 

NONLINEARITY (% of Span) 

ISOLATION 
CMV, Input to Output Continuous 
CMR,@60Hz 
Transient Protection 

ACCURACY 
Warm-Up Time to Rated Performance 
Total Output Error@ + 2S"C (Untrimmed) 

Offset(VIN = 0V)1 
Span(VIN = + 10V) 

vs. Temperature ( - 2S"C to + 8S'C) 
Offset2 

Span 

REFERENCE OUTPUT 
Voltage 
Output Error 
Temperature Coefficient 

DYNAMIC RESPONSE 
SettlingTimetoO.I%ofF.S. for 10V Step 
Small Signal Bandwidth 

POWER SUPPLY 
Input Side 

Operating Voltage 
Quiescent Current 

+15VSupply 
-15VSupply 

Power Supply Rejection 
Loop Side 

Operating Voltage 
Maximum Current 

ENVIRONMENTAL 
Temperature Range 

Rated Performance 
Operating 
Storage 

Relative Humidity, Noncondensing 

CASE SIZE 

NOTES 

IB21AN 

Oto +10V 
+ IV min to + lOVmax 
± 30pA (± 400pA max) 

4mAt020mA,Ot020mA 
27Vmin 
2SmA 
l .... Ap-p 

±0.02%(±O.OS%max) 

lS00Vrms 
90dBmin 
IEEE-STD 472 (SWC) 

5 min 

±100,...A 
±0.6%FSR 

±300nAl"C 
±5Oppm/"C 

+6.4Vdc 
±1.5%max 
± 2Oppm/"C max 

9ms 
100Hz 

± lSV ±S% 

10mA 
SmA 
±O.Ol%N 

+ 15Vto +30V 
25mA 

- 2S'C to + 8S'C 
-40'Cto + 85'C 
-40'Cto +8S'C 
Ot09S%@ +6O"C 

0.7"x2.I"x 0.35" 
(17.8 x 53.3 x 8.9)mm 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

ACI06OMATINGSOCKET = I D.":~.SI 
I- r~ -I ., r-
I +-.-----0-0-1-1 T~' 
-~ ---------@- r,:.: M~ 

\+--0-----0-.;-[1 
\ •. ,.~."DIA -0110-

BOTH ENDS 0.125 13.11 
TVP 

PIN DESIGNATIONS 

PIN FUNCTION 

1 OUTHI 
17 IN 
18 FB 
19 REF 
20 +15V 
21 COM 
22 -15V 
38 OUT LOW 

I ForO-20mA mode. For4-20mA mode an additional60..,A is contributed by the ± 1.5% reference error on the 4mA output. 
'For a complete discussion of the temperature effects of the offset resistor and reference refer to "Using the 1B21" section. 
Specifications subject to change without notice. 
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INSIDE THE 1821 
Referring to the functional block diagram, the ± l5V power 
inputs provide power to both the input side circuitry and the 
power oscillator. The 25kHz power osciJJator provides both the 
timing information for the signaJ modulator and drives transformer 
T2 for the output side power supplies. The secondary winding 
of T2 is full wave rectified and flltered to create the output side 
power. 

1B21 Functional Block Diagram 

The input stage is configured as an inverting amplifier with 
three user supplied resistors for gain, offset and feedback. The 
conditioned signal is modulated to generate a square wave with 
a peak-to-peak amplitude proportional to VIN. This signal drives 
the signal transformer T 1. An interna1 reference with a nominal 
output voltage of +6.4V and tempco of ±2OppmfOC is provided 
to develop a 4mA offset for 4mA to 20mA current loop 
applications. 

After passing through signal transformer Tl, the amplitude 
modulated signal is demodulated and flltered by a single pole 
fllter. Timing information for the output side is derived from 
the power transformer T2. The flltered output provides the 
control signal for the voltage-to-current converter stage. An 
externa1 power supply is required in series with the load to 
complete the current loop. 

USING THE 1821 
Input Configurations: The 1821 has been designed with a 
flexible input stage for a variety of input and output ranges. 
The basic interconnection for setting gain and offset is shown in 
Figure 1. The output of the internal amplifier is constrained to 
o to - 5V, which maps into 0 to 20mA across the isolation 
barrier. Thus to create a 4mA offset at the output, the input 
amplifier has to be offset by IV. 

For example, for 0 to 20mA operation the transfer function for 
the input stage is: 

51V1N = RFIRI 

and no offset resistor is needed. For 4mA to 20mA operation we 
get: 

41V IN = RFIRI 

which Inap8 the input voltage into a 4V span. To create a IV 
offset at the output of the internal amplifier (4mA at the output 
of the 1821) a current derived from the reference can be fed 
into the summing node. The offset resistor (for a IV output 
offset) will be given by the equation: Ro = 6.4RF. For most 
applications it is recommended that RF be in the 25kO ± 20% 
range. Resistor values for typical input and output ranges are 
shown in Table I. 
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1821 

+15V o--..... ..,..--{;" ,--., I 

COM 0---+-,----(; 

-15V o--oIo__--{: 

Figure 1. Basic Interconnections 

Input Output RI RF Ro 
Volts mA kO kO kO 

0-5 0-20 25 25 Open 
0-10 0-20 50 25 Open 
0-5 4-20 25 20 128 
0-10 4-20 50 20 128 
1-5 4-20 25 25 Open 

Table I. Resistor Values for Typical Ranges 

Adjustments: Figure 2 is an example of using potentiometers 
for trimming gain and offset for a 0-5V input and 0 to 20rnA 
output. The network for offset adjustment keeps the resistors 
relatively small to minimize noise effects while giving a sensitiviry 
of ± 1 % of span. For more adjustment range, resistors smaJler 
than 274k can be used. Resistor values from Table I can be 
substituted for other input and output ranges. 

In general, any bipolar voltage can be input to the 1821 as long 
as it is offset to meet the 0 to - 5V constraint of the modulator 
and the input signal range is IV minimum. 

+15V 
~ 274k 

SDk ~_-'IIIfV-'" 
-15V 1k 

Figure 2. Offset and Span Adjustment 
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1B21 
TC Considerations of External Resistors: The specifications 
for gain and offset temperature coefficient (TC) for the IB21 
exclude the effects of external components. The total gain TC 
for the circuit in Figure 1 is: 

Gain TC = IB21 Gain TC + (Tracking TC of RF and R1) 

The offset TC is also affected by the thermal stability of the 
internal voltage reference and its contribution is: 

Ref TC = (VREF)(RFIRo)(4rnAN)(TC of VREF + 
Tracking TC of RF and Ro)ll x 106 

Total Offset TC = IB21 Offset TC + Ref TC 

Specifically using RF, RI and Ro from Case 3 in Table I, with 
absolute TCs of ± 25ppm/°C we get: 

Gain TC = 50 + (25 + 25) = 100ppm/oC 
Offset TC = 300 + (6.4V)(20klI28k)(4mAN)(20 + 25 + 25)/ 

1 x 106 

= ±580nArC 

Similarly, when using a resistor network with a tracking spec of 
± 5ppmfOC, the total gain TC would be ± SSppmfOC and the 
total offset TC would be ± 400nAloC. 

APPLICATIONS 
Output Protection: In many industrial applications it may be 
necessary to protect the current output from accidental shorts to 
ac line voltages in addition to high common-mode voltages and 
short circuits to ground. The circuit shown in Figure 3 can be 
used for this purpose. The maximum permissible load resistance 
will be lowered by the fuse resistance (typically 80) when 
protection circuitry is utilized. 

Figure 3. Output Protection Circuitry 
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Low Drift Input Network: Figure 4 shows a configuration 
suitable for applications where errors have to be minimized over 
a wide temperature range. A temperature tracking network such 
as a SOk Beckman (PN 698-3R50KD) can be used to implement 
both offset and gain for either 0 to 20mA or 4mA to 20rnA 
current loops. For O-IOV signals either INI or IN2 can be used 
for input. For O-SV signals, jumper INI to IN2. Similarly, for 
4mA to 20mA operation the 4rnA node should be jumpered to 
OFFSET, while for 0 to 20mA it should be tied to COM. 

BECKMAN SDk RIN r---, r---, 
IN2 ...... "7-""':-r-:-'wv-:-T--{)II}-'----, 
IN' o---;-_.....;+.;-_-:-~ 

OFFSET o---;---.: ..... .;---:-+--{i 
4mAO-~I~~I~~wv~,~ 

COM ~ L ___ .J L ___ .J 

NO,. 
NODES LABELLED FOR 
ILLUSTRATION ONLY. 

Figure 4. Low Tempco Resistor Network Configuration 

Multiloop Isolation: Multiple IB21s can be connected to a 
single loop supply in parallel as shown in Figure 5. The amperage 
of the loop supply should be sufficient to drive all the loops at 
full-scale output. 

Figure 5. Multiple 1821 s with Single Loop Supply 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Internal Isolated Loop Supply Drives 1000 0 Load 
Pin Programmable Inputs: 0 to +5 V or 0 to +10 V 
Pin Programmable Outputs: 4 to 20 mA or 0 to 20 mA 
High CMV Isolation: 1500 V RMS 
Normal Mode Output Protection: 240 V RMS 
High Accuracy 

Low Offset Tempco: :1:300 nA/"C 
Low Gain Tempco: :1:50 ppm 1°C 
Low Nonlinearity: :1:0.02% 
High CMR: 90 dB min 

Small Package: 1.O"x2.10"xO.35" 
Meets IEEE STD 472: CMV Transient Protection (SWC) 

APPLICATIONS 
Multichannel Process Control 
DIA Converter - Current Loop Interface 
Analog Transmitters and Controllers 
Remote Data Acquisition Systems 

GENERAL DESCRIPTION 
The IB22 is an isolated voltage-to-current converter that incor
porates transformer isolation to achieve high performance and 
automated surface mount manufacturing for low cost and in
creased reliability. Designed for industrial applications, it is es
pecially suited for harsh environments with extremely high 
common mode interference. With programmable inputs and out
puts, the IB22 provides an unbeatable combination of versatility 
and performance in a compact plastic package. 

Functionally, the VII converter consists of four basic sections: 
input conditioning, modulator/demodulator, isolated loop supply 
and current source (Figure I). The IB22 is pin programmable 
for 0 to +5 Vor 0 to +10 V inputs and 0 to 20 rnA or 4 to 20 
rnA outputs using an internal resistor network. It can also be set 
by an external resistor to accept 0 to + I V to 0 to + 10 V in
puts. Transformer coupling provides 1500 V rms galvanic isola
tion between the inputs and the current loop. Nonlinearity is an 
excellent :±0.05% max. 

Loop power is generated internally through a dc/dc converter 
and is also isolated from the input side (1500 V rms). Loop 
compliance voltage is dependent on the voltage supplied to the 
IB22, and with V LOOP = 28 V, it is sufficient to drive a 1000 n 
load. 

The IB22 is fully specified over - 25°C to + 85°C and operates 
over the industrial (-40°C to +85°C) temperature range. 
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Programmable, Isolated 
VOltage-to-Current Converter 

1822 I 

FUNCTIONAL BLOCK DIAGRAM 

PCOM VLOOP 

DESIGN FEATURES AND USER BENEFITS 

Isolated Loop Power: Internal loop supply completely isolates 
the loop from the input terminals (1500 V rms) and provides the 
capability to drive 0 to 1000 n loads. This eliminates the need 
for an external dc/dc converter. 

Ease of Use: The IB22 offers complete isolated voltage-to
current conversion with minintum external parts required to get 
a conditioned current signal. No external buffers or drivers are 
required. 

High CMV Isolation: The IB22 features high input to output ~ 
galvanic isolation to eliminate ground loops and offer protection ~ 
against damage from transients and fault voltages. The isolation 
barrier will withstand continuous CMV of 1500 V rms and 
meets the IEEE Standard for Common Mode Voltage Transient 
Protection (STD 472-SWC). 

Small Size: The IB22 package size (1.0"x2.1" DIP) makes it an 
excellent choice in multichannel systems for maximum channel 
density. The 0.35" height also facilitates applications with lim
ited board clearance. 
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1822 -SPECIFICATIONS (typical @ +25°C and Vs = ±15 V. VLGOP = +24 V. unless otherwise noted) 

Model 

INPUT SPECIFICATIONS 
Factory Calibrated, User Selectable 
Input Impedance 

o to + 10 V Input Range 
o to + 5 V Input Range 

OUTPUT SPECIFICATIONS 
Current Output Range, User Selectable 
Load Compliance Range, VLOOP=+lS V 

VLOOP=+28 V 
Maximum Output Current @ Input Overload 
Output Noise, 100 Hz Bandwidth 

NONLINEARITY (% OF SPAN) 

ISOLATION 
CMV, Input to Output Continuous 
CMR,@60Hz 
Normal-Mode Output Protection 
CMV Transient Protection 

ACCURACY 
Warm-Up Time to Rated Performance 
Total Output Error @ +2S"C 

Offset (V IN = 0 V) 
Span (VIN = + 10 V) 

vs. Temperature (-2S"C to +8S"C) 
Offset 
Span 

DYNAMIC RESPONSE 
Settling Time to 0.1% ofFS for 10 V Step 
Small Signal Bandwidth 

POWER SUPPLY 
Bipolar Input Supplies 

Operating Voltage 
Quiescent Current 
Power Supply Rejection 

Loop Supply 
Operating Voltage 
Operating Current, at Full-Scale Output 
Loop Supply Rejection 

ENVIRONMENTAL 
Temperature Range 

Rated Performance 
Operating 
Storage 

Relative HumiditY, Noncondensing 

CASE SIZE 

NOTE 
Specif1C8tions subject to change without notice. 
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IB22AN 

Oto +SV,Oto +IOV 

SO ItO 
25 kO 

4 to 20 mA, 0 to 20 mA 
8 V min 
20V min 
30mA 
300 nA p-p 

±0.02% (±O.OS% max) 

1500 V rms max 
90 dB min 
240 V rms continuous 
IEEE - STD 472 (SWC) 

5 min 

±60 !LA 
±0.7% Full Scale 

±300 nAI"C 
±SOppmfC 

9ms 
400Hz 

±lS V ±S% 
±7.S mA 
±0.01%N 

+14Vto+30V 
2SmA 
±O.OOS%N 

-2SDC to +8S"C 
-4O"C to + 8S"C 
-4O"C to + 8S"C 
o to 95% @ 6O"C 

1.0"x2.l"xO.3S" 

OUTUNEDIMENSIONS 
DimeDIionaabown in iDcl>esaDCI (mm). 

003 18.9) ~~D." 
•.•• ~ (.:781 MAX 

13.81) 0.018 (0.411 

1--.... (20.3ITYP--j 
MINI sa. PIN 

::T :: _~ I T 
VIEW MAX I 

D.' ~t-:t:+1+~H+l 12.541 t-
TYP T I-+-t-t-+t-t-t-t-H 

•.•• .l... .138 
(3.81 

.... 
(45.71 

1 
TYP TI.-'.OO125AIMAX--l j.- (:'~, 4 TYP 

AC1225 MATING SOCKET 

~. 21011331 _I 

r-r-=:r-I '''~'''~IDD oot·#,."~··" 
'.DD .- 1 •. 'DO"A.ClSTO las, ClOI o.1.DlA.TYP 

1 tr.@=·PlACES'-='----@ 
I:~i 1 II 

-:I:~·"'·~ .... :;,~~ j:' ~~.~~ 
1411.71 17.5) 

PIN DESIGNATIONS 

PIN FUNCTION 

1 OUTHI 
16 IN2 
17 IN1 
18 S.NODE 
19 4mAOFFSET 
20 +15V 
21 ANA COM 
22 -15V 
23 SYNC 
24 VLOOP 

25 POWER COM 
38 OUT lOW 
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INSIDE THE IB22 
The IB22 produces an isolated 4 to 20 mA or 0 to 20 mA out
put current which is proportional to the input voltage and inde
pendent of the output load resistance (Figure 1). The input 
stage is confIgured as an inverting amplifIer with a resistor net· 
work to provide pin-strappable input ranges of 0 to + 5 V and 0 
to + 10 V and output ranges of 0 to 20 mA and 4 to 20 mAo 
The conditioned signal is modulated to generate a square wave 
that drives transformer Tl. The peak-to-peak amplitude of the 
signal is proportional to VIN• An internal, high stability refer
ence with a nominal output voltage of +6.4 V is used to develop 
a 4 mA offset for the 4 to 20 mA current loop output. 

P.COM VLOOl' 

Figure 1. 1822 Functional Block Diagram 

Mter passing through signal transformer Tl, the amplitude 
modulated signal is demodulated and filtered by a single pole 
filter. This filtered output is the control signal for the voltage
to-current converter stage. Timing information for the demodu
lator is derived from the power transformer T2. The IB22 
outputs are protected from accidental shorts to ac line voltages 
up to 240 V rms. Combined with 1500 V input to output isola
tion, the 1822 provides unbeatable protection against transients, 
wiring errors and current loop short circuits to power lines. 

The dc-dc converter consists of a power driver, power trans
former T2, a full wave rectifier and a filter. The dc-dc converter 
provides the power for the output circuitry as well as the iso
lated compliance voltage for the loop. This voltage is propor
tional to V LOOP on the input side. The 1822 requires ± 15 V 
supplies to power the input side circuitry and a + 14 V to 
+ 30 V supply for the dc-dc converter. 

USING THE IB22 

Basic Interconnections: The 1822 may be applied to achieve 
rated performance as shown in Figure 2. For 0 to 10 V signals 
either INI or IN2 can be used for input; for 0 to + 5 V signals 
jumper INI to IN2. Similarly, for 4 to 20 mA operation the 4 
mA OFFSET node should be jumpered to the S. NODE, while 
for 0 to 20 mA it should be tied to COM. Figure 3 shows the 
functional diagram of the resistor network used in the IB22. 

For applications where a separate loop supply is not available, 
the ± 15 V supplies can be used by connecting + 15 V to V LOOP 

(Pin 24) and COM to P.COM (Pin 25). For additional compli
ance voltage, P.COM can be connected to -15 V to drive 
higher loads. 
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1822 

-15V' .... -=-@~_ 

Figure 2. Basic Interconnections 

Figure 3. Internal Resistor Network 

Optional Trim Adjustments: Figure 4 is an example of using 
potentiometers for trimming gain and offset for a 0 to + 10 V 
input and 4 to 20 mA output. The network for offset adjust
ment keeps the resistors relatively small to minimize noise 
effects while giving a sensitivity of ± 1 % of span. For more 
adjustment range, resistors smaller than 274 kO can be used. 

Figure 4. Optional Offset and Span Adjustment 

.~. 
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1822 
Synchronizing Multiple 1I122s: In applications where multiple 
IB22s are used in close proximity, radiated individual oscillator 
frequencies may cause "beat frequency" related output errors. 
These errors can be eliminated by driving the SYNC pins of all 
the units with a 40 kHz clock circuit at 50% duty cycle (Figure 
5). The SYNC input typically has an input impedance of 
150 kOl/180 pF. 

+15------------~----------_, 

150k 

2,6 TLC 
555 TO 1 B22 SYNC PINS 

Figure 5. Multiple 1 822s' Synchronization 

Loop Supply Requirements: The IB22 design allows flexible 
loop supply options. The loop supply voltage required for any 
value of load resistance can be calculated from the following 
equation: 

2RL + 780 
Vwop = 106 

This value allows for approximately 10% overrange capability. 
The graph in Figure 6 shows the relationship between supply 
voltage and load resistance. 

1200 I----+----+----t----+---+----+---t-:~ 

1000 

E 
.c 800 
0 
,J: 
c 
:Ii 
Ii! 600 

10 15 
EXTERNAL + VLOOP - Volts 

Figure 6. Loop Supply vs. Load 
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APPLICATIONS 

Isolated D/A Converter: The IB22 offers total ground isolation 
and protection from high voltage transients in interfacing DI A 
converters to standard 4 to 20 mA current loops. The D/A 
converter, such as the Analog Devices' 12-bit AD7245 
DACPORT"', should be connected for operation on the 
unipolar 0 to +10 V output range. This is shown in Figure 7. 

Figure 7. DIA Converter - Isolated 4-20 mA Interface 

Pressure Transmitter: In Figure 8, the IB22 is used in a pres
sure transmitter application to provide complete input-output 
isolation and avoid signal errors due to ground loop currents. 
The process pressure is monitored with a strain gage type pres
sure transducer interfaced by the Analog Devices' IB32 trans
ducer signal conditioner. The high level voltage output of the 
IB32 is converted to the isolated 4 to 20 mA current for trans
mission to a remote recorder or indicator. 

Figure 8. Isolated Pressure Transmitter 
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I'11III ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Complete Signal-Conditioning Solution 
Small Package: 28-Pin Double DIP 
Internal Half-Bridge Completion Resistors 
Remote Sensing 
High Accuracy 

Low Drift: ±O.25,..VI"C 
Low Noise: 0.3,..V POp 
Low Nonlinearity: :1:0.005% max 
High CMR: 140dB min (60Hz, G=1000VN) 

Programmable Bridge Excitation: +4V to +15V 
Adjustable Low Pass Filter: fc = 10Hz to 20kHz 

APPLICATIONS 
Meesurement of: Strain, Torque, Force, Pressure 
Instrumentation: Indicators, Recorders, Controllers 
Data Acquisition Systems 
Microcomputer Analog I/O 

GENERAL DESCRIPTION 
Model 1831 is a high performance strain gage signal-conditioning 
component that offers the industry's best price/performance 
solution for applications involving high-accuracy interface to 
strain gage transducers and load cells. Packaged in a 28-pin 
double DIP using hybrid technology, the 1831 is a compact and 
highly reliable product. Functionally, the signal conditioner 
consists of three sections: a precision instrumentation ampli
flel", a two-pole low pass filter, and an adjustable transducer 
excitation. 

The instrumentation amplifier (IA) section features low input 
offset drift of ±0.25f.LVrc (RTI, G= lOOOVN) and excellent 
nonlinearity of ± 0.005% max. In addition, the IA exhibits low 
noise of O.3f.LV pop typ (O.IHz-IOHz), and outstanding I40dB 
min common-mode rejection (G= lOOOVN, 60Hz). The gain is 
programmable from 2VN up to 5000VN by one external 
resistor. 

The two-pole low pass filter offers a 40dB/decade roll-off from 
1kHz to reduce high frequency noise and improve system signal
to-noise ratio. The comer frequency is adjustable downwards by 
external capacitors and upwards to 20kHz by three resistors. 
The output voltage can also be offset by ± 10V with an external 
potentiometer to null out dead weight. 

The 1831 's regulated transducer excitation stage features low 
output drift (±O.OO4°/of'C typ) and can drive 1200 or higher 
resistance load cells. The excitation is preset at + 10V and is 
adjustable from +4V and + 15V. This section also has remote 
sensing capability to allow for lead-wire compensation in 6-wire 
bridge configurations. For half-bridge strain gages, a matched 
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Wide Bandwidth Strain Gage 
Signal Conditioner 

1831 I 
FUNCTIONAL BLOCK DIAGRAM 

+INPUT 1 

IUNA~fERED) a}---+-+-", 

INPUTOfFS~ 9 

INPUTOF~~ 'D}----' 

OUTPUT=rr "'}----, 
BAN~~~ 12 

BAN~~ 13 

(FIL';rMEDI 14 

pair of thin-film 20kO resistors is connected across the excitation 
outputs. This assures temperature tracking of ± 5ppm/"C max 
and reduces part count. 

The IB31 is available in a plastic package specified over the 
industrial ( - 40°C to + 85"C) temperature range and will be 
available soon in a bottom-brazed ceramic package specified 
over the military ( - 55"C to + 125"C) temperature range. 

DESIGN FEATURES AND USER BENEFITS 
Ease of Use: Direct transducer interface with minimum ex
ternal parts required, convenient offset and span adjustment 
capability. 

Half-Bridge Completion: Matched resistor pair tracking to 
± 5ppmrc max for half-bridge strain gage applications. 

Remote Sensiug: Voltage drops across the excitation lead-wires 
are compensated by the regulated supply, making 6-wire load-cell 
interfacing straightforward. 

Programmable Transducer Excitation: Excitation source preset 
for + 10V dc operation without external components. User
programmable from a +4V to + 15V dc to optimize transducer 
performance. 

Adjustable Low Pass Filter: The two-pole active filter (fc = 1kHz) 
reduces noise bandwidth and aliasing errors with provisions for 
external adjustment of cutoff frequency (10Hz to 20kHz). 
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1 B3l-SPECIFICATIONS (typical @ +25°C and Vs = ±15V unless otherwise noted) 

Model 

GAIN' 
Gain Range 

Gain Equation 

GainEquationAccuracy,G~l000VN 

Gain TemperatureCoefficieot2 

Nonlinearity 

OFFSET VOLTAGES' 
Total Offset Voltage, Referred to Input 

Initial, @ + 2SQC (Adjustable to Zero) 
G~2VN 

G~ IOOOVN 
Warm-UpDrift,Smin.,G =: lOOOVN 
VS. Temperature 
G~2VN 

G~ IOOOVN 

At Other Gains 

vs. Supply 
G~2VN 

G~ IOOOVN 
Output Offset Adjust Range 

INPUT BIAS CURRENT 
Initial@25°C 

VS. Temperature 

INPUT DIFFERENCE CURRENT 
lnitial@ +25°C 

VS. Temperature 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Linear Differential Input (V D) 

Maximum CMV Input 

CMR, lkO Source Imbalance 
G=2VN,dcto60Hz 
G~ IOOVNto 5000VN 

1kHz Bandwidth3 

@dcto60Hz 
10Hz Bandwidth4 

@dc 
@60Hz 

INPUT NOISE 
Voltage, G ~ IOOOVN 

IB31AN 

2t05000VN 
Ro ~ 80kll 

G-2 
±3% 

IB31SDt 

± 1 Sppmf'C (± 2Sppmf'C max) • 
± 0.005% max * 

±2mV(± IOmVmax) 
± 501' V (± 2001' V max) 
Within::!;: 1 j.t. V of final value 

±25I'VI"C( ± 501'VI"Cmax) 
±0.25I'VI"C( ±2I'VI"Cmax) 

( ±2 ± ~OO)I'VI"C 

±501'VN 
±O.5I'VN 
± lOVmin 

± IOnA (± SOnA max) 
±25pAJOC 

± SnA (± 20nA max) 
±lOpA/"C 

IGlll14pF 
IGlll14pF 

±SV 

( GXVD) ± 12--4- Vmax 

86dB 

1I0dBmin 

IIOdBmin 
140dBmin ... 

NOTE1 ..... 

0.17 
14.31 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

t. 

Plastic Package (N) 

15 

21 

25 

2. 

0.01010.25) x 
0.02010.511 
RECTANGULAR LEAD 

1.64 
141.7) 
MAX 

1 
--I t-- 0.05 11.271 GRID T BOn-OM VIEW 

Ceramic Package (D) 

~O~~t:ol:~: O.3fJ.Vp-p r 1.575(40.01 -I 

c~';;~70:OVN ::::p SEAn':"!:! i-~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I~ 10Hz to 100Hz 100pAp-p PlA"!,.,,,t.,,, I ~ - - - - - - - - - J-l- - I'·'" 
-RA-T-O:Ee:D!!O'"'U::.T:.:P::UT=':------------=="-"---------- 0.200,5.081 (4.571 

Voltage, 2k!lLoad, min ±IOV ..j -.I\--..j 10- -.I 10-
Current ±SmA 0.100(2.541 0.014(0.361 0.100(2.541 0.030(0.16! 0.13713.481 

Impedance,dcto2Hz,G=2VNtol000VN 0.50 0.023(0.581 0.070(1.781 

Load Capacitance l000pF ~~~ NO.1 IDENTIFIED BY DOT OR NOTCH. 

Output Short-Circuit Duration Indefmite 

DYNAMIC RESPONSE' 
Small Signal Bsndwidth - 3dB, G~ 2VN to IOOOVN 
Slew RAre 
Full Power 
Settling Time, G = 2V N to l000V N, ± lOV Output, 

Stepto ±O.I% 

LOW PASS FILTER 
Number of Poles 
Gain (Pass Band) 
Cutoff Frequency ( - 3dB Point) 
Roll·Off 

1kHz 
0.05V/I" 
350Hz 
2m. 

2 
-2VN 
1kHz 
4OdB/decade 
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PIN 

1 
2 
3 
4 
8 
9 

10 
11 
12 
13 
14 

PIN DESIGNATIONS 

FUNCTION PIN FUNCTION 

+ INPUT 15 -V. 
-INPUT 16 COMMON 
GAIN 17 +V. 
GAIN 18 + Vs REGULATOR 
VouTIUNFILTERED) 19 REF OUT 
INPUT OFFSET ADJ. 20 REFIN 
INPUT OFFSET ADJ. 21 EXCITATION ADJ. 
OUTPUTOFFSETADJ. 25 HALF·BRIDGECDMP. 
BANDWIDTH ADJ. 1 26 SENSE LOW 
BANDWIDTH ADJ. 2 27 SENSE HIGH 
VouTIFILTERED) 28 VExcOUT 
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1831 

Model IB31AN IB31SDt AC1222 MOUNTING CARD 

BRIDGE EXCITATION 
Regulator Input Voltage Range +9.5Vto +28V 
Output Voltage Raose +4Vto +15V 
Regulator Input/Output Voltage Differential +3Vto +24V 
Output CurrentS lOOmAmax 
Regulation, Output Voltage vs. Supply ±0.05%/V 
Load Regulation, k = ImA to SOmA :!:O.l% 
Output Voltage vs. Temperature ±0.004%?C 
Output Noise, 10Hz to 1kHz' 200"Vp-p 

o 0"0"0" 0"0'''0 O~" o Tl" OUT GND TP4 .. ," 

F1NEGAW ,Tl'2 TPJ 

ADJ. OUTPUJ\ 
OFFSET lmFlLTEAEO 

INPUT OUT JJ 
o OffSET ct-=-e 

IIG ~ 

0 .. '''''''n~ 
"" 

Reference Voltage (Internal) +6.8V ±5% 
Internal Half-Bridge Completion 

Nominal Resistor Value 20kO ± 1% 
Temperature Tracking ±SppmfCmax 

POWER SUPPLY 
Voltage, Rated Performance ± lSVdc 
Voltage, Operating ±12Vto±18Vdc 
Current, Quiescent' +lOmA 

ENVIRONMENTAL 
Temperature Range 

Rated Performance -4O"'Cto +85"C - 55"C to + 125"C 
Operating -4O"Cto +85"C - 55"Cto + 125"C 
Stotage - 4O"'C to + lOO"C -65"Cto + 150"C 

Relative Humidity Oto95%@ +6O"C AC1222 CONNECTOR DESIGNATION 
CASE SIZE 0.83" X 1.64" x 0.25" 0.81" x 1.57" x 0.23" PIN FUNCTION ... FUNCllON 

(21.1 x41.7 x 6.35Omm)max (20.6 x 40.0 x 5.72mm) , +INPUT S VExc: OUT 
-INPUT T SENSE HIGH 

NOTES 
""SpeciflClltionssamcas IB31AN. 
tSD grade available in Spring 1988. 
I Specifications referred to the filtered output at Pin 14. 
2&clusiveofextcmalpin sctdingresistor. 
JUnadjusted filter setting. 
4Filter cutofffrcquency set with external capacitors. 
5Dcratc from + SO"C as shown in Figure 14. 
64. 7~F capacitor from VltEF IN (Pin 20) toCOMM. 
7&cluding bridge excitation's current, and with no loading on the output. 

Specifkations subject to change without notice. 

APPLICATIONS 
The IB31 can be interfaced easily and directly to a wide variety 
of transducers for precise measurement of strain, torque, force 
and pressure. For applications in harsh industrial environments, 
such characteristics as high CMR, low noise and excellent tem
perature stability make the IB31 unsurpassed for use in indicators, 
recorders and controllers. 
The combination of low cost, sma1l size and high performance 
of the IB31 allows the system designer to use one conditioner 
per channel. The advantages include significantly lower system 
noise and high resolution, and elimination of crosstalk and 
aliasing errors. 

FUNCTIONAL DESCRIPTION 
Model IB31 is based on a two-stage amplifier design and an 
adjustable Voltage regulator section, as shown in Figure 1_ The 
front end is a low noise, low drift, instrumentation amplifier 
(IA) that is optimized to amplify low level transducer signals 
(from 2mV full scale) riding on high common-mode voltage 
(± 9.5V)_ The gain of the 1A is programmed by a single resistor 
(IVN to 2500VN) and the input offset nulled out by an external 
potentiometer across the offset adjust Pins 9 and 10. The inverted 
signal (V -INPUT - V + INPUT) is brought out to Pin 8 for applications 
such as vibration and torque testing where the unfiltered output 
is required. 

The signal is also fed to an inverting Butterworth filter with a 
fixed gain of - 2V N. This two-pole filter is preset with a 1kHz 
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2 
3 NIC U BENSELOW 

• GAlNI31 V HALF-BRIDGECOMP. 
5 GAlN14) x .... OUT • VQUTIUNfiLlEREDI Y RUIN 
7 INPUTOFFSET ADJ. 191 Z EXC.ADJ. • INPUTOFFSET ADJ. '101 • OUTPUTOFFSET ADJ. ,. BANDWIDTH ADJ. 1 

" BANDWIDTHADJ.2 
'2 VOUTIRLTlREDJ ,. -v, 
20 COMMON 
2' +V, 
22 +Y,REG 

The ACI222 mounting card is available for the IB31. The ACI222 
is an edge connector card with a 28-pin socket for pJuging in 
the IB31. In addition, it has provisions for installing the gain 
resistor and adjusting the bridge excitation Voltage aDd cutoff 
frequency. Adjustment potentiometers for offset, fme gain and 
excitation are also provided. The ACI222 comes with a Cinch 
251-22-30-160 (or equivalent) edge connector. 

INPUT OFFSET 
ADJ 

'0"" 

1631 

Figure 7_ Block Diagram and Pinout 
corner frequency which can be adjusted downwards to 10Hz by 
using two external capacitors or upwards to 20kHz by three 
resistors. This stage also provides a convenient means of adjusting 
output offset voltage (± 10V) by collIlCCting a SOk.O potentiometer 
to Pin 11. 
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1831 
The bridge excitation section is an adjustable output, regulated 
supply with an internally provided reference voltage ( + 6.8V). It 
is configured as a gain stage with the output preset at + 10V. 
The excitation voltage is increased by connecting a resistor 
between Pins 21 and 26, and decreased by connecting a resistor 
between Pins 19 and 20. Sense lines are provided to compensate 
for lead-wire resistance by effectively bringing the leads into the 
feedback loop. 

For half-bridge applications, two tracking thin-film resistors 
(20k{}), ±SppmI"C max) are connected from VEXC OUT 
(Pin 28) to SENSE LOW (Pin 26). 

OPERATING INSTRUCTIONS 
Gain SettiDg: The differential gain, G, is determined by the 
equation: 

G= 2 + 80k{} 
~ 

where ~ is connected between the GAIN terminals (Pins 3 and 
4) of the m31, as shown in Figure 2. For best performance, a 
low temperature coefficient (Sppmrc) ~ is recommended. For 
fine span adjustment, a 50.0 potentiometer may be connected in 
series with ~. 

NOTES, 

COMM -1BV +1BY 

1000pF 

• USE6ppml"CGAINRESISTOR FOR LOWGAINTEMPCO . 
• ALL TRIM POTS SHOULD BE 100 ppml"CORBETTER 

(TYPE 79PR 1STUANCERMETRECOMMENDED). 

Figure 2. Typical Application 

Input Offset AdjusbDent: To null input offset voltage, an optional 
10k{} potentiometer may be connected across the INPUT 
OFFSET ADJ. terminais (Pins 9 and 10 in Figure 2). With 
gain set at the desired value, connect both inputs (Pins 1 and 2) 
to COMMON (Pin 16), and adjust the 10k{} potentiometer for 
zero volts at Pin 14. For applications using software nulling, 
Pins 9 and 10 shoUld be left unconnected. 

Ontput Offset AdjUSbDent: The output can be offset over the 
± 10V range to compensate for dead load or bridge imbalance 
by using a SOk{} potentiometer connected to Pin 11 as shown in 
Figure 2. Pin 11 is normally grounded if output offsetting is not 
desired. 
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Filter Cutoff Frequency ProgrllDlllling: The low pass filter 
cutoff frequency is internally set at 1kHz. It may be decreased 
from 1kHz by the addition of two external capacitors connected 
as shown in Figure 3 (from Pin 12 to common and between 
Pins 13 and 14). The values of capacitors required for a desired 
cutoff frequency, fc, below 1kHz are obtained by the equations 
below: 

CsELI = O.OISj1.F [1~Z -1] 

CsEL2 = 0.OO22j1.F [1~ -1] 

CSELI can be polarized for large values. 

24011 

NOTE 
• USE5ppmI"CGAlNRESISTOR FOR LOW GAIN TEMPCO 

Figure 3. Narrow Bandwidth Application 

The cutoff frequency may also be increased from 1kHz to 20kHz 
by the addition of three external resistors, connected as shown 
in Figure 4. The equstions for determining the resistor values 
are: 

RsELI = 20knl [1~ -1] 
RsEL2 = 16kn1 [1.Ju -1] 
RsEL3 = 40knI [lk~ -1] 

24011 

NOTE 
• USESpprnJOCGAlNRESlSTQR FORLOWGAINTEMPCO 

Figure 4. Wide Bandwidth Application 
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Table I gives the nearest reaistor and capacitor values for several 
common filter cutoff frequencies. 

fc<Hz) CSELl (p.F) 

10 1.5 
SO 0.27 
100 0.15 
200 0.056 
500 0.015 

RSEL1(W) 

2000 20 
5000 4.99 
10000 2.21 
20000 LOS 

CSEL2 (PP) 

0.2 
0.039 
0.02 
0.0082 
0.0022 

RSEL2 (W) 

16.2 
4.12 
1.78 
0.866 

RSEU(kfl) 

40.2 
10.0 
4.42 
2.21 

Table I. Filter Cutoff Frequencyvs. RSEL and CSEL 

Note: The 2sMHz gain bandwidth product of the IA should be 
considered in high-gain, wide bandwidth configurations. 

Voltage Excitation Programming: The excitation voltage is 
preset to + 10V when Pin 19 is connected to Pin 20. To increase 
VEXC up to + IsV a resistor must be connected between EXC. 
ADJ. and SENSE LOW (Pins 21 and 26) as shown in Figure s. 
For a desired VEXC the resistor value, RElIT, is determined by 
the following equations: 

lOW X VREFOUT 
RT = VEXC-VREFOUT 

20W X RT 
REXT = 20W - RT 

NOTE 

VREFOUT = +6.8V 

TRlMPOTSHOULD BE 100ppmJ"CORBETTER 
(TYPE 79PR 15 TURN CERMET RECOMMENDED). 

Figure 5. Increasing the Excitation Voltage: + 10V to + 15V 
Range. 

To decrease VEXC from + 10V to +4V, a resistor has to be 
connected between REF IN and REF OUT (Pins 19 and 20) as 
shown in Figure 6. The equations to determine the value of 
REXTare: 

VREF IN = 0.68VEXC 

REXT = 10'-'" [VREF OUT I] V 6 8V ".. VREFIN - ; REFOUT = + . 
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A 20kn potentiometer between the REF IN and REF OUT 
pins will span the +4V to + 10V excitation range. A 4.71J.F 
tantalum capacitor from REF IN (Pin 20) to COMMON (Pin 
16) is recommended in all cases to lower the voltage noise at the 
reference input. 

1831 

EXCADJ 

NOTE 
TRIM POT SHOULD BE 100ppml"COR BETTER 
(TYPE 79PH 15 TURN CERMET RECOMMENDED). 

Figure 6. Decreasing the Excitation Voltage: +4V to + 10V 
Range 

The remote sensing inputs should be connected to the transducer 
separately from the excitation leads or jumpered as shown in 
Figure 2. 

Power Supply Decoupling: The power supplies should be de
coupled with IIJ.F tantalum and lOOOpF ceramic capacitors as 
close to the lB31 as possible (Figure 2). 

Input Protection: The differential inputs of the IB31 can be 
protected from accidental shorts to power line voltages (llsV 
rms) by the circuit shown in Figure 7. The back-ta-back diodes 
clan1p the inputs to a maximum of ± 12.SV and were selected III 
for low leakage current. The IskO resistors in series with the I 
inputs will degrade the noise performance of the IB3l to 4.21J. V 
Pop in a bandwidth ofO.IHz to 1kHz. For six-wire load cells in 
harsh environments the additional protection for the sense inputs 
shown in Figure 7 is recommended. 

15"" 
lW' 

+VINo-_~,""""--"",,--{ 

15kO 
lW' 

-VIN o-_ ........ p---...... --{ 

*30k02WRESISTORS FOR240V INPUT PROTECTION 

Figure 7. 115V Input Protection for 1831 

lN963 

lN963 
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PERFORMANCE CHARACTERISTICS 
Input Offset Voltage Drift: Total offset voltage drift is composed 
of input and output drifts and is a function of gain. The lB3l 
typically exhibits ±0.2SJl.VrC RTI drift at a gain of lOOOVN 
over the full temperature range. The RTI voltage offset drift vs. 
gain is graphed in Figure 8. 

100 

10 

~ .. 
I 

t: 
iE 
" 1 t; 

~ 
~ 
~ 0.1 

0.01 
1 

.. ~ 

'" ....... 

10 

1'0. 

100 

GAIN-VN 

-

1000 

Figure 8. Total Input Offset Drift vs. Gain 

10,000 

Low Pass Filter: The two pole Butterworth filter is a multiple 
feedback design with a gain of - 2V N. It is preset at a cutoff 
frequency of 1kHz ( - 3dB) with a 40dB/decade ro1l-off. The 
step response at 1kHz is 1.5ms settling time to 0.1% of final 
value with less than 5% overshoot. The frequency response of 
the filter is shown graphically in Figure 9. 

"--20 

" 

-so 

-100 

0.1 

"-

10 
'-kHz 

" 
"- , 

100 1000 

Figure 9. Filter Amplitude Response vs. Frequency 

Gain Nonlinearity and Noise: Gain Nonlinearity is specified as 
a percent of full-scale output, and for the lB3l it is ± 0.005% 
maximum over the full-gain range. The IA design also offers 
exceptionally quiet performance with typical input noise of 
O.3Jl.V p-p for a 10Hz bandwidth (Figure lOa) and IJl.V p-p for 
a 1kHz bandwidth (Figure lOb). 
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a. Bandwidth =0. 1Hz to 10Hz 

b. Bandwidth = 0.1Hz to 1kHz 

Figure 10. Voltage Noise, RTO @ G= 1000VN 

Common-Mode Rejection: CMR as a function of gain and 
frequency is shown in Figure 11. The best results (14OdB @ 
60Hz) are obtained by programming the low pass filter with a 
10Hz cutoff frequency, which contributes an additional 30dB to 
the 1kHz specification where 60Hz noise is not attenuated by 
the filter. 

.. .., 

140 

120 

I 100 
2 

~ 80 

~ 

I : 
20 

o 

lli-WU I 
IG=:oo~ :--. /' 

UNFILTERED OUTPUT G=1000VN 

....... 1'- ..... FILTERED OUTPUT· 

G=2V/V ....... FILTERED OUTPUT· 

-" 

1 10 100 lk 10k lOOk 
FREQUENCY - Hz 

-1kHz CUTOFF FREQUENCY 

Figure 11. Common-Mode Rejection vs. Frequency and 
Gain 
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Turn On Drift: The input offset of the IB31 stabilizes to within 
IlL V of final value in 5 minutes (Figure 12). The test conditions 
are: 350.0 bridge with + 10V excitation and ambient temperature 
of +25·C. 

v --./ 

/ 
V 

V 
/ 

/ 

WARM-UP TIME - Minutes 

Figure 12. Offset Voltage, RTI, Turn-On Drift 

Bridge Excitation: The adjustable bridge excitation is specified 
over a wide regulator input voltage range (+9.5V to +28V). 
Maximum load current IL as a function of regulator input-output 
differential voltage is shown in Figure 13. The maximum output 
current also depends on ambient temperature and above 50·C a 
derating factor should be derived from Figure 14. 

'00 

~ 
80 

~ 
1'.... 

~ 
" "" 

40 

20 

'0 '5 20 24 25 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL - V 

Figure 13. Excitation Source Input - Output Voltage 
Differential vs. Load Current; Ambient Temperature 
:s25OC. 

APPLYING THE IB31 
Strain Measurement: The IB31 is shown in a strain measurement 
system in Figure 15. A single active gage (1200, Gage Factor = 
2) is used in a bridge configuration to detect fractional changes 
in gage resistance caused by strain. An equivalent resistance 
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CERAMIC PACKAGE :\ 
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~ 0 
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Figure 14. Excitation Source Internal Power Dissipation 
vs. Temperature 

dummy gage mounted adjacent to the active gage provides tem
perature compensation. The rest of the bridge is completed by 
the IB31 internal half-bridge network which consists of two 
20kO, 1% thin-illm resistors tracking to within ±5ppmfOC max. 
Bridge excitation is set at + 4V to avoid self-heating errors from 
the strain gage. System calibration produces a + 1 V output for 
an input of 1000 microstrains. The filter cutoff frequency is set 
at approximately 100Hz. 

ACTIVE 
GAGE 
120n 

0101000tLE 

NOTES 
• USE5ppmfCGAIN RESISTOR FOR LOW GAiNTEMPCO. 
• TRIM POT SHOULD BE 100ppmrcOR BETTER 

(TYPE 79PR 15 TURN CERMET RECOMMENDED). 

Figure 15. Strain Gage Application Using Internal 
Half-Bridge 

Pressure Tranaducer Inferface: A strain gage type pressure 
transducer (Dynisco 800 series) is interfaced to a IB31 in Figure 
16. Regulated excitation of + 10V dc is provided for a 30mV 
full-scale output. The gain is settat 333.3 to achieve a 0-10V 
output for a 0-10,000 psi range of the transducer. A shunt cali
bration resistor is built into the transducer for easy verification 
of the 80% point of its full-scale output. A typical shielding 
scheme to preserve the excellent performance characteristics of 
the IB31 is also shown. To avoid ground loops, signal retum or 
cable shield should be grounded only at one point. 
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NOTE 
• USE 10ppmI"CGAIN RESISTOR FOR LOWGAINTEMPCO. 

COMM -15V +15V 

1000pF 

-v, 

Figure 16. Pressure Transducer Application 

Multiple Load-Cells: For transducer configurations where the 
maximum load current of 100mA of the 1B31 is not sufficient, a 
buffer and a power transistor such as a TIP31 can be used as 
shown in Figure 17. This desigu can supply 300mA at + 10V 
excitation over the full industrial temperature range ( - 25°C to 

+ S5°C). In a multiple IB31 system an added advantage is that 
ratiometric operation can be preserved by using one excitation 
source which also serves as the reference voltage for the system 
ND converter. 

Figure 17. Multiple Load-Cell Application 

Mobile Transducer Application: The small size and reliability 
of the 1B31 make it an ideal choice for mobile applications. 
Since the IB31 requires a negative supply, one possible solution 
for its generation is shown in Figure IS. The positive voltage of 
a + 12V battery is used to drive a CMOS TLC555 oscillator 
with a typical supply current of 360JLA. The output is a square 
wave that is rectified by the diodes and filtered to provide a 
- 9V supply. Excitation voltage should be equal to or less than 
+ 9V for adequate headroom for the IB31 voltage regulator. 

Pressure Transducer Data Acquisition System: Figure 19 
shows a two module solution for microcomputer based data 
acquisition using a 1B31 and an AD1170 IS-bit ND converter. 
A 3m V N pressure transducer (e.g. Dynisco SOO series) is interfaced 
to a 1B31 set up with a gain of 333.3 to give a 0 - 5V output. 
The regulated excitation is + 5V, and for ratiometric operation 
it is also used as the voltage reference input for the AD1170. An 
initial ECAL command establishes the voltage excitation as the 
full-scale input of the AD 1170 and periodic calibration cycles 
keep the converter tracking the reference input. This configuration 
yields very high CMR (16SdB @ 60Hz) enhanced by the 1B31 
low pass filter and the integrating conversion scheme of the 
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Figure 18. Negative Supply Generation for 1831 

AD1170. In addition, fixed offsets caused by bridge imbalance 
can be nulled out by the AD 1170 with a power-up initialization 
command from the microcomputer. This eliminates a poten
tiometer or software overhead which might otherwise be 
needed. 

NOTES 
• lmVIVlOADCEll 
• +5VEXCITATION,15mVFS 
• GAIN =333 
• USE lOppml'CGAIN RESISTOR FORLOWGAINTEMPCO 

Figure 19. Pressure Transducer Data Acquisition Using 
1831 and AD1170 

Isolated Current Loop Interface: The output of the 1B31 can 
be interfaced to a process loop as shown in Figure 20. The 2B23 
module produces an isolated 4-to-20mA output current which is 
proportional to the input voltage and independent of the output 
load resistance. Common-mode input/output isolation is ± 1500V 
pk continuous. 

Figure 20. Isolated 4-20mA Transmitter 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Complete Signal-Conditioning Solution 
Small Package: 28-Pin Double DIP 
Internal Thin-Aim Gain Network 
High Accuracy 

Low Input Offset Tempco: ±O.07".VI"C 
Low Gain Tempco: ±2ppm/"C 
Low Nonlinearity: ±O.OOS% max 
High CMR: 140dB min (60Hz, G=1000VNI 

Programmable Bridge Excitation: +4V to + 15V 
Remote Sensing 
Low Pass Alter (fc=4Hzl 

APPLICATIONS 
Weigh Scales 
Instrumentation: Indicators, Recorders, Controllers 
Data Acquisition Systems 
Microcomputer Analog I/O 

GENERAL DESCRIPTION 
Model 1832 is a precision, chopper-based, signal-conditioning 
component ideally suited for high-accuracy applications of load 
cells and bridge transducers. Packaged in a compact 28-pin 
plastic double DIP, the 1832 takes advantage of hybrid technology 
for high reliability as well as higher channel density. Functionally, 
the signal conditioner consists of three basic parts: a high per
formance chopper-based amplifier, a low-pass filter and an ad
justable transducer excitation source. 

The chopper-based amplifier features extremely low input offset 
tempco of ±0.07j1.Vrc (RT!, G=SOOVN) and excellent non
linearity of ± O.OOS% max over its full gain range of 100 to 
SOOOVN. The 1832 has a thin-film resistor network for pin
strapping the gain to SOOVN or 333.3VN (for 2mVN and 
3mVN load cells). The gain tempco for these fixed gains is a 
highly stable ± 2ppml"C. Additionally, the gain can be set to 
any value in the gain range with two external resistors. The 
amplifier also has a wide-range input referred zero suppression 
capability (± 10V), which can easily be interfaced to a D/A 
converter. The bandwidth of the chopper is 4Hz at G = lOOVN. 

The integral three-pole, low-pass filter offers a 6Od8/decade roll
off from 4Hz to reduce common-mode noise and improve system 
signal-to-noise ratio. 

The 1832's regulated transducer excitation stage features low 
output drift (±40ppmI"C typ) and can drive 1200 or higher 
resistance load cells. The excitation is preset at + 10V with 
other voltages between + 4V and + ISV programmable with 
external resistors. This section also has remote sensing capability 
to allow for lead-wire compensation in 6-wire load cells and 
other bridge configurations. 

REV. A 

Bridge Transducer 
Signal Conditioner 

lB32 I 
FUNCTIONAL BLOCK DIAGRAM 

The 1832 is fully specified over the industrial ( - 2S0C to + 8SOC) 
temperature range. 

DESIGN FEATURES AND USER BENEFITS 
Pin-Strappable Gain: The internal resistor network can be pin
strapped for gains of SOOVN and 333.3VN for 2mVN and 
3mVN load cells. The tracking network guaranteeS a gain tempco 
of ± 6ppmI"C max. 

Custom Trimmable Network: For volume applications, the 
1832 can be supplied with a custom laser trimmed gain network. 
Contact factory for further information. 

Wide Range Zero Suppression: The output can be offset by 
± IOV for nulling out a dead load or to do a tare adjustment. 

Remote Sensing: Voltage drops across the excitation lead-wires 
are compensated by the regulated supply, making 6-wire load-cell 
interfacing straightforward. 

Programmable Transducer Excitation: The excitation source is 
preset for + lOY dc operation without external components. It 
is user-programmable for a +4V to + ISV de range (@ lOOmA) 
to optimize transducer performance. 

Low-Pass Filter: The three-pole active filter (fc = 4Hz) reduces 
60Hz line noise and improves system signal-ta-noise ratio. 
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1832 -SPECIFICATIONS (typical @ +25"C and Vs = ±15V unless otherwise noted) 

GAIN 
Gain Range 
Internal Gain Setting 

Extema1 Gain Equation 

GainIAccuracyl1 
Gain Temperature Coefficient' 
Gain Nonlinearity 

OFFSET VOLTAGES 
Total Offset Voltage, RTl 

Initial,@ + 25"C, G = lOOOVN 
Warm-UpDrift,G = lOOOVN,lOmin 
vs. Temperature ( - 25"C to + 85"C) 

G= lOOOVN 

At Other Gains 

Output Offset Adjust Range 

INPUT BIAS CURRENT 
Initial@25"C 

vs. Temperature ( - 25·C to + 85"C) 

INPUT DIFFERENCE CURRENT 
Initial @ + 25"C 

vs. Temperature(-25"Cto + 85"C) 

INPUT RESISTANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 
Linear Differential Input 
Maximum Differential Input 
CMV Input Range 
CMR, lkO Source Imbalance' 

G= lOOVNto 5000VN @dc 
G=IOOVN,@60Hz 
G= lOOOVN,@60Hz 

INPUT NOISE 
Voltage, G= lOOOVN 

0.182001082 
Current,G= lOOOVN 

O.IHz to 10Hz 

RATED OUTPUT 
Voltage, 2kOLoad, min 
Current 
Impedance,dct02Hz,G= lOOVN 
Load Capacitance 
Output Short Circuit Duration (to Ground) 

DYNAMIC RESPONSE 
Small Signal Bandwidth 

- 3dB Gain Accuracy, G = lOOVN 
G=IOOOVN 

Slew Rate 
Full Power 
Settling Time, G= lOOVN, ± 10VOutput 

Stepto ±O.l% 

LOW PASS FILTER 
Number of Poles 
Cutoff Frequency ( - 3dB Point) 
Roll-Off 
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IB32AN 

lOOVNto5000VN 
333.3VNand500VN 

R 
G= I+R:;G~IOO 
±O.I% 
± 2ppm1"C( ± 6ppmrc max) 
+ 0.005% max 

±40fIoV 
Within ± I flo V of final value 

±0.07f1oV/"C(±0.2f1oV/"Cmax) 

±(0.06 + ~)fIoV/"C 
±IOV 

±3nA 
±50pAI"C 

±3nA 
± 10pA/"C 

lOOMO 
lOOMO 

±O.IV 
+5V 
000 +7.5V 

86dB 
120dB 
I40dBmin 

IfIoVP-P 

3pAp-p 

±lOV 
±5mA 
0.60 
SOOpF 
Indefinite 

4Hz 
3.5Hz 
20V/sec 
0.5Hz 
2sec 

3 
4Hz 
6OdB/decade 

(Continued on next page) 

OUTI.lNEDIMENSIONS 
DimeDsionsshowninincbeaand(mm). 

r- 0.B3(".IIMA' --I 

(33_01 

1 
0.17 
(4.31 

.5 

.B 

___ .L-_ 

f 
0.015 (0.3BI 

MAX 

0.250 
(6.41 MAX 

T BOTTOM VIEW 
-t±:J ,_~ 
---I ~O.05 11.271 GRID 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

I +INPUT 15 V. 
2 -INPUT II COMM 
3 INPUT OFFSET ADJ 17 +V. 
4 NC 18 +V.REG 
5 NC I' REFOUT 
I NC 20 REFIN 
7 NC 21 EXCADJ 
8 SlGNALCOMM 22 NC 
9 EXTGAlNSET 23 NC 

10 333.3 GAIN 24 NC 

" SOOGAIN 25 NC 
12 GAIN SENSE 26 SENSE lOW 
13 GAINCOMM 27 SENSE HIGH 
14 VDUT 26 VEXCOUT 
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Model 

BRIDGE EXClTATlON 
Regulator Input Voltage Range 
Output Voltage Range 
Regulator InputlOutput Voltage Diffen:ntial 
Output Current' 
Regulation, Output Voltage VlI. Supply 
Load RcsuJation, IL = lmA to SOmA 
Output Voltage VlI. Temperature ( - 2S"C to + 85"C) 
OutputNoise,O. 1Hz to 10Hz' 
Reference Voltage (InternaI) 
Sense & Excitation Lead Resistance 

POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent' 

ENVIRONMENTAL 
Temperature Range 

Rated Performance 
Operating 
Storage 

Rdative Humidity 

CASE SIZE 

NOTES 
'Usiasintemolnetwork forpin. 

IB32AN 

+9.SVto +28V 
+4Vto+1SV 
+3Vto+24V 
lOOmAmax 
±O.OS%IV 
±0.1% 
±4OppmI"C 
3OO ... Vp-p 
+6.8V ±S% 
100 max 

±ISVde 
± 12Vto ± 18V de 
+4mA,-lmA 

- 2S"C to + 8S"C 
-4OOCto +8S"C 
-4OOCto + lOO"C 
Oto 95%, NoncondensiDg,@ + 6O"C 

0.83" x 1.64" x 0.25" 
(21.1 x 41.7 x 6.3Smm) max 

1832 

'ForpiD-strapped pin. The tempcoofthe iDdividuol tbin-6lm resistors;' :!: SOppmI"Cma. 
'3V p-p60Hzc:ommon·modesipol ..... in telllOIUp. 
'Dente ZmAJ'C from + 5O'C. 
'4.711l'~torfromREFIN(PinZO)IOCOMM. 
'ExducliDabriclaeescitatioDcurrenllDliwithnoloocliDiontheoulJllll. 

Spec:ifications IUbject 10 c:baqe withoul DOtice. 

ACI224 Mounting Card 

fool°o---------•. ,,"u,--------t.1 

4.125 
1104.17) 
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AC1224 GAIN SETTINGS VIA SWITCH SI 

GAIN S1-1 S1-2 S1-3 
333 CLOSED OPEN CLOSED 
500 OPEN CLOSED CLOSED 
EXTERNAL OPEN OPEN OPEN 

AC1224 CONNECTOR DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

T VEXcOUT 1 + INPUT 
U SENSE HIGH 2 -INPUT 
V SENSE LOW 12 VOUT 
X REF OUT 19 -Vs 
y REF IN 20 COMM 
Z EXCADJ 21 +Vs 

22 +VsREG 

The AC1224 mounting card is available for the IB32. The ACI224 
is an edge connector card with a socket for plugging in the 
IB32. In addition it has provisions for switch selecting internal 
gains as well as installing gain resistors. Adjustment pots for 
offset, fine gain and excitation are also provided. The ACI224 
comes with a Cinch 251-22-30-160 (or equivalent) edge 
connector. 
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1832 
FUNCTIONAL DESCRIPTION 
Model IB32 is based on a switched capacitor, chopper based 
amplifier followed by an active filter and an adjustable voltage 
regulator section for excitation. The ultralow drift chopper 
samples the difference between the + INPUT and - INPUT at 
190Hz. The signal is modulated, amplified and then demodulated. 
This stage introduces a pole with a 20dB/decade rolloff from 
4Hz. The high-level signal is then filtered by a two-pole active 
filter with a 4Hz cutoff frequency to give a ± lOY output. The 
clock signal for the chopper is generated by an on-board 
oscillator. 

As shown in Figure 1, the gain can be pin-strapped by an internal 
resistor network. Standard gains of 333.3 and 500 can be achieved 
by this method with gain tempco of ± 6ppmf'C max. Finally, 
the offset adjust of the amplifier is input referred, and requires 
a voltage input similar to the differential input voltage to implement 
wide range suppression. 

Figure 1. 1832 Block Diagram and Pinout 

The bridge excitation section is an adjustable output, regulated 
supply with an internally provided reference voltage ( + 6.SV). It 
is configured as a gain stage with the output Preset at + 10V. 
The excitation voltage is increased by connecting a resistor 
between Pins 21 and 26. Sense lines are provided to compensate 
for lead-wire resistance by bringing the leads into the feedback 
loop. 

OPERATING INSTRUCTIONS 
Ground Connections: Signal common (Pin S) and power common 
(Pin 16) are not internally connected within the IB32. These 
pins must be connected together externally or excessive current 
will be drawn. 

Gain Setting: The differential gain of the IB32 can be either 
pin-strapped or programmed externally with two resistors. The 
internal thin-film gain network (Figure I) provides gains of 500 
and 333.3 for standard load-cell sensitivities of 2mVIV and 
3mVIV. This is achieved by connecting GAIN SENSE (Pin 12) 
to GAIN COMM (Pin 13) and grounding Pin 10 or Pin 11 
(Figure 2). The gain tempco using the internal network is an 
excellent ± 2ppml"C typ (± 6ppml"C max). 

To program the gain externally, two resistors are connected as 
shown in Figure 3. The gain equation is: 

G= I + R" 
R, 

The gain-strapping Pins (10 and 11) and GAIN SENSE (Pin 12) 
are left unconnected, effectively floating the internal network. 
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COMM -15V + 15V 

Figure 2. Intemal Gain Strapping 

Figure 3. External Gain Setting 

Offset Adjusbnent: The input-referred offset adjust has the 
same sensitivity as the inputs of the IB32. The voltage level at 
INPUT OFFSET AD} (Pin 3) is gained by the same factor as 
the input signal to provide a ± lOY output adjust. Figure 2 
shows an external network and potentiometer set up for a ± 7.Sm V 
span at the input, which gives a ± 2.5V (7.SmV x 333.3) output 
adjust capability. Wider ranges can be chosen with the appropriate 
resistor and potentiometer values. 

Note: If offset adjuSbnent is not required, Pin 3 must be 
grounded. 

Voltage Excitation Programming: The excitation voltage is 
preset to + lOY. To increase VEXC up to + ISV a resistor must 
be connected between EXC AD} and SENSE LOW (Pins 21 
and 26) as shown in Figure 4. 

The V s (REG) input (Pin IS) must be raised to + ISV to satisfy 
the + 3V min input-output voltage differential of the regulator. 
Consult the Performance Characteristics section for safe operating 
conditions of the regulator. For ,a desired V EXC the resistor 
value, REXT, is determined by the following equations: 

10k!} x V REF OUT 
RT = VEXC-VREFOUT ; VREFOUT = +6.SV 

20kH X RT 
REXT = 20kH RT 

The + lOY to + ISV range can be covered by a 20k{} potentiometer 
between REF IN (Pin 20) and REF OUT (Pin 19). REXT of 
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Figure 4. Constant Voltage Excitation: + 10V to + 15V 
Range. 

200kfl is recommended for fine adjustment at + lOY excitation 
voltage. 

Similarly to decrease VEXC down to +4V, connect a 20kfl 
potentiometer between Pins 19 and 20, as shown in Figure S. 

Figure 5. Constant Voltage Excitation: +4V to + 10V 
Range. 

A 4.7,..F tantalum capacitor from REF IN (Pin 20) to COMMON 
(16) is recommended in all cases to lower the voltage noise at 
the reference input. 

The remote sensing inputs should be connected to the transducer 
separately from the excitation leads or jumpered as shown in 
Figure 2. The resistance of the excitation and sense lines should 
not exceed Ion. 
Power Supply: The Vs REG input (Pin 18) should be connected 
to + V s (Pin 17) even if the bridge excitation section is not 
used. Also the power supplies should be decoupled with I,..F 
tantalum and 10000F ceramic capacitors as close to the 1832 as 
possible (Figure 2). 

Input Protection: The 1832 differential inputs can be protected 
from accidental shorts to power line voltages (1I5V rms) by the 
circuit shown in Figure 6. The back-ta-back diodes clamp the 
inputs to a maximum of ± 12.5V and were selected for low 
leakage current. The 15kfl resistors in series with the inputs 
will degrade the noise performance of the 1832 to 4,.. V pop 
(0. 1Hz to 10Hz). When interfacing with six-wire load cells in 
harsh environments, input protection for the sense inputs is also 
recommended (Figure 6). 

REV. A 

1832 

'51d} 
'w· 

+VIN 

'N963 

15kn 
'w· -Vw 

'N083 

-30kfi2WRESlSTORS FOR24OVINPUTPROTECnON 

Figure 6. 115V Input Protection 

PERFORMANCE CHARACTERISTICS 
Input Offset Voltage Drift: The chopper front end of the 1832 
gives it excellent input offset stability. As shown in Figure 7, it 
typically exhibits drift of ±0.07,..Vrc RTI at a gain of IOOOVN 
(±75,..Vrc RTO). The measurement is twa-point, and is taken 
at - 250C and + 85OC, which covers the specified temperature 
range of the 1832. 
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Figure 7. Total Output Offset Drift vs. Gain 
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1832 
Common-Mode Rejection: CMR as a function of frequency is 
shown in Figu(e 8. Test conditions are a 3V pop common-mode 
signal and IkO source imbalance. The CMR improves with 
increasing gain. Note that the 4Hz filter enhances the CMR 
performance above the comer frequency by attenuating the 
normal-mode signal at 6OdB/decade. 

Gain NonHnearity and Noise: Gain NonHnearity is specified as 
a percent of full-scale output, and for the IB32 it is ± 0.005% 
max over the full span. The chopper design also offers exceptional 
low-noise performance, with typical input noise of l,..V POp in 
the O.IHz to 10Hz bandwidth (Figure 9). 

Figure 9. Voltage Noise, 0. 1Hz to 10Hz, G = 1000 

Low-Pass Filter: The IB32 has three poles at 4Hz in its design. 
One is introduced in the amplifier, while the other two are 
provided by an active Butterworth filter following the amplifier. 
Total roll-off is 60dB/decade from 4Hz. The frequency response 
of the filter is shown in Figure 10. 

.. .., , 
w 
C 

50 

50 

0 

~ 3 
0 

:i 
2 0 

0 

0 
0.01 0.1 

........ 

\ 

\ 
\ 
\ 

10 100 
fREQUENCY _ Hz 

Figure 10. Filter Amplitude Response vs. Frequency, 
G=500 

Tum-On Drift: The IB32 offset voltage typically stabilizes to 
within l,..V of its final value in 10 minutes (Figure II). The test 
conditions are: 350n bridge with a + lOY exciolation and ambient 
temperature of + 25°C. 
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Bridge Excitation: The adjustable bridge excitation is specified 
over a wide regulator input voltage range ( + 9.5V to + 28V). 
Maximum load current IL as a function of regulator input-output 
differential voltage is shown in Figure 12. The maximum output 
current also depends on ambient temperature, and above + 50°C 
a derating factor of 2mAl"C must be applied. The safe operating 
region for internal power dissipation vs. temperature is graphed 
in Figure 13. 
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Figure 12. Excitation Source Load Current vs. Input-Output 
Voltage Differential, 525°C 

r---i' 
500 

s: 
E , 400 
Z 

§ 
300 !a 

c 

'" ~ 
il 200 

I'" 
'" "\ SAFE OPERATING REGION 

'\. 
;I 
Z 

~ 100 O! 

-25 +25 +50 +75 +86 

AMBIENT TEMPERATURE - ·c 

Figure 13. Excitation Source Internal Power Dissipation 
VB. Temperature 

REV. A 



APPLYING THE 1832 
Pressure TraDSClucer Interface: A strain gage type pressure 
transducer (Dynisco 800 series) is interfaced to a 1832 in Figure 
14. Regulated excitation of + 10V de is provided for a 30mV 
full-scale output for a 0-10,000 psi range of the transducer. A 
shunt calibration resistor is built into the transducer for easy 
verification of the 80% point of its full-scale output. A typical 
shielding scheme to preserve the excellent performance charac
teristics of the 1832 is also shown. To avoid ground loops, 
signal return and cable shield should be grounded only at one 
point. 

COMM 
-15Y +16V 

Figure 14. Pressure Transducer Interlace 

Pressure Transducer Data Acquisition System: A two module 
solution for microcomputer based data acquisition using a IB32 
and an ADl170 18-bit AID converter is shown in Figure 15. A 
3mVN pressure transducer (e.g. Dynisco 800 series) is interfaced 
to a IB32 configured with a gain of 333.3, to provide a 0 to SV 
output. The regulated excitation is + SV, and is used as the 
reference input for the AD 1170 to produce ratiometric operation. 

1832 
This configuration yields very high CMR enhanced by the IB32 
low pass filter and the integrating conversion scheme of the 
AD1170. 

NOTES 
• 3mVIV Load Cell 
• + 5V EJi:citetion, l5mY FS 
• 0.ln=333.3 

Figure 15. Auto-Calibrating Data Acquisition Using 
1832 and AD1170 

In addition, fiDei offsets caused by bridge imbalance can be 
nulled out by the AD1170 with a power-up initialization command 
from the microcomputer. The full-scale outpUt of the 1832 and 
transducer can be normalized to the AD 1170 full scale through 
the electronic calibration command ECAL. Both the offset and 
full-scale correction data will then be stored in nonvolatile memory 
to eliminate the need for the trim process after each power-up. 
The AD1l70 eliminates a potentiometer or software overhead 
which might otherwise be needed for these functions. 

Multiple Load-CeUs: For transducer configuratiODS where the 
maximum load current of the 1832 is not sufficient, a buffer 
and a power tranSistor such as a TIP31 can be used as shown in • 
Figure 16. This approach will supply 300mA at + 10V excitation 
over - 25"C to + 8S"C temperature range. In a multiple 1832 
system an added advantage is that ratiometrlc operation can be 
preserved by using the excitation voltage as the reference for the 
system AID converter. 

SENSE LOW 

1832 

VOUT 14 

0-10V 

Figure 16. Multiple Load-Cell Application 
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1832 
Mobile Transduc:er Applications: The small size and reliability 
of the IB32 make it an excellent choice for mobile applications. 
Since the IB32 requires bipolar supplies, a possible circuit to 
provide the negative voltage is shown in Figure 17. The CMOS 
TLC555 is powered by a + 12V battery, and typically draws 
3601!A. Tik: output is a square wave that is rectified by the 
diodes and filtered to provide a - 9V supply. Excitation voltage 
should be equal to or less tiuul + 9V for adequate headroom for 
the lB32 voltage regulator. Note that the IB32 will operate with 
± 9V supplies as long as the excitation voltage and the output 
range are less than 5V. 

Figure 17. Negative Supply Generation for 1B32 

DlGITALINPUT 
MSB LSB 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 

Digital Output Offset Adjust: A lO-bit multiplying DAC such 
as the AD7533 can be used to control the output offset of the 
IB32 as shoWn in Figure 18. The DAC is configured for unipolar 
operation with an AD OP-07 generating a voltage output. This 
O-lOV output is attenuated by RJ and Rsm. and superposed on 
another fIXed voltage derived from Vaxc. Thus the voltage at 
Pin 3 (INPUT OFFSET ADJUST) is insensitive to the tempco 
of the excitation voltage since it is also used as the reference of 
the DAC. For best performance RJ and Rz should track to 
± 5ppmrc. As an example, a ± 5V output adjustment can be 
obtained by using RSEL = 2000 for G = 500 and Vaxc = 
10V. 

TO PIN 28 
1832 VDO (+15V) 

R, 
200kn 

R _ VADJ x 200k 
SEl-~ 

R, 
100kn 

Figure 18. Output Offset Adjust Using a 1o-Bit DAC 

ANALOG OUTPUT 
(Eo as shown in Figure 18) 

-VREFG~~!) 
-VREF(I~~) 

( 512) VREF 
-VREF 1024 = -2-

- VREF(I~~~) 
-VREF(024) 

- VREF(lO~4) = 0 

Table I. Unipolar Binary Code Table 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete RTD Signal Conditioning Solution 
Resistor Programmable Linearization 
Lead Resistance Compensation 
High CMV Isolation: 1500 V rms Continuous 
High Accuracy 

Low Input Offset Tempco: 0.002 {WC 
Linearization Conformance: ±0.1% FSR 
High CMR: 160 dB (60 Hz, G = 1000 VIV) 

Small Package: 1.O"x2.1"xO.35" DIP 
Low Pass Filter (fe = 3 Hz) 
Pin Compatible with 1B51 Isolated mV/Thermocouple 

Conditioner 

APPLICATIONS 
Multichannel RTD Temperature Measurement 
Industrial Measurement and Control Systems 
Data Acquisition Systems 

GENERAL DESCRIPTION 
The IB41 is a precision, isolated, RTD signal conditioner that 
incorporates a circuit design utilizing transformer based isolation 
and automated surface mount manufacturing technology. It pro
vides an unbeatable combination of versatility and performance 
in a compact plastic package. Designed for measurement and 
control applications, it is especially suited for harsh environ
ments with extremely high common mode interference. Unlike 
expensive solutions that require separate dcldc converters, each 
IB41 generates its own floating current excitation, providing 
true low cost channel-to-channel isolation. 

Functionally, the signal conditioner consists of four basic sec
tions: chopper stabilized amplifier, isolation, current excitation 
and output ftIter. The amplifier section allows an RTD resis
tance range of 20 n to 5 kn. Wide range zero suppression can 
be implemented at this stage. 

The isolation section has complete input to output galvanic iso
lation of 1500 V rms continuous by the use of transformer cou
pling techniques. A stable sensor excitation provides 0.25 rnA 
for most RTD applications. For platinum RTDs the excitation 
is internally compensated to provide an output that is linear 
with temperature. Filtering at 3 Hz is implemented by a passive 
antialiasing ftIter at the input and a two-pole active ftIter at the 
output. Overall NMR is 60 dB and CMR is 160 dB min @ 
60Hz. 

The IB41 is fully specified over -25°C to +85°C and operates 
over the industrial (-40°C to +85°C) temperature range. 

REV. A 

Isolated RTD 
Signal Conditioner 

1B41 I 
FUNCTIONAL BLOCK DIAGRAM 

DESIGN FEATURES AND USER BENEFITS 
Ease of Use: The IB41 has direct RTD interface with mini
mum external parts required to get a high-level, conditioned 
signal. 

Lead Resistance Compensation: Voltage drops in RTD lead 
wires are compensated by the use of matching current sources in 
thelB41. 

High Noise Rejection: The combination of a chopper stabi
lized front end with a low pass ftIter provides high system accu
racy in harsh industrial environments as well as good rejection 
of 50/60 Hz noise. 

Small Size: The IB41 package size (l.OO"x2.I"x0.35") and 
functional completeness makes it an excellent choice in systems 
with limited board space and clearance. 

Wide Range Zero Suppression: This input referred function is 
a convenient way to null large input offsets. A single resistor 
value sets the RTD resistance for which the output is zero volts. 

Low Pass Filter: The three-pole active ftIter (fe = 3 Hz) re
duces 50/60 Hz noise and aliasing errors. 
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1 B41-SPECIFICATIONS (typical @ +25°C and Vs = +15 V unless otherwise noted) 

Model 

INPUT SPECIFICATIONS 
Sensor Type 
Linear Input Resistance Range 
Max InputVoltage Range 
Input Offset 
Input Offset Tempco 
Max CMV, Input to Output 

ac, 60 Hz, Continuous 
Continuous, de 

CMR, @ 60 Hz, I kO Source Imbalance 
NMR,@60Hz 
Common Mode Transient Protection 
Sensor Current Excitation 
Current Source Matching 

OUTPUT SPECIFICATIONS 
Voltage, 2 kO Load, min 
Current 
Output Offset Voltage 

Initial 
vs. Temperature 

Output Noise, de to 100 kHz 
Impedance, de 

ACCURACY 
Gain Accuracy' 
Gain Tempco (0 to +7O'C) 

(-25"C to +85"C) 
Gain Nonlinearity 
Linearization Conformance 

Pt 100 0 
o to +6OO'C 
o to +2OO"C 
o to + lOO"C 
-IOO"C to + lOO"C 

Lead Wire Compensation 

DYNAMIC RESPONSE 
Bandwidth, - 3 dB 

POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiesceri.t 

ENVIRONMENTAL 
Temperature Range 

Rated Performance 
Operating 
Storage 

Relative Humidity 

CASE SIZE 

NOTES 
·Spc:cifi<atioas ...., as IB4IAN. 
'All specificalioDs use the .... circuit of Fqpue I. 
'Ihcludiaa ........ nJllinlresistor mon. 
Spec:ificatioDs subject to dwJae without nocia:. 

IB41AN 

Pt 100 0 @' O"C, II = 0.00385, 0.00392 
20 0 to 5 kO Full Scale 
+IVto-5V 
0.5 0 (2 0 max) 
0.002 nrc (0.01 nrc max) 

1500 V rms 
±2000 V peak 
160 dB min 
60 dB min 
IEEE-STD 472 (SWC) 
0.25 mA 
1.5 IIA 

±\OV 
±5mA 

50 mV typ 
175.,.Vrc 
I mVpk-pk 
0.10 

2% FSR (5% FSR max) 
±50 ppmfOC 
±75 ppmfOC 
±0.035% 

O.I%FSR 
0.09% FSR 
0.06% FSR 
0.06% FSR 
0.06% FSR 
om 010 

de to 3Hz 

±15 V de 
±13.5 V to ±18 V 
+12mA, -4mA 

- 25"C to + 85"C 
-4O'C to +85"(; 
-4O'C to +85"C 
o to 95% @ 6O"C 

U)"x2.I"xO.3S" 
(25.4xS3.3x8.9) mm 
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IB41BN 

· • · • 
• 

· · · • · · · 
· • 
25 mV typ 
SO.,.VI'C 
• · 
· · · ±0.025% 

• · · · · 
• 

· • · 
· · • · • · 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0'03~]0'35 (G.76) (8.9) 

0.1S ~ t MAX 
(3.81) 0.018 
MIN .-- (0.46) 

I j.-O.80(20.3)lYP--j sa. PIN 

~~: 11 
0.1.L 

(2.54) 
TYP, 

0.1s L 

1.80 

: I 
(3.81) .!:=J:±±:t:±:±±:lt4=!---t~ 
lYP'\.- ...j 1-0.1 

1.00 (HA) MAX --I ~) 

AC 1227 MATING SOCKET 

PIN DESIGNATIONS 

PIN DESIGNATION 
1 HI 
2 PROT HI 
3 RTD EXC 
4 ICOM 
5 LO 
6 Rz EXC 

16 +15V 
17 -15V 
22 Vo 
23 GND 
33 LIN 
35 +VISO 
36 LIN 
37 GAIN 
38 FB 
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INSIDE THE 1841 
Referring to the functional block diagram, the ± IS V power 
inputs provide power to both the output side circuitry and the 
power oscillator. The 25 kHz power oscillator provides both the 
timing information for the signal demodulator and drives trans
former T2 for the input side power supplies. The secondary 
winding of T2 is half wave rectified and filtered to create the 
input side power. 

1B41 Functional Block Diagram 

Dual current sources of 0.25 rnA are derived from the floating 
power supply and accomplish 3-wire compensation as well. This 
creates a voltage difference between the RTD and Rz. This 
voltage is applied to the chopper stabilized differential amplifier. 
Linearization can be implemented at this stage by a simple 
jumper option. This creates a bow in the current source that 
nulls out the nonlinearity of Pt 100 RTDs. 

The signal input (HI) is single pole filtered for noise rejection 
and antialiasing. PROT HI is the output node of the filter, and 
is used only for special input applications as described in the 
applications section of this data sheet. 

The chopper stabilized gain stage amplifies the differential input 
voltage with a gain set by external resistors. 

The signal is amplitude modulated onto a 25 kHz carrier and 
passed through the signal transformer T1. The synchronous 
demodulator restores the signal to the baseband. A two-pole 
active low pass stage filters out clock noise and completes a 
three-pole Butterworth filter formed with the input pole. 

USING THE 1841 
Range Setting: The gain of the IB41 is controlled on the input 
side by a pair of user provided resistors (see Fignre 1). A feed
back resistor of 20 kG ± 1 % is required between the feedback 
pin (Pin 38) and the gain pin (Pin 37). The gain setting resistor 
is connected between the gain pin (Pin 37) and input side com
mon (Pin 4). 

In the equations below Rz is the value of the RTD resistance at 
the temperature at which zero volts ouptut is desired, RHS is the 
resistance of the RTD when the temperature is the average of 
the zero ouput temperature and the full-scale temperature, and 
Rps is the resistance of the RTD at the full-scale temperature. 

RG = 20 knt(G-l) 

RLlN = 6.1 kG(2Q-3)/(2-Q) 

where Q'" aRps/aRHs 
G '" (20 kntaRFS)(Q-l) 
aRFS = RFS-Rz 
aRHS = RHS-Rz 
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1841 

1841 

RTD 

Figure 1. 1B41 Basic Hookup 

Since gain and linearization are interactive, it is recommended 
that any offset and span errors be removed in software or at a 
later stage in the data acquisition circuitry. 

The accuracy of the resistor values must be taken into account 
when calculating the initial gain accuracy of an application. The 
initial accuracy of the IB41 must then be added to the resistor 
errors to predict the total accuracy. Likewise, the ratiometric 
temperature coefficient of the gain and feedback resistors must 
be added to the temperature coefficient of the IB41 to predict 
the total resulting thermal drift. 

3-Wire Compensation: The IB41 accomplishes 3-wire compen
sation by using matched current sources on both RTD EXC 
(Pin 3) and Rz EXC (Pin 6). Figure 2 shows lead wires with 
resistances of RLl, RL2 and RL3• The following equation de
scribes the error voltage caused by lead resistance and the cur
rent source mismatch. 

VERROR = I1RL3 -lzRL2 

This equation depends upon the matching of the wire resistance 
and the matching of the IB41 current sources. When all leads 
have the same resistance and the current sources are matched, 
no error is introduced. 

For 2-wire RTDs, ICOM (Pin 4) can be connected as shown in 
Figure 1. This does not compensate for lead wire resistance. 

RTO 

Figure 2. 3-Wire Compensation 
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1841 
Note that since the current sources are in fact cutTen! sinks, as 
the RTD resistance increases, the voltage at HI (Pin 1) gets 
more negative. This causes the output of the IB4l to get more 
positive. 

Example: A 100 n platinum RTD, a = 0.00385, is 100 n at 
O°C, 138.50 n at 100OC, and 175.84 n at 200°C. 

Rz = 100 n, RHs = 138.50 n, RFs = 175.84 n 

175.84-100 
Q = 138.50-100 = 1.9699 

6.1 kn(2 x 1.9699- 3) 
RLIN = (2 -1.9699) 190.46 kn 

20kn 
Ra = 255.78-1 = 78.5 n 

PERFORMANCE 
CMR and NMR: Common mode rejection is a result of both 
isolation and filtering, and is dependent on signal frequency, 
conditioner gain and source impedance imbalance. 

The CMR performance is also enhanced by low pass filtering, 
giving an effective CMR of 160 dB at 60 Hz (fe = 3 Hz) at the 
output of the filter. 

Gain Nonlinearity: IB4l gain nonlinearity is dermed as the 
deviation of the output voltage from the best straight line and is 
specified as % peak-to-peak of a ± 10 V output span. 

APPLICATION EXAMPLES 
Input Protection: Although the IB41 provides ± 1500 V of 
common mode protection, it is sometimes desirable to have 
some level of normal mode protection as well. The signal input 
of the IB41 is normally less than 500 m V but could be very 
large under a fault condition. 

RTD 

lN4005 

Figure 3. 120 VI240 V AC Normal Mode Input Protection 
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Referring to Figure 3, the inputs and current sources show 
240 V rms protection. The PN3906 pnp transistors are used for 
the diode properties of the base emitter junction. When the 
emitter is more positive than the base, the transistor functions as 
a forward biased diode. When the emitter is negative with re
spect to the base, the junction is a very low leakage Zener diode 
with a breakdown voltage of about -8 V. This serves as a volt
age clamp for LO and PROT HI. A fault voltage applied be
tween ICOM and either of the two inputs will appear mostly 
across the 40 kn resistor. The power dissipated in the resistor is 
approximately I.44W for a 240 V fault. 

Each current source is protected by a MOSFET and a diode. 
The MOSFET is an n-channel enhancement mode device. The 
RTD EXC and Rz EXC pins are normally about -3.5 V with 
respect to ICOM. The voltage at +VISO is about +6.5 V, yield
ing a VGS of about 10 V. For normal operation, the FET must 
be saturated on. A device with a threshold voltage of less than 
5 V at 1 rnA IDS guarantees saturation. 

The V DS breakdown voltage must be greater than the expected 
fault voltage. At 240 V rms, the peak voltage is 339V, so the FET 
must have a breakdown voltage of at least 350 V. The power 
dissipation requirements are miuimal, however. The power dis
sipated in the FET under fault mode is 240 VXO.25 mAxO.5 
= 30 mW. The factor of 0.5 is due to the 50% duty cycle. 
This allows a compact TO-92 packaged device, such as the 
VN0650. 

During the other half of the cycle, the fault voltage is applied 
across the series diode. The diode must have a reverse break
down voltage of at least 350 V. 

Other RTD Measurements. The IB41 can be configured for 
making differential measurements using 2-wire RTDs. As shown 
in Figure 4, the two RTDs are connected between ICOM and 
HI and LO. The current sources at Rz EXC and RTD EXC 
create a differential signal across HI and LO that IS proportional 
to the difference in resistance of the two RTDs. The following 
equation shows how to calculate Ro for applications where hard
ware linearization is not desired. 

40kn 
Ra=--

G-2 

The LIN pins (Pins 33 and 36) must be left unconnected to 
maintain a constant current source. 

Figure 4. Differential RTD Measurement 
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~ANALOG 
WDEVICES 

FEATURES 
Functionally Complete Precision Conditioner 
High Accuracy 

Low Input Offset Tempco: :t:0.1 .... V/·C 
Low Nonlinearity: :t:0.025% 
High CMR: 160dB (60Hz. G=1000VIV) 

High CMV Isolation: 1500V rms Continuous 
240V rms Input Protection 
Small Package: 1.O"x2.1"xO.35" DIP 
Isolated Power 
Low Pess Filter (fc =3Hz) 
Pin Compatible with 1841 Isolated RTD Conditioner 

APPUCATIONS 
Multichannel Thermocouple Temperature 
Measurement 
Low Level Date Acquisition Systems 
Industrial Measurement & Control Systems 

GENERAL DESCRIPTION 
The lBSl is a precision, mV/thermocouple signal conditioner 
that incorporates a circuit design utilizing transformer based iso
lation and automated surface mount manufacturing technology. 
It provides an unbeatable combination of versatility and perfor
mance in a compact plastic package. Designed for measurement 
and control applications, it is specially suited for harsh environ
ments with extremely high common-mode interference. Unlike 
costlier solutions that require separate dddc converters, each 
lBSI generates its own input side power, providing true, low 
cost channel-to-channel isolation. 

Functionally, the signal conditioner consists of thr!:e basic sec
tions: chopper stabilized amplifier, isolation and output fIlter. 
The chopper amplifier features a highly stable offset tempco of 
:t:O.l,..VfC and resistor programmable gains from 2 to 1000. 
Wide range zero suppression can be implemented at this stage. 

The isolation section has complete input to output galvanic iso
lation of lSOOV rms continuous using transformer coupling tech
niques. Isolated power of 2mA at ±6.2V is provided for ancil
lary circuits such as zero suppression and open-input detection. 
Filtering at 3Hz is implemented by a passive antialiasing fIlter at 
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Isolated mVIThermocouple 
Signal Conditioner 

1851 I 
FUNCTIONAL BLOCK DIAGRAM 

the front !:Dd and a two-pole active fIlter at the output. Overall 
NMR is 60dB and CMR is l60dB min @ 60Hz, G= 1000. 

The lBSl is specified over - 2S·C to + 8SoC and operates over 
the industrial (-40"C to + 8S·C) temperature range. 

DESIGN FEATURES AND USER BENEFITS 
High Noise Rejection: The combination of a chopper stabilized 
front end with a low pass fIlter provides high system accuracy in 
harsh industrial environments as well as excellent rejection of 
SO/60Hz noise. 

,Input Protection: The input is internally protected against III 
continuous application of 240V rms. 

Low Cost: The IBSI offers a very low cost per channel for 
high performance, isolated, low level signal conditioners. 

Wide Range Zero Suppression: This input referred function 
is a convenient way to null large input offsets. 

Low Pass Filter: The three pole active fIlter (fc =3Hz) reduces 
60Hz noise and aliasing errors. 

Small Size: The IBSI package size (J.0"x2.1"x0.35") and 
functional completeness make it an excellent choice in systems 
with limited board space and clearance. 
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1 B51-SPECIFICATIONS (typical @ +25°C and Vs = ±15V unless otherwise noted) 

Model 

GAIN 

Gain Equation 

Gain Error 
Gain Temperature Coefficient' 
Gain Nonlinearity 

OFFSET VOLTAGES 
Input Offset Voltage 

Initial, @ +25"C (Adjustable to Zero) 
... Temperature 
vs. Time, Noncumulative 

Output Offset Voltage 
Initial 
VI. Temperature 

INPUT OFFSET CURRENT 
Initial 

... Temperature 

INPUT BIAS CURRENT 
Initial@ +25"C 

... Temperature 

INPUT IMPEDANCE 
Power On 
Power Off 

INPUT VOLTAGE RANGE 
Linear Dift'erentiallnput 
Max CMV, Input to Output 

ac, 60Hz, Continuous 
Continuous, de 

CMR @ 60Hz, Ikn Source Imbalance, G = 1000 
NMR@6OHz 
Transient Protection 

INPUT NOISE 
Voltage, O.IHz to 10Hz, Ikn Source Imbalance 

RATED OUTPUT 
Voltage, 2kn Load, min 
Cunent 
Output Noise, de to 100kHz 
Impedance, de 

FREQUENCY RESPONSE 
I13ndwidth, -3dB 

ISOLATED POWER 
Voitage,NoLoad 
Cunent 
Regulation, No Load to Full Load 
Ripple 

POWER SUPPLY 
Voltage, Roled Perfonnance 
Voltage, Operating 
Cunent, Quiescent 
PSRR 

ENVIRONMENTAL 
Temperature Range 

Roted Performance 
Operating 
Storage 

Relative Humidity 

CASE SIZE 

NOTES 
·Specifications same as IBSIAN. 
iSee sraph in text. 
Specilica ..... subject ro ....... without notico. 

IB5lAN 

G=[I+~l x 2 

1% max 
50ppmfC 
±0.035% (±0.05% max) 

25",V (IOO",V max) 
±O.I",Vrc (±0.5",Vrc max) 
±I",V/month max 

-SOmv 
-175",vrc 

0.6nA (2.5nA max) 
±2.5pAf'C (12.5pAf'C max) 

10nA 
10pAf'C 

50M!l 
40knmin 

±IOmVto ±5V 

1500V nus 
±2000V 
I60dBmin 
60dB min 
IEEE-STD 472 (SWC) 

I",Vp-p 

±IOV 
±5mA 
ImVp'p 
0.10 

de to 3Hz 

±6.2V±5% 
2mA 
7.5% 
250mV p-p 

±15V de 
±J3.5V to ±18V 
+l2mA@ +15V, -4mA@ -15V 
O.I%N 

-25"C to +85"C 
-4O"C to +85"C 
-4O"C to +85"C 
o to 95% @ +6O"C 

J.OO"x2.IO'xO.35" 
(2S.4x53.3x8.9)mm 

10-92 SIGNAL CONDITIONING COMPONENTS 

IB51BN 

· · · ±0.025% (±0.04% max) 

· · · 
-25mV 
-50",Vrc 

· · 
· · 
· · 
· · · · · · 
· 
· · · · 
· 
· · · · 
· · · · 
· · · · · 

OUTLINE DIME NSIONS 
hes and (mm). Dimensions shown in inc 

•.•• ...L ,3.11' 
~=+1'" .... ~' =-

MIN, 

...L 1-·· .. ' .. ·3'TVP1 
0.01 • , .... , 

SQ.P1N 

-1-1 .... ,8.1' 

T~ 17 22 
1. 

B01TOM 
VIEW 

-'-'1 ~~, --, MAX 

•.. 1. , .... , 
TVPT '( 

.... 
(40.81 

ott ..... ...l.. f-i ; 
13.81 

TVP TI ~ 
~1.00 (25.4) MAX 

PINDESIGNA TIONS 

PIN DESIGN ATION 
1 HI 
2 PROT HI 
4 ICOM 
5 LO 

16 +15V 
17 -15V 
22 Vo 
23 GND 
34 -VISO 

35 +V1SO 

37 GAIN 
38 FB 
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1851 

Functional Block Diagram 

INSIDE THE 1851 
Referring to the functional block diagram, the ± 15V power in
puts provide power to both the output side circuitry and the 
power oscillator. The 25kHz power oscillator provides the tim
ing information for the signal demodulator and drives power 
transformer T2 for the input side power supplies. The second
ary winding of T2 is half wave rectified and fIltered to create the 
input side bipolar unregulated supplies. 

The signal input (HI) is single-pole fIltered for noise rejection 
and antialiasing. The protection clamps limit the voltage at 
PROT HI to ±8V. Thus, a large voltage applied between HI 
and input common (I COM) appears mostly across the input 
resistor. 

The chopper stabilized gain stage amplifies the differential input 
voltage with a gain set by external resistors. The voltage at the 
inverting input of the chopper stabilized amplifier (LO) should 
be equal to the input voltage at which the desired output voltage 
is zero. This is a true input referred zero suppression function. 

The signal is amplitude modulated onto a 25kHz carrier and 
passed through the signal transformer Tl. The synchronous de
modulator restores the signal to the baseband. A two-pole active 
low pass stage fIlters out clock noise and completes a three-pole 
Butterworth fIlter formed with the input pole. 

+v.so 

\ 
\ 

1851 ~ 
I 

I 

/ 

I 
I 

-VISO 340)-----------+ 

Figure 1. InputGainSettingandZeroSupression 
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USING THE IB51 
Gain Setting: 
The gain of the IB51 is controlled on the input side by a pair of 
user provided resistors (see Figure 1). A feedback resistor of 
between 10kO and 20kO is required between the feedback pin 
(FB) and the gain pin. The gain setting resistor is connected 
between the gain pin and input side common (ICOM). The gain 
equation is 

G=[I+i:]X2 

Gains of 2-1000 can be achieved by adjusting this ratio. 

The accuracy of the resistor values must be taken into account 
when calculating the initial gain accuracy of an application. The 
initial accuracy of the 1851 must then be added to the resistor 
errors to predict the total accuracy. Likewise, the ratiometric 
temperature coefficient of the gain and feedback resistors must 
be added to the temperature coefficient of the IB51 to predict 
the total resulting thermal drift. 

It is possible to use a trimming potentiometer to correct for ini
tial gain and system gain errors. The feedback resistor can be 
comprised of a resistor in series with a trimming potentiometer, 
as long as the total resistance remains between IOkO and 20kO. 
Alternatively, the gain resistor can also be an adjustable resistor. 
In general, the greater the trim range, the coarser the resolution. 

Zero Suppression: 
Since the IB51 is a differential input device, true input referred 
zero suppression can be accomplished (see Figure I). A voltage 
reference powered by the input side power supplies is applied to 
the LO terminal. Since the transfer function is 

Vo = (V(HI) - V(LO)) x GAIN 

the input voltage for which the desired output is zero should be 
applied to the LO pin. The equation is 

Vz = 1.25(Ri(R[ + R2)) 

Any drift of this input zero suppression voltage appears as offset 
drift, so a temperature stable reference should be used. The 
source impedance at the LO terminal should be kept below 
lkO. 
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1851 
Open Input Detection: 
The IBSI can sense an open thermocouple or broken input line 
with the addition of an eJfternal resistor. By connecting a 
220M{} resistor between the HI pin and the positive or negative 
isolated supply, an open input will cause a positive or negative 
full scale output, respectively. 

To preserve the normal mode input protection capability of the 
IBSI, the resistor must be able to withstand 220Vac. A high 
voltage rating can be obtained by connecting lower value resis
tors in series. 

Cold Junction Compensation: 
When using a thermocouple as an input to the IBSI, a second 
thermocouple junction is formed at the terminations of the ther
mocouple wires, commonly referred to as the cold junction. The 
measured output voltage of the sensor is the voltage generated 
by the thermocouple minus the voltage generated by the cold 
junction. 

Since thermocouples are specified with OV representing OOC, it 
would be ideal to maintain the cold junction at OOC. A more 
practical approach involves adding a temperature dependent 
voltage to the thermocouple signal so as to oppose the cold junc
tion effectS. This type of correction is known as cold junction 
compensation. 

Many different methods are commonly used to implement cold 
junction compensation. Usually a thermistor or a semiconductor 
sensor is used to generate the cold junction voltage. The slope 

of the cold junction voltage must be the same as that of the ther
mocouple. Therefore, the cold junction compensation depends 
on the thermocouple type. 

Sometimes, one cold junction compensation sensor is used by a 
number of thermocouple channels. This is accomplished by 
measuring the temperature of the ·connection block directly, and 
adding the appropriate voltage to each uncompensated thermo
couple channel after the gain has been taken. In aU cases, the 
cold junction sensor must be in the thermal proximity with the con
nection block. 

Figure 2 shows a monolithic cold junction compensation device 
used with the IBSl. The Aualog Devices AC1226 measures the 
ambient temperature and generates the appropriate cold junction 
voltage for several different thermocouple types. 

'PIN NUMBER DEPENDS ON THERMOCOUPLE TYPE. 
SEE ACl226 DATA SHEET FOR DETAILS. 

Figure 2. 1851 Cold Junction Compensation 

TYPICAL PERFORMANCE CURVES (@TA=+25°C, Vs =±15V) 
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High Performance, 4-20mA Output 
VOltage-to-Current Converter 

FEATURES 
Complete, No External Components Needed 
Small Size: 1.1" x 1.1" xOA" Module 
Input: 0 to +10V; Output: 4 to 20mA 
Low Drift: o.OO5%fC max; Nonlinearity: 0.005% max 

(2B20B) 
Wide Temperature Range: _25°C to +85°C 
Single Supply: +10V to +32V 
Meats ISA Std 50.1 for Type 3, Class Land U, Nonisolated 

Currant Loop Transmitters 
Economical 
APPLICATIONS 
Industrial Instrumentation and Control Systems 
D/A Converter - Current Loop Interface 
Analog Transmitters and Controllers 
Remote Data Acquisition Systems 

GENERAL DESCRIPTION 
Model 2B20 is a complete, modular voltage-to-current con
verter providing the user with a convenient way to produce 
a current output signal which is proportional to the voltage 
input. The nominal input voltage range is 0 to +10V. The out
put current range is 4 to 20mA into a grounded load. 

Featuring low drift (0.005%fC max, 2B20B) over the -25°C 
to +85°C temperature range and single supply operation (+10V 
to +32V), model2B20 is available in two accuracy grades. The 
2B20B offers precision performance with nonlinearity error 
of 0.005% (max) and guaranteed low offset error of ±0.1 % 
max and span error of ±0.2% max, without external trims. The 
2B20A is an economical solution for applications with lesser 
accuracy requirements, featuring nonlinearity error of 0.025% 
(max), offset error of ±o.4% (max), span error of ±0.6% (max), 
and span stability of o.ol%fC max. 

The 2B20 is contained in a small (1.1" x 1.1" x 0.4"), rugged, 
epoxy encapsulated package. For maximum versatility, two 
signal input (VJNl and VJN2) and two reference input (REFJNl 
and REFJN2) terminals are provided. Utilizing terminals VJNl 
and REFJNl eliminates the need for any external components, 
since offset and span are internally calibrated. If higher accu
racy (up to ±0.01 %) is required, inputs VJN2 and REFJN2 with 
series trim potentiometers may be utilized. 

APPLICATIONS 
Model 2B20 has been designed for applications in process con
trol and monitoring systems to transmit information between 
subsystems or separated system elements. The 2B20 can serve 
as a transmission link between such elements of process con-
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trol system as transmitters, indicators, controllers, recorders, 
computers, actuators and signal conditioners. 
In a typical application, model 2B20 may act as an interface 
between the D/A converter output of a microcomputer based 
system and a process control device such as a variable position 
valve. Another typical application of the 2B20 may be as a 
current output stage of a proportional controller to interface 
devices such as current-to-position converters and current-to
pneumatic transducers. 

DESIGN FEATURES AND USER BENEFITS 
Process Signal Compatibility: To provide output signal com- • 
patibility, the 2B20 meets the requirements of the Instrument I 
Society of America Standard S50.1, "Compatibility of Analog 
Signals for Electronic Industrial Process Instruments" for Type 
3, Class Land U, nonisolated current loop transmitters. 

External Reference Use: F or increased flexibility, when ratio-
metric operation is desired, the 2B20 offers a capability of 
connecting an external reference (i.e., from multiplying D/A 
converter) to the REFJN2 terminal. 

Wide Power Supply Range: A wide power supply range (+10V 
to +32V dc) allows for operation with either a +12V battery, 
a + 1 5V powered data acquisition system, or a +24 V powered 
process control instrumentation. 
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2820 -SPECIFICATIONS (typical @ +25·C and Vs = :!:15V unless otherwise noted) 

Model, 2820A 28208 

INPUT SPECIFICATIONS 
Voltage Signal Range o to +lOV 
Input Impedance 10kO 

OUTPUT SPECIFICATlONS 
Current Output Rangel 
Load Resistance Range' 

4 t020mA 

Vs =+12V o to 3500 max 
Vs= +15V Oto SOOOmax 
Vs= +24V o to 9500 max 

NONLINEARITY (% of Span) ±o.02S%max ±0.005%max 

ACCURACy3 

Warm-Up Time to Rated Sfecs 1 minute 
Total Output Error @ +25 C3 •4 

Offset (VIN = 0 volts) ±0.4%max ±O.l% max 
Span (VIN =+10 volts) ±o.6%max ±0.2%max 

vs. Temperature (-2S·C to +8S·C) 
Offset (VIN= 0 volts) ±o.OI %t'C max ±O.OOS%t'C max 
Span (YIN = +10 volts) ±O.Ol%'·C max ±o.005%'·C max 

DYNAMIC RESPONSE 
Settling Time - to 0.1% of F.S. 

for 10V Step 251ls 
Slew Rate 2.5mA'lls 

REFERENCE INPUT' 
Voltage +2.5V dc 
Input Impedance 10kO 

POWER SUPPLY 
Voltage. Rated Performance +1SV dc 
Voltage. Operating +10V to +32V dc max 
Supply Change Effect (% of Span)6 

on Offset ±O.OOS%IV 
on Span ±o.OOS%1V 

Supply Current 6mA+ ILOAD 

TEMPERATURE RANGE 
-25·C to +85·C Rated Performance 

Storage -SS·C to +12S·C 

CASE SIZE 1.125" X 1.125" 
X 0.4'" 

NOTES 
·Specifications same as 2B20A. 
1 Current output sourced into a grounded load over a supply voltage range of +10V to +32V. 
:3 See Figure 1 for the maximum load resistance value over the power supply range. 
:s Ac~uracy is guaranteed with no external trim adjustments when REFIN is connected to REF OUT. 
4 All accuracy is specified as % of output span where output span is 16mA (to.1 %-±O.016mA 
output error), 

'Reference input is normally connected to the reference output (+2.SV de). 
6 Optional trim pots may be used for calibration at each supply voltage. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

r- 1.1' (28.71 MAX -j J. 

~B20 0.41 (1DA) .L MAX 

-t 
~OO.26 0.04(1.02) 

(0 TO eAl DIA: 1 
8 1.13 (28.71 

~tilljjX 
~;-I ~ ~ -ll-°il~ 

0.1 (2.6) GRID 

BOTTOM VIEW 
WEIGHT: 106 Gram5 

MATING SOCKET. ACI016 

WAD RESISTANCE RANGE 
'The load resistance is the sum of th e resistances 
of all connected receivers and the connection 
lines. The 2820 operating load resistance is 
power supply dependent and will decrease by 
SO ohms for each 1 volt reduction in the power 
supply. Similarly, it will increase by SO ohms 
per volt increase in the power supply, but must 
not exceed the safe voltage capability of the unit. 

1.6" 
1.35k 
1.251< 

! '" 
I 

~ 750 

'" 0 c 500 9 
'" 

260 

MIN MAX 
POWER SUPPl V (+Vsl - Volts 

At. MAX" (V;.,:n~1 (nl 

Figure 1. Maximum Load Resistance VS. 

Power Supply 
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PRINCIPLE OF OPERATION 
The design of the 2B20 is comprised of high performance op 
amps, precision resistors and a high stability voltage reference 
to develop biasing and output drive capability. The 2B20 is 
designed to operate from a single positive power supply over a 
wide range of +lOV to +32V dc and accepts a single ended, 0 
to + ~OV voltage input. The internal reference has nominal out
put voltage of +2.SV (REF OUT) and is used to develop 4mA out
put current for a zero volts input when REFIN is connected 
to REFOUT. 

The output stage of the 2B20 utilizes a sensing resistor in the 
feedback loop, so the output current is linearly related to the 
voltage input and independent of the load resistance. There is 
no minimum resistance for the loads driven by the 2B20; it 
can drive even a short circuit with no damage to the unit. The 
maximum resistance of the load as seen by the unit (resistance 
of the load plus the resistance of the connecting wire) is lim
ited. The maximum external loop resistance, RL, is given by: 

( +VS - SV ) 
RL (.Q) max = 20mA 

Figure 1 shows the operating region of the 2B20. The load 
must be returned to power supply common. The voltage 
appearing between loUT (pin 5) and COM (pin 2) should not 
exceed Vrnax = +Vs - SV. Exceeding this value (up to +32V 
dc) will not damage the unit, but it will result in a loss of 
linearity. 

The basic connections of the 2B20 are shown in Figure 2. 

lOUT 

4 TO 20mA 

RLOAD 
(RECEIVER) 

Figure 2. 8asic Connections Diagram 

OPTIONAL CALIBRATION AND TRIM PROCEDURE 
Model 2B20's factory trimmed offset error is to.l % max and 
span error is to.2% max (2B20B). In most applications, further 
trimming win not be required. If it is necessary to obtain cali
brated accuracy of up to to.Ol %, or, if a high signal source 
resistance (with respect to lOk.l1) introduces calibration error, 
inputs VIN2 and REFIN2 and optional trim pots should be 
used with VINl and RliFINl open. To perform external trims, 
connect soon potentiometers in series with VIN2 (span trim) 
and REFIN2 (offset trim) as shown in Figure 3. Adjust span 
pot, monitoring voltage drop across RLoAD, to obtain an out
put voltage of S.OOOV (IOUT= 20mA) for a +lOV input. Next, 
with 0 volts input, adjust offset pot to obtain 1.000Voutput 
(IoUT=4mA). Check both offset and span and retrim if neces
sary after each adjustment. 
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Applying the 2820 

Figure 3. Model 2820 Connections Using Optional Offset 
and Span Trims 

CONNECTING THE 2B20 FOR 0 TO lOrnA OUTPUT 
The 2B20 may be utilized in applications requiring 0 to lOrnA 
current output for a 0 to + lOV input voltage range as shown 
in Figure 4a. To obtain OmA output for OV input, adjust the 
offset potentiometer until there is no current flowing in the 
output. The 2B20 span calibration may be adjusted by a 2k.l1 
gain potentiometer in series with the VSIG input. 

-15V 

Figure 4a. 2820 Configuration for 0 to 10mA Operation 

CONNECTING THE 2B20 FOR 0 TO 20mA OUTPUT 
The 2B20 may also be configured for use in applications 
requiring 0 to 20mA output for a 0 to +lOV input range as 
shown in Figure 4b. To obtain OmA output for OV input, 
adjust the offset potentiometer. The 2B20 span calibration 
may be adjusted by a 2k.l1 gain potentiometer in series with 
the VSIG input. 

v, 

4.22k 

-15V 

Figure 4b. 2820 Configuration for 0 to 20mA Operation 
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2820 
OUTPUT PROTECTION 
In many industrial applications, it may be necessary to protect 
the 4 to 20rnA output from accidental shorts to ac line volt
ages. The circuit shown in Figure 5 can be used for this pur
pose. The maximum permissible load resistance will be lowered 
by a fuse resistance value when protection circuitry is utilized. 

O.lpF 
SOV 

FUSE (5.8.) 

1/18A 

G.E. Rt.OAD 
VARISTOR 
V2JZA1 

Figure 5. Output Protection Circuitry Connections 

APPUCATIONS 
Interfacing Voltage Output D/A Converters: The 2B20 is well 
suited in applications requiring 4 to 20mA output from 
DI A converters. The voltage necessary to power the current 
loop CIII! be derived from the same +l5V supply that is used 
to power the converter. The D/A converter, such as the l2-bit 
AD DAC80, should be connected for operation on the uni
polar 0 to +10V output range. This is shown in Figure 6. After 
the load resistor connection has been made, the current 
loop can be calibrated using the offset and span adjustment 
potentiometers associated with the 2B20 (or the AD DAC80). 
First, a digital input code of all ones is loaded into the D/A, 
and the offset adjustment potentiometer is adjusted for a 
current output of exactly 4mA. Then, a digital code of aliOs 
is loaded into the D/A, and the span adjustment potentiometer 
is adjusted for a voltage across the load that corresponds to a 
current of 20mA -1LSB = 19.9961mA. 

R, 

Figure 6. AD DACBO - 4 to 20mA Current Loop Interface 

Interfacing Olrrent Output D/A Converters: To interface cur
rent output D/A converters, such as the AD562, a circuit con
figuration illustrated in Figure 7 should be used. Since the 
AD562 is designed to operate with an 'external + lOV reference, 
the same external reference may be utilized by the 2B20 for 
ratiometric operation. The output of the AD562 is used to 
drive the summing junction of an operational amplifier to pro
duce an output voltage. Using the internal feedback resistor of 
the AD562 provides a 0 to +lOV output voltage range suitable 
to drive the 2B20. 
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Figure 7. 12-Bit - 4 to 20mA Cu"ent Loop Interface 

Microcomputer - Olrrent Loop Interface: Figure 8 shows a 
typical application of the 2B20 in a multichannel microcom
puter analog output system. When a microcomputer is to con
trol a final control element, such as a valve positioner, servo
mechanism or motor, an analog output board with 4 to 20mA 
outputs is often necessary. The output boards typically have 
from one to eight channels, each with its own D/A converter. 
The 2B20, in a compact package, allows for an easy installation 
without any additional components and offers a 12-bit system 
compatible performance. 

Figure B. Microcomputer Analog Output Subsystem 

Pressure Control System: In Figure 9, model 2B20 is used in a 
proportional pressure control system. The 3-15psi working 
pressure of a system is monitored with a pressure transducer 
interfaced by the model 2B31 signal conditioner. The high level 
voltage output of the 2B31 is converted to a 4 to 20mA to 
provide signal to the limit alarm and proportional control cir
cuitry. A current-to-position converter controlling a motorized 
valve completes the pressure-control loop. 

Figure 9. Proportional Pressure Control System 

Isolated 4 to lOrnA Output: For applications requiring up to 
±1500V de input to output isolation, consider using Analog 
Devices' model 2B22 isolated voltage-to-c:urrent converter. 
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FEATURES 
Wide Input Range: 0 to +1V to 0 to +10V 
Standard Output Range: 4 to 20mA 
High CMV Input/Output Isolation: 1500V de Continuous 
Low Nonlinearity: 0.05% max, 2B22L 
Low Span Drift: 0.oo5%fC max, 2B22L 
Single Supply: +14V to +32V 
Meets IEEE Std 472: Transient Protection (SWC) 
Meets ISA Std 50.1: Isolated Current Loop Transmitters 

APPLICATIONS 
Industrial Instrumentation and Process Control 

Ground Loop Elimination 
High Voltage Transient Protection 

D/A Converter - Current Loop Interface 
Analog Transmitters and Controllers 
Remote Data Acquisition Systems 

GENERAL DESCRIPTION 
Model 2B22 is a high perfonnance, compact voltage-to-cur
rent converter offering ls00V de input to output isolation in 
interfacing standard process signals. The input stage of the 
model 2B22 is single resistor programmable to accept voltage 
ranges from 0 to +lV to 0 to +10V. The isolated output cur
rent range is 4 to 20mA, and the 2B22 can be operated with 
o to 100011 grounded or floating loads. 

Using modulation techniques with transformer isolation for 
reliable performance, the 2B22 is available in three accuracy 
selections offering guaranteed nonlinearity error (2B22L: 
±O.Os% max, 2B22K: ±0.1% max, and 2B22J: ±0.2% max) 
and guaranteed low span drift: ±O.OOs%/C max, ±0.01 %/C 
max, and ±O.Ols%/C max, respectively. The internally trim
med span and offset errors are ±0.1 % max for the 2B22L and 
±0.2s% max for the 2B22J/2B22K. Both span and offset are 
adjustable by the optional external potentiometers. 

Featuring a wide range, single supply operation (+14V to 
+32V), the 2B22 provides isolated +28V loop power and is 
capable of delivering rated current into an external 0 to 100011 
load resistance. The unique outpu t stage configuration also al
lows the user to utilize an optional external loop power supply 
to interface systems designed for a two-wire operation. 
APPLICATIONS 
Model 2B22 has been specifically designed for high accuracy 
applications in process control and monitoring systems to offer 
complete galvanic isolation and protection against damage 
from transients and fault voltages in transmitting information 
between subsystems or separated system elements. The 2B22 
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High Performance, Isolated 
Voltage-to-Current Converter 
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FUNCTIONAL BLOCK DIAGRAM 
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meets the requirements of the Instrument Society of America 
Std. 50.1 "Compatibility of Analog Signals for Electronic 
Industrial Process Instruments" for Type 4, Class U isolated 
current loop transmitters. 

In the industrial environment, model 2B22 can serve as a 
transmission link between such system elements as transmit
ters, indicators, controllers, recorders, computers, actuators 
and signal conditioners. In data acquisition and control sys
tems, the 2B22 may act as an isolated interface between the 
0/ A converter output of a microcomputer and standard 4 to III 
'20mA analog loops. 

DESIGN FEATURES AND USER BENEFITS 
High Reliability: Model 2B22 is a conservatively designed, 
compact module capable of reliable operation in harsh 
environments. To assure high reliability, the 2B22 has a 
calculated MTBF of over 270,000 hours and has been de
signed to meet the IEEE Standard for Transient Voltage 
Protection (472-1974: Surge Withstand Capability). 

Process Signal Compatibility: The versatile input stage design 
with a single resistor gain adjustment enables the 2B22 to ac
cept anyone of the standard inputs-0-1 V, O-lOV, l-sV; or 
l-smA, 4-20mA, 10-S0mA; and provide standard, isolated 
4-20mA output. 

Isolated Loop Power: Internal 28V de loop supply, completely 
isolated from the input power tenninals (±ls00V dc isolation>, 
provides the capability to drive 0 to 100011 loads and elimi
nates the need for an external dc/dc converter. 

SIGNAL CONDITIONING COMPONENTS 10-99 



2822 -SPECIFICATIONS (typical @ +25"& and Vs = ±15V unless otherwise noted) 

INPUT SPECIFICATIONS 
Vo\tase SigMI Range, G -1.6mAN 

G=16mAIV 
GsinRange 
Maximum Safe Input 
Input Impedance 

OUTPUT SPECIFICATIONS 
CUrrent Output Range 
Load Resistance Range. Vs = +14V to +!ZV. 

Internal Loop Power 
Maximum Output Current. 

@ Input OVerload 
Output Ripple, 100Hz Bandwidth 

G=1.6mAIV 

NONLINEARITY ('16 of Span) 

CMV, INPUT TO OUTPUT 
IC, 60Hz. 1 Minute Duration 
Continuous, ac or de 

CMR, INPUT TO OUTPUT 
60Hz. Ike Source Imbalance 

ACCURACY' 

lB21J 

o to +lOV 
Oto+1V 
1.6 to 16mAIV 
+lSV 
lOAm 

4to 20mA 

o to 10000 max 

2SmA 

60jJApk=pk 

to.2'16max 

lS00Vrms 
±1S00V pk max 

90dB 

Warm Up Time to Rated Performance 5 Minutes 
Total Output Error@+2SoC·,2 

Offoet (VIN =OV) to.2S'16 max 
Span (VIN = +10V) ±0.2S'16 max 

VI. Temperature (0 to +70·C, G = 1.6mAIV) 
Offoet (VIN = OV) to.Ol 'I6f C max 
Span (VIN = +10V) to.01S'I6I·C max 

vs. Temperature (0 to +10oC) 
Offset (VIN = OV, G = 1.6mAIV to 

16mAN) 
Span (G = 1.6mAIV to 16mAN)' 

D~NAMIC RESPONSE 
Settling Time - to 0.1'16 of F.S. for 10V Step 
Slew Rate 

REFERENCE INPUT 
Voltage 
Input Impedance 

OSCILLATOR 

to.ol'16fc 
±o.olS'I6fC 

300j.lS 
0.06mAlj.IS 

+2.SV de 
6kU 

100kHz ± 10'16 

lB22K 

to.l'16 max 

to.2S'I6max 
to.25% max 

to.oos'I6fc max 
to.Ol'l6fCmax 

to.oos'I6fc 
to.ol'l6fC 

Frequency I Internal Oscillator 
External Sync Input 

Frequency 
Wavefonn 

100kHz ± 10% max .. 
Square wave, 

Voltage 

POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating 
Supply Current (at Full Scale Output) 

Using Internal Loop Power 
Using External Loop Power 

Supply Change Effect (% of Span) 
on Offoet (VIN = OV) 
on Span (VIN = +lOV) 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Stol'!JC 

CASE SIZE 

NOTES 

50'16 duty cycle 
20V P1' 

+lSVdc 
+14V to +32V de 

100mA 
SOmA 

to.OOOS'I6N 
to.OOOS'I6IV 

o to +70oC 
_25°C to +7SoC 
-SSoC to +8SoC 

2.2" X 3" X 0.6" 

I Accuracy is suuanteed at G,. 1.6mAIV with no external trim 
. adjustments when connected as shown ill Figure 1. 
I All accuracy is'Mlo of span where span is 16mA (:to. I" • :l:O,Ol6mA error) • 
• Span T.e. for pinsbigber than t.6mAN is R(; dependeDt - slow T.e. 

(:tIOppmt'C) Rc is recommended for best perfonnance. 

·Specifications same: as 2822J. 

SpecirlCl.tions subject to cih .. without notice. 
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2B22L 

to.OS'I6max 

to.l'l6max 
±G.t%- max 

to.002S'I6I· C max 
to.oos'I6fc max 

to.0025'16fc 
to.oos'I6fc 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

i-----a.GCMAXI77.21-----i 

MODEL 2B22 

LL,---------rr-' 

1 aEFOUT 

2 REF IN 

, GAIN 

" GAIN 

5 INPUT 

• SlGCON 

7 PWRCOM 

'+'4 
• SYNC IN 

10SYNCOUT 

80TT0MVI£W 
WEIGHT: 1150 .... 1. 

o.CMOI1.C~1 

RRENTOUT 11 

-CURRENT OUT 1 

+VuxwOUT 13 

--I f-- 0.112.&41 GRID 

INTERCONNECTION DIAGRAM 
Model 2B22 can be applied direcdy to 
achieve rated performance as shown in 
Figure 1 below. The input stage gain of 
1.6mAN, to convert a 0 to +10V signal 
into a 4 to 20mA output current, is ob
tained with the values shown. A single 
polarity power supply (+14V to +32V dc) 
should be connected to pin 8. To elimi
nate ground loops, the user should ensure 
that the signal return (common) lead does 
not carry the power supply current. Pow
er common (pin 7) and signal common 
(pin 6) should be tied at the power supply 
common terminal. The voltage difference 
between pins 6 and 7 should not exceed 
0.2V. An internal dc-dc converter pro
vides isolated output loop power (pins 13 
and 14), which is connected externally to 
the current output terminals (pins 11 and 
12) and a load resistance. The standard 4 
to 20rnA current output signal is delivered 
into any external load between zero and 
10000. 

~-----'~~o~------~ 
:t;111OOV dc MAX 

NOTE: ReIiItDn R"o and Ro .. 1%. &Oppmrc Metal Flbn Type. V.IIIS 
~ .. forG "'1.6mAIV. forO '" 18mA1V, u.1OppmrC Rg 
.ndIiC)ppnifC Ro. 

Figure 1. Basic Connections 
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FUNCTIONAL DESCRIPTION 
The high performance of model 2B22 is derived from rhe 
carrier isolation technique which is used to transfer both signal 
and power between the VII converter's input circuitry and the 
output stage. High CMV isolation is achieved by the transform
er coupling between the input amplifier, modulator section 
and rhe current output circuitry. The block diagram for model 
2B22 is shown in Figure 2 below. 

The 2B22 produces an isolated 4 to 20mA output current 
which is proportional to the voltage input and independent of 
rhe load resistance. The input amplifier operates single-ended 
and accepts a positive voltage wirhin 0 to + 10V range. Gain 
can be set from 1.6mAIV to 16mAIV by changing the gain 
resistor RG to accommodate input ranges from 0 to + 1 V (G = 
16mAIV) to 0 to +10V (G = 1.6mAIV). The transfer function 
is lOUT = (4mA + G X VIN). 

An internal, high stability reference has nominal output volt
age of +2.5V (REF OUT) and is used to develop a 4mA output 
current for a 0 volts input. The terminals REF OUT (pin 1) 
and REF IN (pin 2) should be connected via rhe offset setting 
resistor Ro. For ratiometric operation, an external reference 
voltage can be connected to rhe REF IN terminal. 

The 2B22 is designed to operate from a single positive power 
supply over a wide range of +14V to +32V dc. An internal 
dc-dc converter provides isolated + 28V loop power which is 
independent of +Vs. The maximum resistance of the load RL 
(resistance of rhe receivers plus the resistance of the connec
ting wire) is lOOO~2. Since the loop power is derived from the 
input side, the current capability of rhe power supply (+Vs) 
must be 100mA min to supply full output signal current. 

2822 r--...-<!'~1 ril,,?RRENT 
·0 

GAIN rCi}--~--~---r:==:::h -I"----'--cy ., 
GAIN 

~-------r::;::;;;:::ll __ ..r--:C=--"---<',;'\'3 + 28V 
(.!! VLOOPOUT 

14 -

Figure 2. Block Diagram - 2B22 

OPTIONAL TRIM ADJUSTMENTS 
Model2B22 is factory calibrated for a 0 to +10V input range 
(G = 1.6mA1V). As shipped, rhe 2B22 meets its listed specifica
tions wirhout use of any external trim potentiometers. Addi
tional trim adjustment capability, to reduce span and offset 
errors to ±O.05% max, is easily provided as shown in Figure 3. 
The span and offset trim pots are adjusted while monitoring 
rhe voltage drop across a precision (or known) load resistor. 
The following trim procedure is recommended: 
1. Connect model 2B22 as shown in Figure 3. 
2. Apply VIN = 0 volts and adjust Ro (Offset Adjust) for 
VOUT=+2V ±4mV. 
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Applying the 2B22 
3. Apply VIN = +lO.OOV and adjust ~ (Span Adjust) for 
VOUT = +10V ±4mV. 

Figure 3. Optional Span and Offset Adjustment 

GAIN AND OFFSET SETTING 
The gain of the 2B22 is a scale factor setting that establishes 
rhe nominal conversion relationship to accommodate +lV to 
+ 10V full scale inputs (VIN). The value of the gain setting re
sistor RG is determined by: RG(kft) = 6.314SF/(lO.1 - SF) 
where SF is a scale factor equal to the value of VIN F.S. Ex
ample: to convert a 0 to + 1 V inpu t to the 4 to 20mA outpu t, 
SF = 1 and RG = 693ft. Due to device tolerances, allowance 
should be made to vary RG by ±5% using the potentiometer. 

The value of the offset resistor RO is independent from the 
gain setting and given by rhe relationship: Ro (kft) = 2.5 
(VREF - 2.4) where VREF is the reference voltage applied. For 
example, rhe reference provided by rhe 2B22 is +2.SV and 
rherefore Ro = 250ft. The accuracy of the RO calculation from 
from the above formula is ±5%. When an external reference 
operation is desired (i.e. for ratiometric operation), connect 
rhe reference voltage via Ro to pin 2 and leave pin 1 open. 

EXTERNAL LOOP POWER OPERATION 
For maximum versatility, the 2B22 's output stage is designed 
to operate from rhe optional, isolated external loop power sup
ply. This feature allows the user to interface systems wired for 
a two-wire operation. As shown in Figure 4, the same wiring is 
used for loop power and output. The load resistance is con
nected in series with an external dc power supply (+6V to 
+32V), and rhe current drawn from the supply is the 4 to 
20mA output signal. The input stage of the 2B22 still requires 
+Vs power, but rhe current drain from +Vs is limited to SOmA. 
Use of an external loop power may require gain and offset 
trimming to obtain specified accuracy. The maximum series 
load resistance depends on the loop supply voltage as shown 
in Figure 4. 

05101620263035 

EXTERNAL +VLDOP - Volts 

Figure 4. Optional External Loop Power Operation 
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2822 
SYNCHRONIZING MULTIPLE 2822'S 
In applications where multiple 2B22 's are used in close prox
imity, radiated individual oscillator frequencies may cause 
"beat frequency" related output errors. These errors can be 
eliminated by synchronizing multiple units by connecting the 
SYNC OUT (pin 10) terminal to the SYNC IN (pin 9) terminal 
of the adjacent 2B22. The SYNC OUT terminal of this 
"slaved" unit can be used to drive another adjacent 2B22 
(Figure 5). For best accuracy, each 2B22 should be retrim
med when synchronizing connections are used. 

Figure 5. Multiple 2822's Synchronization 

OUTPUT PROTECTION 
The current output terminals (pins 11 and 12) are protected 
from shorts up to + 3 2V dc but in many industrial applications, 
it may be necessaty to protect the 4 to 20mA output from 
accidental shorts to ac line voltages in addition to back EMF 
induced from long output connections. The circuit shown in 
Figure 6 can be used for this purpose. The maximum per
missible load resistance will be lowered by a fuse resistance 
value when protection circuitry is utilized. 

R, 

Figure 6. Output Protection Circuitry Connections 

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 
Process Signal Isolator:ln process control applications, model 
2B22 can be applied to interface standard process signals (e.g. 
1 to SmA,4 to 20mA, 10 to SOmA, 1 to SV) and convert 
them to isolated 4 to 20mA output. A typical hook-up of 
model 2B22 is illustrated in Figure 7, showing input resistor 

RC=~' +Vs 

At; "1r.;;~.; 
SF-VIN F.S. 

I" 

MEASURING 
RESISTOR 

·RG EQUATION ACCURACY IS ±5% 

Figure 7. Process Signal Current Isolator 
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Rc converting the current from a remote loop to a voltage in
put, and a span adjustment resistor RG. A value of Rc should 
be selected to develop a minimum of + 1 V signal with full scale 
input current applied. For example, a son resistor converts 
the 4 to 20mA current input to a 200mV to 1Vvoltage input, 
which the 2B22 isolates and converts to a 4 to 20mA output. 
The reference input (pin 2) is not connected since the process 
signal provides a desired offset. 

Isolated D/A Converter: Model 2B22 offers total ground isola
tion and protection from high voltage transients in interfacing 
01 A converters to standard 4 to 20rnA current loops. This 
requirement is common in a microcomputer-based control 
system. The voltage necessary to power the current loop can 
be derived from the same + 1SV supply that is used to power 
the D/A converter. The D/A converter, such as the 12-bit AD 
DACSO, should be connected for operation on the unipolar 
o to +10V output range. This is shown in Figure S. After the 
load resistor connection has been made, the current loop can 
be calibrated using the offset and span adjustment potentio
meters associated with the 2B22. First, a digital input code of 
all one's is loaded into the DI A, and the offset adjustment 
potentiometer is adjusted for a current output of exactly 4mA. 
Then, a digital code of all zero's is loaded into the D/A, and the 
span adjustment potentiometer is adjusted for a voltage across 
the load that corresponds to a current of 20mA less 1 LSB 
(19.9961mA). 

Figure 8. D/A Converter - Isolated 4 to 20mA Interface 

Pressure Transmitter: In Figure 9, model2B22 is used in a 
pressure transmitter application to provide complete input
output isolation and avoid signal errors due to ground loop 
currents. The process pressure is monitored with a strain gage 
type pressure transducer interfaced by the Analog Devices' 
model 2B30 transducer conditioner. The bridge excitation and 
system power is provided by the model 2B3 S triple output 
power supply. The high level voltage output of the 2B30 is 
converted to the isolated 4 to 20mA current for transmission 
to a remote recorder or indicator. 

Figure 9. Isolated Pressure Transmitter 
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Programmable Output, 
Isolated VOltage-to-Current Converter 

FEATURES 
Wide Input Range. Resistor Programmable 
Pin Programmable Output: 4 to 20mA or 0 to 20mA 
High CMV Input/Output Isolation: :t 1500V pk 

Continuous 
Low Nonlinearity: :t 0.05% max 12B23K) 
Low Span Drift: :to.005%I"C max 12B23K) 
Single Supply Operation: +14V to +28V 
Small Size: 1.8" x 2.4" x 0.6" 
Meets IEEE Std. 472: Transient Protection ISWC) 
Meets ISA Std. 50.1: Isolated Current Loop 

Transmitters 

APPLICATIONS 
Industrial Instrumentation and Process Control 

Ground Loop Elimination 
Transient Voltage Protection 

Analog Transmitters and Controllers 
Remote Data Acquisition Systems 

GENERAL DESCRIPTION 
The model 2B23 is a high performance, low cost voltage to 
current converter featuring ± ISOOV pk input to output isolation 
for interfacing with standard process signals. The input stage of 
the 2B23 may be single resistor programmed to accept voltages 
within a 0 to + lOY range (+O.IV to + lOY full scale). The 
isolated output is pin programmable to provide current in the 
range of 4 to 20mA or 0 to 20mA and can be operated with 0 to 
800n grounded or floating loads. 

The 2B23 uses reliable transformer isolation techniques and is 
available in two accuracy selections offering guaranteed non
linearity error (2B23K: ±O.OS% max, 2B23J: ±O.l% max) and 
guaranteed low span drift (2B23K: ±O.OOS%I"C max, 2B23J: 
±O.OI%I"C max). The internally trimmed span and offset errors 
are ±O.l% for the 2B23K and ±0.2S% for the 2B23J. Both 
span and offset may be adjusted using optional external 
potentiometers. 

Featuring wide range, single supply operation ( + 14V to + 28V 
de), the 2B23 provides isolated loop power, thus eliminating the 
need for an external dc/de converter. 

APPLICATIONS 
Model2B23 has been designed to provide high accuracy, versatility 
and low cost in industrial and laboratory system applications 
requiring isolated current transmission. The 2B23 meets the 
requirements of the Instrument Society of America Std. SO. I 
"Compatibility of Analog Signals for Electronic Industrial Process 
Instruments" and may serve as a transmission link between 
such system elements as computers, controllers, actuators, re
corders and indicators. 
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2823 I 
FUNCTIONAL BLOCK DIAGRAM 

In data acquisition and control systems, the 2B23 may act as an 
isolated interface between the D/ A converter output of a micro
computer analog I/O and standard 4 to 20rnA or 0 to 20rnA 
analog loops. In process control systems, the 2B23 may be used 
as a current output stage of a proportional controller to interface 
devices such as current-to-position converters and current-to
pneumatic transducers. 

DESIGN FEATURES AND USER BENEFITS 
High CMV Isolation: The 2B23 features high input to outP~t 
galvanic isolation to eliminate ground loops and offer protection a 
against damage from transients and fault voltages. Its isolation I 
barrier will withstand continuous CMV of ± ISOOV pk and 
ISOOV rms @ 60Hz for 60 seconds. 

High Reliability: To assure high reliability in harsh industrial 
environments, reliable magnetic isolation is used. The 2B23 
meets the IEEE Standard for Transient Voltage Protection (472-
1974: Surge Withstand Capability) and offers reliable operation 
over - 25°C to + 85°C temperature range. 

Versatility: The 2B23 can be easily tailored to the user's appli
cation, accommodating a wide range of input voltages, providing 
pin programmable, standard current outputs and offering wide 
range, single supply operation. 

Small Size: To conserve board space, the 2B23 is packaged in a 
compact, 1.8" x 2.4" x 0.6" module. 
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2B23-SPECIFICATIONS (typical @ + 25°C and Vs = ± 15V unless otherwise noted) 

Model 

INPUT SPECIFICATIONS 
Input Voltage Range 

Factory Calibrated 
Full Scale Input 

Transfer Function (TF) 
Factory Calibrated 
User Programmable 

Maximum Safe Input 
Input Impedance 

OUTPUT SPECIFICATIONS 
Current Output Range 

User Selectable 
Load Resistance Range 

Internal Loop Power 
Maximum Output Current 

@ Input Overload 
Output Noise 

100Hz Bandwidth 

NONLINEARITY 

ISOLATION 
CMV, Input to Output 

ac,60Hz, I min 
Continuous, ac or de 

Transient Protection 
CMR 

@ 60Hz, Iidl Source Imbalance 

ACCURACY' 
Wann Up Time to Rated Performance 
Total Output Error@ + 2S"C2,3 

Offset(VIN = OV) 
Span(VIN = + 10V) 

vs. Temperature (0 to + 70"C) 
Offset, 4-20mA Mode 

'0-20mAMode 
Span, Both Mode. 

DYNAMIC RESPONSE 
Settling Time toO. 1% ofFS for 10V Step 
Small Signal Bandwidth 

POWER SUPPLY 
Voltage, Rated Perfonnance ( + V s) 
Voltage, Operating 
Supply Current (@ 20mA Output) 
Supply Change Effect 

on Offset and Span 

ENVIRONMENTAL 
Temperature Range 

Rated Performance 
Operating 

Relative Humidity 
per MIL-STD 202, Method 103B 

RFI Immunity 
27MHz@SW@3ft 

CASE SIZE 

NOTES 

2B231 2B23K 

Oto + IOV • 
+O.IVminto + IOVmax • 
1.6mAN • 
1.6mAN to 200mAN • 
±ISV • 
10MO • 

4 to 20rnA, 0 to 20rnA • 
Ot0800nmax • 
22mAtyp • 
I.Sf1Apk-pk • 
±O.I%max ±O.OS%max(±0.02%typ) 

ISOOVrms • 
± ISOOVpk • 
IEEE Std. 472 (SWC) • 
86dB • 

SMinutes • 
±O.2S%max ±O.I%max 
±O.2S%max ±O.I%max 

±O.OI%I"Cmax ±O.OOS%I"Cmax 
±O.OI%I"Ctyp ± O.OOS%I"C typ 
± O.Ol%I"C max ±O.OOS%I"Cmax 

Sm. • 
400Hz • 

+ lSVdc • 
+ 14V min to + 28Vmax 
7SmA • 
±O.OOIS%N 

Oto +70"C 
- 2S"C to + 8S"C • 
±0.2%Error 

±O.l%Error 

1.8" X 2.4" X 0.6" • 

I Accuracy is guaranteed@!TF = 1.6mAN with no external trim adjustments when connected in the basic configuration. 
2AIl accuracy is% ofspan where span is 16mA(i.e., ±O.l% = O.016mAerror). 
3Span T .C. for transfer functions higher than 1.6mAIV is Ito dependent -low T .C. (± lOppmfC) 
Ito recommended for best performance. 

*Specific3rions same as 2B23J. 
Specifications subject to change without notice. 

10-104 SIGNAL CONDITIONING COMPONENTS 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm).· 

!-____ Z.41 16Ul ____ -l 

MODEL 2823 

1. 
0.040 11.021 

1 +vs SCALEmM[f 1 z VsCOM 

3 REF OUT lOUT 10 

UZ 

4 REF IN 
146.21 

5 SlGcOM 1 6 +VUt lou,COM 11 

7 GAIN ADJUST OI4ntASEL 12 

BonOMVIEW -Il-- 0.1 12.51 GRID 

MATING SOCKET: 
AC1586 

Dimensions shown in inches and (mm). 
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OGAlNAOJ 

tfl 

IouTO 1.20 

AC1586 ll311·
51 

Iou,oo",-

1:~t- 2.770(10.31' -----l 
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FUNCTIONAL DESCRIPTION 
The high performance of model 2B23 is derived from the carrier 
isolation technique which is used to transfer both signal and 
power between the VII converter's input circuitry and the output 
stage. High CMV isolation is achieved by the transformer coupling 
between the input amplifier stage, modulator, and current output 
circuitry. A block diagram of the 2B23 is shown in Figure 1. 

&IGCOM 5 .. : =8T .. (c'.;-...... _ .... 

+-------{,;O' ~M 

Figure 1. 2B23 Functional Block Diagram 

The model 2B23 produces an isolated 4 to 20rnA or 0 to 20rnA 
output current which is proportional to the input voltage and 
independent of the output load resistance. The input amplifier 
accepts a positive voltage within the range of 0 to + 10V. The 
transfer function of the input stage may be set from 1.6mAIV to 
200mAIV (dependent upon the output current range desired) by 
changing the gain resistor RG connected between pins 5 and 7. 

An internal, high stability reference having a nominal output 
voltage of + 5V (REF OUT) is used to develop a 4mA output 
current for a 0 volts input. REF OUT (Pin 3) and REF IN (Pin 
4) should be connected via the offset scaling resistor Ro. An 
output current bypass section allows scaling of the nominal 4 to 
20rnA output current to a range of 0 to 20mA. This is accomplished 
by connecting the output range select pin (Pin 12) to the lOUT 

pin (Pin 10) thereby providing a bypass for the 4rnA. For 4-20mA 
operation, the bypass pin is connected to lOUT COMMON 
(Pin II). 

The 2B23 is designed to operate from a single positive power 
supply ( + V s) over a range of + 14V to + 28V dc. The power 
supply section consists of an input voltage regulator, a dc/dc 
converter, plus associated rectifying and filtering circuitry. The 
dc/dc converter generates isolated loop power which is independent 
of V s and capable of driving the maximum load resistance (re
sistance of receivers plus the resistance of connecting wire) of 
8000. The current capability of the power supply (+ Vs) must 
be 75mA minimum to supply full output signal current. 

BASIC INTERCONNECTIONS 
The 2B23 may be applied to achieve rated performance as shown 
in Figure 2. The transfer function of 1.6mAIV, for conversion 
of the 0 to + 10V input signal into a 4 to 20rnA output current, 
is obtained using the values shown (Ro= IOkO, Rsc =3010, 
Ru open). For best performance, Rsc should be a metal film, 
±O.I% tolerance, 25ppm/°C resistor and Ro should be ± 1%, 
100ppmrC. 
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Applying the 2823 

o TO + 10V INPUTf .... 20mA OUTPUT 

Figure 2. Basic Interconnections 

A power supply (+ Vs) is connected to Pin 1. To avoid ground 
loops, the user should ensure that the input signal return (SIG 
COM) does not carry the power supply return current. Power 
common (Pin 2) and signal common (Pin 5) should be tied at 
the power supply common terminal. 

OPTIONAL TRIM ADJUSTMENTS 
Model 2B23 is factory calibrated for a 0 to + IOV input range 
and an output of 4 to 20rnA, meeting its listed specifications 
without use of any external trim potentiometers. If desired, 
optional span and zero trim adjustments may be easily accom
plished as described in the following sections. 

Input Gain Adjustment: The input gain of the 2B23 is a scale 
factor setting that establishes the nominal conversion relationship 
to accommodate + IV to + 10V full scale inputs (VIN). In addition, 
full scale inputs as low as 100mV may be accommodated. 

The value of the gain setting resistor RG is deterruined by: Ru 
(kO) = 10kO/(G-I) where G represents a ratio of IOVNIN(V) 
F.S. For example, to convert a 0 to + IV input to 4 to 20rnA 
output, VIN F.S. = + IV and G = 10V/IV = 10, therefore RG 
= IOkn/9 = I.lkO. Due to resistor tolerances, allowance should 
be made to vary Ru by using a series cermet type potentiometer 
(Figure 3). For best performance, Ru should be a metal film, 
I % tolerance, 25ppm/oC resistor. 

+0----<.. 

o TO + 1V de INPUT/4·20mA OUTPUT 

Figure 3. Input Gain Adjustment 

R~ 
274fl 
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2823 
Offset and Output SealiDg Adjustments: After selecting the 
required input stage gain, the 2B23 must then be configured for 
either 4 to 20mA or 0 to 20mA output current range. Figures 4a 
and 4b illustrate the respective methods for each. The value of 
the offset resistor Ro is independent from the gain setting and 
may be adjusted by a series cermet pot. 

For fme adjustment of the output current, Rsc value should be 
trimmed as shown in Figure 3. 

200~ 
OFI'SET 
ADJUST 

4a. 4-20mA Output Connections 

2823 

R, 

4b. 0-20mA Output Connections 

Figure 4. 4-20mAl0-20mA Scaling Connections 

USING MULTIPLE 2823s 
Unlike other transformer-based isolators, the 2B23 does not 
require any synchronizing circuits to eliminate beat frequency 
related output errors in multichannel applications. This is due 
to the use of pulse-width modulation technique in the 2B23. 
Radiated individual oscillator frequencies will have no effect 
upon performance, even in situations requiring multiple 2B23s 
to be located in close proximity to one another. For this reason, 
no provisions for external synchronization are necessary. 

OUTPUT PROTECTION 
The current output terminals (Pins 10 and II) are protected for 
reverse voltage and shorts up to + 32V dc but in many industrial 
applications it may be necessary to protect the 4 to 20mA from' 
accidental shorts to ac line voltages. The circuit shown in Figure 
5 may be employed for this purpose. The maximum permissible 
load resistance will be lowered by a fuse resistance value when 
protection circuitry is utilized. 

FUSE 111& A. (S.B.) 

O.1p.F.&OY 
CERAMIC 

Figure 5. Output Protection Circuitry 

... 
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APPUCATIONS 
In Figure 6, model 2B23 is used in multiloop application of the 
data acquisition and control system to provide isolated current 
interface to a recorder, indicator and a valve positioner. 

Figure B. Multiloop Isolation 

In applications requiring current to voltage conversion, the 
2B23 may be used as shown in Figure 7. An external - lOY 
reference is used to provide necessary input offset. This circuit 
will provide ± 1500V isolation in converting 4-20mA into a 0 to 
+ 10V output. The output measurement device must have a 
high input impedance to avoid loading errors. 

+15V 

-15V 

OTO +10V 
OUT 

,t 

Figure 7. 4-20mA to 0 to + 10V Isolated Converter 
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FEATURES 
Low Cost 
Complete Signal Conditioning Function 
Low Drift: 0.5p.vfc max ("L"); Low Noise: 1p.V p.p max 
Wide Gain Range: 1 to 2000VN 
Low Nonlinearity: 0.0025% max ("LU) 
High CMR: 140dB min (60Hz, G = 1000VN) 
Input Protected to 130V rms 
Adjustable Low Pass Filter: 6OdB/Decade RolI·Off (from 2Hz) 
Programmable Transducer Excitation: Voltage (4V to 15V @ 

100mA) or Current (100uA to 10mA) 
APPLICATIONS 
Measurement and Control of: 

Pressure, Temperature, Strain/Stress, Force, Torque 
Instrumentation: Indicators, Recorders, Controllers 
Data Acquisition Systems 
Microcomputer Analog I/O 

GENERAL DESCRIPTION 
Models 2B30 and 2B31 are high performance,low cost, com· 
pact signal conditioning modules designed specifically for high 
accuracy interface to strain gage·type transducers and RTD's 
(resistance temperature detectors). The 2B31 consists of three 
basic sections: a high quality instrumentation amplifier; a 
three-pole low pass filter, and an adjustable transducer excita
tion. The 2B30 has the same amplifier and filter as the 2B31, 
but no excitation capability. 

Available with low offset drift of O.Sp.V/oC max (RTI, G = 
1 OOOV IV) and excellent linearity of 0.002 S% max, both 
models feature guaranteed low noise performance (lp.V p.p 
max) and outstanding 140dB common mode rejection (60Hz, 
CMV = ±10V, G = 1000V N) enabling"the 2B3012B31 to main· 
tain total amplifier errors below 0.1 % over a 20° C temperature 
range. The low pass filter offers 60dB/decade roll·off from 
2Hz to reduce normal-mode noise bandwidth and improve 
system signal-to-noise ratio. The 2B31's regulated transducer 
excitation stage features a low output drift (o.olS%fC max) 
and a capability of either constant voltage or constant cur
rent operation. 

Gain, filter cutoff frequency, output offset level and bridge 
excitation (2B31) are all adjustable, making the 2B30/2B31 
the industry'S most versatile high-accuracy transducer-interface 
modules. Both models are offered in three accuracy selections, 
J/K/L, differing only in maximum nonlinearity and offset drift 
specifications. 

APPLICATIONS 
The 2B30/2B31 may be easily and directly interfaced to a wide 
variety of transducers for precise measurement and control of 
pressure, temperature, stress, force and torque. For ap-
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High Performance, Economy 
Strain GagelRTD Conditioners 

2830/2831 I 
FUNCTIONAL BLOCK DIAGRAM 

7= 
2 

13 '4 3 2}-{2,tt) --'----{, 
~ '----/ OUTPUT OUT B.W. B.W. B.W. "--' 
INPUT RNE OFFSET PUT ADJ 1 ADJ 2 ADJ 3 RLTER 

OFFSET SPAN ADJ. 1 OFFSET 
D. ADJ. mM 

plications in harsh industrial environments, such characteristics 
as high CMR, input protection, low noise, and excellent tem
perature stability make 2B30/2B31 ideally suited for use in 
indicators, recorders, and controllers. 

The combination of low cost, small size and high performance 
of the 2B3012B31 offers also exceptional quality and value to 
the data acquisition system designer, allowing him to assign a 
conditioner to each transducer channel. The advantages of this 
approach over low level multiplexers include significant im
provements in system noise and resolution, and elimination of 
crosstalk and aliasing errors. 

DESIGN FEATURES AND USER BENEFITS 
lUgh Noise Rejection: The true differential input circuitry 
with high CMR (140dB) eliminating common-mode noise 
pickup errors, input filtering minimizing RFIIEMI effects, out
put low pass filtering (fc=2Hz) rejecting SO/60Hz line frequen
cy pickup and series-mode noise. 

Input and Output Protection: Input protected for shorts to 
power lines (BOV rms), output protected for shorts to ground 
and either supply. 

Ease of Use: Direct transducer interface with minimum exter
nal parts required, convenient offset and span adjustment 
capability. 

Programmable Transducer Excitation: User-programmable 
adjustable excitation source-constant voltage (4V to lSV@ 
100mA) or constant current (100p.A to lOrnA) to optimize 
transducer performance. 

Adjustable Low Pass Filter: The three-pole active filter 
(fc=2Hz) reducing noise bandwidth and aliasing errors with 
provisions for external adjustment of cutoff frequency. 

SIGNAL CONDITIONING COMPONENTS 10-107 
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2830/2831-SPECIFICATIONS (typical @ +25°C and Vs = ±15V unless othelWise noted) 

MODEL 

GAIN! 
Gain Range 
Gain Equation 

Gain Equation Accuracy 
Fine Gain (Span) Adjust. Range 
Gain Temperature Coeffi('ient 
Gain Nonlinearity, 

OFFSET VOLTAGES! 
Total Offset Voltage, Referred to 

Input 
Initial,@ +ZSoC 

2830J 
2831J 

1 to ZOOOV/V 
G '" (1 + 94kn/RG) [20kfl:/(RF + 

16.2Hl)1 
±2% 
±20% 

2B30K 
2B31K 

±2Sppm/oC max (±lOppmlCtyp) .. 
to.Ol% max to.ODS% max 

Adjustable to Zero (to.SmV typ) .. 
Within ±Sj..tV (RT!) of Final Value .. 

28JOL 
2B31L 

±o,002S% max 

Warm-Up Drift, 10 Min., G '" 1000 
vs. Temperature 

G", IVIV ±150pvlc max 
±3/.lVtCmax 

±7sp,vfc max ±soj..tvfc max 
±lJ.1VtC max ±o.spvfc max G= 1000VN 

At Other Gains 
\IS. Supply, G '" lOOOV/Vs 

vs. Time, G .. lOOOV/V 
Output Offset Adjust. Range 

IN~:~I::;S~~RENT 
vs. Temperature (0 to +70°C) 

INPUT DIFFERENCE CURRENT 
Initial @ +2SoC 
vs. Temperature (0 to +70°C) 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT VOLTAGE RANGE 

±(3 ± lSO/G)flV/oC max 
±25IlV/V 
±5J,1V/month 
±lOV 

+200nA max (lOOnA typ) 
-o.6nAlC 

100Mnll47pF 
IOOMnll47pF 

Linear Differential Input ±IOV 
Maximum Differential or CMV Input 

Without Damage 130V rms 
Common Mode Voltage ±lOV 
CMR. lkQ Source Imbalance 

G::: IVIV, dc to 60Hz! 90dB 
G'" lOOVN to ZOOOVIV, 60Hz l 140dB min 

dc2 90dB min (112 typ.) 

INPUT NOISE 
Voltage, G '" 1000VIV 

O,OIHz to ZHz l.uV pop max 
10Hz to lOOHz2 IIlV pop 

Current, G ::: 1000 
O.OlHz to ZHz 70pA pop 
10Hz to lOOHz2 30pA rms 

RATED OUTPUT l 

Voltage, 2kO Load3 flOV min 
Current ±SmA min 
Impedance, dc to 2Hz, G '" 100V/V O.ln 
Load Capacitance O.Ol/-IF max 

DYNAMIC RESPONSE (Unfiltered)2 
Small Signal Bandwidth 

-3d8 Gain Accura(.'Y, G = 100V/V 30kHz 
G::: lOOOV/V 5kHz 

Slew Rate 1 V I/-Is 
Full Power ISkHz 
Settling Time, G = 100, ±lOV Output 

Step to ±O.l % 30/-Is 

LOW PASS FILTER (Bessel) 
Number of Poles 
Gain (Pass Band) + 1 
Cutoff Frequency (-3d8 Point) 2Hz 
Roll-off 60dB/decade 
Offset (at 25°C) ±SmV 
Settling Time, G::: l00V/V, ±IOV 

Output Step to ±O.I% 600ms 

BRIDGE EXCITATION (See Table 1) 

POWER SUPPL y4 
Voltage, Rated Performance 
Voltage. Operating 
Current. Quiescent6 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

CASE SIZE 

NOTES 

·Specifications same as 2830J/2831J. 

±ISVdc 
±(l2 to 18)V dc 
±lSmA 

o to +70°C 
_25°C to +85°C 
_55°C to +125°C 

2" x Z" x 0.4" (51 x 51 x 10.Zmm) 

I Specifications referred to output at pin 7 with 3.75k, 1%, 25ppmfC 
fine span resistor installed and internally set 2Hz filter cutoff 
frequency. 

t Specifications referred to the unfiltered output at pin I, 
'Protected for shorts to ground and/or either supply voltage. 
4 Recommended power supply ADI model 902-2 or model 2B35 
5 Tracking power supplies. 
'Don not indude bridge excitation and load currents. 
Specifications subject to change without notice. 

±(1 ± 7S/G)p.vfc max !(O.S ± SO/G)p.V/oC max 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

MODELS 2B3O/31 

.L'rr------:-U02""''',.". .• ID::7IA~~ 

22 

BOTTOM VIEW 
WEIGHT: 39 G -II- 0.1 (2.54) GRID 

PIN DESIGNATIONS 
PIN FUNCTION PIN FUNCTION , OUTPUT 1 (UNFILTERED) ,. EXCSELl 
2 FINE GAIN (SPAN) ADJ. 17 ISEL , FINE GAIN (SPAN) ADJ. ,. VEXCOUT · FILTER OFFSET TRIM ,. IEXCOUT 
5 FILTER OFFSET TRIM ,. SENSE HIGH (+) · BANDWIOTH ADJ. 3 21 EXCSEL2 
7 OUTPUT 2 (FILTERED) 22 REF OUT · BANDWIDTH ADJ. 2 23 SENSE LOW (-) · BANDWIDTH ADJ. 1 " REGULATOR +VR IN 

10 RGAIN 26 REF IN 

" "GA. " -v, 

" -INPUT 27 .v, 

" INPUT OFFSET TRIM .. COMMON ,. INPUT OFFSET TRIM .. OUTPUT OFFSET TRIM ,. +INPUT 

No.: PIflI161hru 26.ra not connected In Modal283D 

AC1211/AC1213 MOUNTING CARDS 

PIN 

A 

• C 
D , 
F 
H 
J 
K 
L . 
N 
P 

" S 
T 
U 
V 
W 
X 
Y 
2 

AC1211/AC1213 
CONNECTOR DESIGNATIONS 

FUNCTION PIN FUNCTION. 
RI!QULATOR +VR IN , EXCSELl 
SENSE LDW 1-) 2 ISEL 
REF OUT 3 \feXCOUT 
REF IN • IEXCOUT · SENSE HIGH 1+) 

• EXC SfL 2 
7 OUTPUT OFFSET TRIM · -v, • -V, 

>Y, 10 .v, 

" COMMON " COMMON 

" FINE GAIN ADJ. ,. 
FINE GAIN ADJ. ,. 
FILTER OFFSET TRIM ,. 
FILTER OFFSET TRIM 17 RGAIN 
OUTPUT 2 (FILTERED) ,. RgAlN 
-INPUT ,. OUTPUT 1 IUNFIL TERED) 
INPUT OFFSET TRIM 20 BANDWIDTH ADJ. 1 
INPUT OFFSET TRIM 21 BANDWIDTH ADJ, 3 
+ INPUT 22 BANDWIDTH ADJ. 2 

The AC1211/AC1213 mounting card is available for the 
2830/2831. The AC1211/AC1213 is an edge connector 
card with pin receptacles for plugging in the 2830/2831. 
I n addition, It has provisions for installing the gain re
sistors and the bridge excitation, offset edjustment and 
filter cutoff programming components. The AC1211/ 
AC1213 is provided with a Cinch 261-22-30-160 (or 
equivalent) edge connector. The AC1213 includes the 
acljuSlment· pots; no pots are provided with the 
AC1211. 
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FUNCTIONAL DESCRIPTION 
Models 2B30 and 2B31 accept inputs from a variety of full 
bridge strain gage-type transducers or RTD sensors and con
vert the inputs to conditioned high level analog outputs. The 
primary transducers providing direct inputs may be 60n to 
1000n strain gage bridges, four-wire RTD's or two- or three
wire RTD's in the bridge configuration. 

The 2B30 and 2B31 employ a multi-stage design, shown in 
Figure 1, to provide excellent performance and maximum 
versatility. The input stage is a high input impedance (l08 n), 
low offset and drift, low noise differential instrumentation 
amplifier. The design is optimized to accurately amplify low 
level (mV) transducer signals riding on high common mode 
voltages (±10V), with wide (l-2000VIV), single resistor (RG), 
programmable gain to accommodate O.SmV/V to 36mVIV 
transducer spans and sn to 2000n RTD spans. The input 
stage contains protection circuitry for accidental shorts to 
power line voltage (130V rms) and RFI filtering circuitry. 

The inverting buffer amplifier stage provides a convenient 
means of fine gain trim (0.8 to 1.2) by using a 10kn poten
tiometer (RF); the buffer also allows the output to be offset 
by up to ±10V by applying a voltage to the noninverting input 
(pin 29). For dynamic, high bandwidth measurements-the 
buffer outpu t (pin 1) should be used. 

The three-pole active filter uses a unity-gain configuration and 
provides low-pass Bessel-type characteristics-minimum over
shoot response to step inputs and a fast rise time. The cutoff 
frequency (-3dB) is factory set at 2Hz, but may be increased 
up to SkHz by addition of three external resistors (RSEL 1 _ 
RSEL3)' 

INTERCONNECTION DIAGRAM AND SHIELDING 
TECHNIQUES 
Figure 1 illustrates the 2B31 wiring configuration when used 
in a typical bridge transducer signal conditioning application. 
A recommended shielding and grounding technique for pre
serving the excellent performance characteristics of the 2B301 
2B31 is shown. 
Because models 2B30/2B31 are direct coupled, a ground return 
path for amplifier bias currents must be provided either by di
rect connection (as shown) or by an implicit ground path 
having up to 1Mn resistance between signal ground and condi
tioner common (pin 28). The sensitive input and gain setting 

Understanding the 2830/2831 
terminals should be shielded from noise sources for best per
formance, especially at high gains. To avoid ground loops, sig
nal return or cable shield should never be grounded at more 
than one point. 

The power supplies should be decoupled with 1f..1F tantalum 
and 1000pF ceramic capacitors as close to the amplifier as 
possible. 
TYPICAL APPLICATION AND ERROR BUDGET 
ANALYSIS 
Models 2B30/2B31 have been conservatively specified using 
min-max values as well as typicals to allow the designer to 
develop accurate error budgets for predictable performance. 
The error calculations for a typical transducer application, 
shown in Figure 1 (3S0n bridge, ImVIV F.S., 10Vexcitation), 
are illustrated below. 
Assumptions: 2B31L is used, G = 1000, 6T = ±lOoC, source 
imbalance is lOOn, common mode noise is 0.2SV (60Hz) on 
the ground return. 

Absolute gain and offset errors can be trimmed to zero. The 
remaining error sources and their effect on system accuracy 
(worst case) as a % of Full Scale (10V) are listed: 

Effect on Effect on 
Absolute Accuracy Resolution 

Error Source %ofF.S. %ofF.S. 

Gain Nonlinearity to.0025 to.0025 
Gain Drift to.025 
Voltage Offset Drift to.05 
Offset Current Drift to.004 
CMR to.00025 iO.00025 
Noise (0.01 to 2Hz) ±O.D! iO.Ol 

Total Amplifier Error ±O.0917S max ±O.0127S max 
Excitation Drift to.15 (to.OJ 1:Y2) ----
Total Output Error ±O.24175 max ±O.OI27 max 

(Wors, Case) (to.1 typ) 

The total worst Cl'.se effect on absolute accuracy over ±10oC is III 
less than ±0.2S% and the 2B31 is capable of 112 LSB resolu- I 
tion in a 12 bit, low input level system. Since the 2B31 is con
servatively specified, a typical overall accuracy error would be 
lower than ±0.1% of F.S. 

In a computer or microprocessor based system, automatic 
recalibration can nullify gain and offset drifts leaving noise, 
nonlinearity and CMR as the only error sources. A transducer 
excitation drift error is frequently eliminated by a ratiometric 
operation with the system's AID converter. 

Figure 1. Typical Bridge Transducer Application Using 2831 
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2830/2831 
BRIDGE EXCITATION (2B31) 
The bridge excitation stage of the model 2B31 is an adjustable 
output, short circuit protected, regulated supply with internally 
provided reference voltage (+7 .15V). The remote sensing 
inputs are used in the voltage output mode to compensate 
for the voltage drop variations in long leads to the transducer. 
The regulator circuitry input (pin 24) may be connected to 
+Vs or some other positive dc voltage (pin 28 referenced) 
within specified voltage level and load current range. User
programmable constant voltage or constant current excitation 
mode may be used. Specifications are listed below in Table I. 

MODEL 2831, 2BllE 2831L 
Constant Voltage Output Mode 

Regulator Input Voltage Range 
Output Voltage: Range 
Regulator Input/Output Voltage 

Differential 
OutpUt Currentl 
Regulation, Output Voltage 

vs. Supply. 
Load Regulation, q, '" lmA to 

IL = SOmA 
Output Voltage: vs. Temperature 

(0 to +70oC) 
Output Noise 
Reference Voltage (Internal) 

CORstant Current Output Mode 
Regulator Input Voltage Range 
Output Current Range 
Compliance Voltage 
Load Regulation 
Temperature Coefficient 

(0 to +70oC) 
Output Noise 

+9.SV to +28V 
+4Vto+lSV 

3Vto 24V 
o to lOOmA max 

O.05'161V 

0.1% 
o.olS'I6fcma.x. 
o.ool%fC typ 
ImVrms 
7.1SV±3% 

+9.SV to +28V 
lOOIJA to lOrnA 
Oto lOY 
0.1% 

o.oo3%fC 
l~rms 

I Output CurreDt derated to 33mA max for 24V regulator input/output 
volrasediffcrcntial. 

Table I. Bridge Excitation Specifications 

OPERATING INSTRUCTIONS 
Gain Setting: The differential gain, G, is determined according 
to the equation: 

G = (1 +94kO/RG) (20kO/(RF + 16.2kO» 

where RG is the input stage resistor shown in Figure 1 and RF 
is the variable 10kO resistor in the output stage. For best 
performance, the input stage gain should be made as large as 
possible, using a low temperature coefficient (lOppmfC) RG, 
and the output stage gain can then be used to make a ±20% 
linear gain adjustment by varying RF. 

Input Offset Adjustment: To null input offset voltage, an op
tional 100kO potentiometer connected between pins 13 and 
14 (Figure 1) can be used. With gain set at the desired value, 
connect both inputs (pins 12 and 15) to the system common 
(pin 28), and adjust the 100kO potentiometer for zero volts 
at pin 3. The purpose of this adjustment is to null the internal 
amplifier offset and it is not intended to compensate for the 
transducer bridge unbalance. 

Output Offset Adjustment: The output of the 2B3012B31 can 
be intentionally offset from zero over the ±10V range by apply
ing a voltage to pin 29, e.g., by using an external potentiometer 
or a fixed resistor. Pin 29 is normally grounded if output off
setting is not desired. The optional filter amplifier offset null 
capability is also provided as illustrated in Figure 1. 

Filter Cutoff Frequency Programming: The low pass filter cut
off frequency may be increased from the internally set 2Hz by 
the addition of three external resistors connected as shown in 
Figure 1. The values of resistors required for a desired cutoff 
frequency, fe, above 5Hz are obtained by the equation below: 

RSELl= 11.6 X 106 /(2.67t;, - 4.34); 

RSEL2 = 27.6 X 106 1(4.12t;, - 7) 

RSEL 3 = 1.05 X 106 /(0.806fc - 1.3) 
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where RSEL is in ohms and fe in Hz. Table II gives the nearest 
1 % RSEL for several common filtet cutoff (-3dB) frequencies. 

RoEll (ill) R ..... (kill RoE ... (ill) 
f. (Hz) (Pin 1 to 9) (Pin 9 to 8) (PIn 8 to 6) 

2 Open Open Open 
5 1270.000 2050.00 383.000 
10 523.000 806.00 154.000 
SO 90.000 137.00 26.700 
100 44.200 68.10 13.300 
SOO 8.660 13.l0 2.610 
1000 4.320 6.65 1.300 
5000 0.866 1.33 0.261 

Table If. Filter Cutoff Frequency VB. RSEL 
Voltage Excitation Programming. Pin connections for a cQn
stant voltage output operation are shown in Figure 2. The 
bridge excitation voltage, VEXC, is adjusted between +4V to 
+15V by the 20kO (SOppm/oC) RVSEL potentiometer. For 
ratiometrlc operation, the bridge excitation can be adjusted 
by applying an external positive reference to pin 25 of the 
2B31. The output voltage is given by: VEXC OUT = 3.265VREF 
IN. The remote sensing leads should be externally connected 
to the excitation leads at the transducer or jumpered as shown 
in Figure 2 if sensing is not required. 

"IIiCADI. "·""""0+""1, EXY' 

2131 

"VElie TEMPERATURE DRIFT MAY BE IM'ftOVED BY USE 
OF A LOWT.C. EXTERNAL REFERENCE 

Figure 2. Constant Voltage Excitation Connections 
Current Excitation Programming: The constant current excita
tion output can be adjusted between 100llA to 10mA by two 
methods with the 2B31. Figure 3 shows circuit configuration 
for a current output with the maximum voltage developed 
across the sensor (compliance voltage) constrained to +5V. The 
value of programmine: resistor RISEL may be calculated from 
the relatIonship: R)SEL = (VREG IN - VREF IN)/IEXC OUT. 
This application requires a stable power suPPly because any 
variation of the input supply voltage will result in a change 
in the excitation current output. 

.~"" 

!100,.AT0111mA1 18 

L-_h~28 COMMON 

RIIIL·(""IEGIN-IIRUINII"'~O\I1 
VwIGIN ..... JVTO +28V 

2131 

ltiIlCOUT .. ,oo,.A1010mA 
VrtE •• -v..!'OUT-+7.16V 

Figure 3. Constant Current Excitation 
Connections (VCOMPL = 0 to +5V) 

A compliance voltage range of 0 to + 10V can be obtained by 
connecting the 2B31 as shown in Figure 4. The 2kO potenti
ometer RISEL is adjusted for desired constant current excita
tion output. (+UTO+28VJ>-......,R,I.~i-, ...-_-"', 

11OIIJoAT01GrnA) " 

Figure 4. Constant Current Excitation 
Connections (Vdl'!fi. = 0 to +10V) 
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APPUCA TIONS 
Strain Measurement: The 2B30 is shown in Figure 5 in a strain 
measurement system. A single active gage (120n, GF = 2) is 
used in a bridge configuration to detect small changes in gage 
resistance caused by strain. The temperature compensation is 
provided by an equivalent dummy gage and two high precision 
120n resistors complete the bridge. The 2B35 adjustable 
power supply is set to a low +3V excitation voltage to avoid 
the self-heating error effects of the gage and bridge elements. 
System calibration produces a 1V output for an input of 1000 
microstrains. The filter cutoff frequency is set at 100Hz. 

Figure 5. Interfacing Half-Bridge Strain Gage Circuit 

Pressure Transducer Interface: A strain gage type pressure 
transducer (BLH Electronics, DHF Series) is interfaced by the 
2B31 in Figure 6. The 2B31 supplies regulated excitation 
(+10V) to the transducer and operates at again of 333.3 to 
achieve o-lOV output for 0-10,000 p.s.i. at the pressure trans
ducer. Bridge Balance potentiometer is used to cancel out any 
offset which may be present and the Fine Span potentiometer 
adjustment accurately sets the full scale output. Depressing 
the calibration check pushbutton switch shunts a system cali
bration resistor (ReAL) across the transducer bridge to give an 
instant check on system calibration. 

COM -1SV 

''''''' 

BRIDGE 18 +VExc 
BALANCE 

ADJ. 

Figure 6. Pressure Transducer Interface Application 

Platinum RTD Temperature Measurement: In Figure 7 model 
2B31 provides complete convenient signal conditioning in a 
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wide range (-100°C to +600oC) RTD temperature measure
ment system. YSI - Sostman four-wire, won platinum RTD 
(PT139AX) is used. The four wire sensor configuration, com
bined with a constant current excitation and a high input im
pedance offered by the 2B31, eliminates measurement errors 
resulting from voltage drops in the lead wires. Offsetting may 
be provided via the 2B31's offset terminal. The gain is set by 
the gain resistor for a +10V output at +600oC. This applica
tion requires a stable power supply. 

COM - 1SV +1SV 

-15V 

Figure 7. Platinum RTD Temperature Measurement 

Interfacing Three-Wire Sensors: A bridge configuration is par
ticularly useful to provide offset in interfacing to a platinum 
RTD and to detect small, fractional sensor resistance changes. 
Lead compensation is employed, as shown in Figure 8, to 
maintain high measurement accuracy when the lead lengths are 
so long that thermal gradients along the RTD leg may cause 
changes in line resistance. The two completion resistors (R1, 
R2) in the bridge should have a good ratio tracking (±5ppm/oC) 
to eliminate bridge error due to drift. The single resistor (R3) ~ 
in series with the platinum sensor must, however, be of very .. 
high absolute stability. The adjustable excitation in the 2B31 
controls the power dissipated by the RTD itself to avoid 
self-heating errors. 

COM -15V +15V 

Figure 8. Three-Wire RTD Interface 

OTO .,oy 

linearizing Transducer Output. To maximize overall system 
linearity and accuracy. some strain gage-type and RTD trans
ducer analog outputs may require linearization. A simple cir
cuit may be used with the 2B31 to correct for the curvature 
in the input signal as shown in Figure 9. The addition offeed
back in the excitation stage will allow for the correction of 
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2830/2831 
nonlinearity by the addition of two components. The sense 
of the feedback is detennined by whether the nonlinearity 
is concave upward or concave downward Gumper A to pin 21, 
or to pin 2S). The magnitude of the correction is dete»mined 
by the resistor, RSEL, and the linearity adjust pot provides 
a fine trim. 

If an RTD is to he used, the adjustment can be made effi
ciently, without actually changing the temperature, by 
simulating the RTD with a precision resistance decade. The 
offset is adjusted at the low end of the resistance range, the 
fine span is adjusted at about one third of the range, and 
the linearity is adjusted at a resistance c;orresponding to 
fulJ-scaie temperature. One or two iterations of the adjust
ments will probably be found necessary because of the 
interaction of linearity error and scale-factor error. This 
circuit's applications are not restricted to RTD's; it will 
work in most cases where bridges are used - e.g., load cells 
and pressure transducers. 

Figure 9. Transducer Nonlinearity Correction 

PERFORMANCE CHARACTERISTICS 
Input Offset Voltage Drift. Models 2B30/2B31 are available 
in three drift selections. ±O.S, ±1 and ±3p.vfc (max, RTI, G = 
1000VN). Total input drift is composed of two sources (input 
and output stage drifts) and is gain dependent. Figure 10 is a 
graph of the worst case total voltage offset drift vs. gain for 
all versions. 

~ M~Xd~Pl~~~RlfT LIMIT I I 
~ ...... 2B3DJ/2831J(1IiOj1.VrC) I I 

1'\ ~ ~ 2B3:·~~:~:3~~:~!rL 
"\, r---. 

i'.. I> MAX INPUT DRIfT LIMIT 

MODEL 2B3OJ/2B31~ ~ r-r-. OG=l000v!V 

2=J(3pJrc~ 
l°OE.LtfK/2831K -:- ill I 

jDiLli30Lf2931L ....... r- 2B30tC128311C(1,.vfcl 

TO~AL l~pJ ~R!FT = I ~e;mt-/2B31L (O.6/Nfc) 

::1:[ OUTPUTDRIFTOG- llC ± OUTPUTDRIFTOG""'1" .¥( "T"'I-( 
, ''''' G!I I 

.. 
1000 2000 10.000 

Figure 10. Total Input Offset Drift (Worst Csse) VB. Gain 

Gain Nonlinearity and Noise. Nonlinearity is specified as a per
cent of fulJ scale (lOV), e.g. 0.2SmV RTO for 0.002S%. Three 
maximum nonlinearity selections offered are. ±0.002S%, 
±O.OOS% and ±0.01% (G = 1 to 2000VN). Models 2B30/2B31 
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offer also an excelJent voltage noise performance by guaran
teeing maximum RTI noise of lp.V p-p (G = 1000VN, RS';;; 
Skill with noise" bandwidth reduced to 2Hz by the LPF. 

Common Mode Rejection. CMR is rated at ±10V CMV and 
1kil source imbalance. The CMR improves with increasing 
gain. As a function of frequency, the CMR performance is en
hanced by the incorporation of low pass filtering, adding to 
the 90dB minimum rejection ratio of the instrumentati~ am
plifier. The effective CMR at 60Hz at the output of the ftlter 
(fc = 2Hz) is 140dB min. Figure 11 illustrates a typical CMR 
vs. Frequency and Gain. 

'80 II 
G"fW'~ 

V 
."..- II 

I-""" G .. 100 TO 2000, 

~ 
G=tVIV. 

" • .,0" ~ 

~~lll + ZH 7 Eour-"""'"Ac:M 
,on' 12 _ fiLl. CMRoA.:!."f 

r--. lao"11IY ... ,';:' ' ... " '~'iT I 
40 , 

·C .. flSPEClfIEDfOREITHUSWIT01CLOIURE 

'0 
FREQUENCY - Hz 

_r--

r--.. ........ ,.... 
r--.. 

t--.. 

Figure 1,. Common-Mode Rejection VB. Frequency and Gain 

Low Pass Filter: The three pole Bessel-type active filter attenu
ates unwanted high-frequency components of the input sig-
nal above its cutoff frequency (-3dB) with 6OdB/decade roll
off. With a 2Hz filter, attenuation of 70dB at 60Hz is obtained, 
settling time is 600ms to 0.1 % of final value with less than 1% 
overshoot response to step inputs. Figure 12 shows the filter 
response. 

0 

0 

0.' 

II 
f", f~l,L 

\ 

, '0 
FREQUENCY - Hz 

\ 

'00 

Figure 12. Filter Amplitude 
Response vs. Frequency 
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20 
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\ .. LTA.,JC-
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'" r----
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INPUT-OUTPUT VOLTAGE DIFFERENTIAL _ V 

Figure 13. Maximum Load 
Current vs. Regulator Input
Output Voltage Differential 

Bridge Excitation (2B31). The adjustable bridge excitation is 
specified to operate over a wide regulator input voltage range 
(+9.SV to +28V). However, the maximum load current is a 
function of the regulator circuit input-output differential volt
age, as shown in Figure 13. Voltage output is short circuit 
protected and its temperature coefficient is ±0.01S% vouTlc 
max (±0.003%f C typ). Outputtemperature stability is directly 
dependent on a temperature coefficient of a reference and for 
higher stability requirements, a precision external reference 
may be used. 
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WDEVICES 

FEATURES 
Accepts J. K. T. E. R. S or 8 Thermocouple Types 
Internally Provided Cold Junction Compensation 
High CMV Isolation: ±1500V pk 
High CMR: 16Od8 min @60Hz 
Low Drift: ±1p.vfc max (2850B) 
High Linearity: ±0.01% max (285OB) 
I nput Protection and Filtering 
Screw Terminal Input Connections 

APPLICATIONS 
Precision Thermocouple Signal Conditioning For: 

Process Control and Monitoring 
Industrial Automation 
Energy Management 
Data Acquisition Systems 

GENERAL DESCRIPTION 
The model2B50 is a high performance thermocouple signal 
conditioner providing input protection, isolation and common 
mode rejection, amplification, filtering and integral cold junc
tion compensation in a single, compact package. 

The 2B50 has been designed to condition low level analog 
signals, such as those produced by thermocouples, in the pres
ence of high common mode voltages. Featuring direct thermo
couple connection via screw terminals and internally provided 
reference junction temperature sensor, the 2B50 may be jump
er programmed to provide cold junction compensation for 
thermocouple types 1, K, T, and B, or resistor programmed for 
types E, R, and S. 

The high performance of the 2B50 is accomplished by the use 
of reliable transformer isolation techniques. This assures com
plete input to output galvanic isolation (±1500V pk) and 
excellent common mode rejection (160dB @ 60Hz). 

Other key features include: input protection (220V rms), 
fliterinl!. (NMR of 70dB @ 60Hz), iow drift amplification 
(±lp.vic max - 2B50B), and high linearity (±0.01 % max-
2B50B). 

APPLICATIONS 
The 2B50 has been designed to provide thermocouple signal 
conditioning in data acquisition systems, computer inter
face systems, and temperature measurement and control 
instrumentation. 
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Isolated, Thermocouple 
Signal Conditioner 

2850 I 
FUNCTIONAL BLOCK DIAGRAM 
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In thermocouple temperature measurement applications, out
standing features such as low drift, high noise rejection, and 
1500V isolation make the 2B50 an ideal choice for systems 
used in harsh industrial environments. 

DESIGN FEATURES AND USER BENEFITS 
High Reliability: To assure high reliability and provide isola
tion protection to electronic instrumentation, the 2B50 has 
been conservatively designed to meet the IEEE Standard for 
transient voltage protection (472-1974: SWC) and provide 
220V rms differential input protection. 

High Noise Rejection: The 2B50 features internal filtering 
circuitry for elimination of errors caused by RFIIEMI, series 
mode noise, and 50Hz/60Hz pickup. 

Ease of Use: Internal compensation enables the 2B50 to be 
used with seven different thermocouple types. Unique circuit
ry offers a choice of internal or remote reference junction 
temperature sensing. Thermocouple connections may be 
made either by screw terminals or, in applications requiring 
PC Board connections, by terminal pins. 

Small Package: 1.5" X 2.5" X 0.6" size conserves board space. 
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2B50-SPECIFICATIONS (typical @ +25°C and Vs = +15V unless otherwise noted) 

MODEL 2BSOA 2BSOB OUTLINE DIMENSIONS 

INPUT SPECIFICATIONS 
Thermocouple Types 

Jumper Configurable Compensation 
Resistor Configurable Compensation 

Input Span Range 
Gain Range 
Gain Equation 
Gain Error 
Gain Temperature Coefficient 
Gain Nonlinearity' 
Offset Voltage 

Input Offset (Adjustable to Zero) 
vs. Temperature 
vs. Time 

Output Offset (Adjustable to Zero) 
vs. Temperature 

Total Offset Drift 

Input Noise Voltage 
O.OlHz to 100Hz, Rs ; 1kO 

Maximum Safe Differential Input Voltage 
CMV, Input to Output 

Continuous, ac or de 
Common Mode Rejection 

@ 60Hz, 1kO Source Unbalance 
Normal Mode Rejection @ 60Hz 
Bandwidth 
Input Impedance 
Input Bias Current" 
Open Input Detection 

Response Time3 , G ; 2S0 
Cold Junction Comrnsation 

Initial Accuracy 
vs. TemperatureS (+S·C to +4S·C) 

OUTPUT SPECIFICATIONS 
Output Voltage Range6 

Output Resistance 
Output Protection 

POWER SUPPLY 
Voltage 

Output ±VS (Rated Performance) 
(Operating) 

Oscillator +Vosc (Rated Performance) 

ENVIRONMENTAL 
Temperature Range, Rated Performance 

Operating 
Storage Temperature Range 
RFI Effect (5W @ 410MHz @ 3ft) 

Error 

PHYSICAL 
Case Size 

NOTES 
·Specif"u:atioas same IS 2850A. 

J,K,T,orB 
R, S, orE 
±SmV to ±10OmV 
SOVN to 1000VN 
1 + (200kO/RG) 
±0.2S% 
±3Sppmt"C max 
±0.02S% max 

±SOj.lV 
±2. Sj.lV t C max 
±1.Sj.lV/month 
±lOmV 
±30j.lVt"C 

± (2.S +~) j.lV/·C 

1j.1Vp-p 
220V rms, Continuous 

±lS00V pk max 

160dB min 
10dB min 
de to 2.SHz (-3dB) 
100MO 
±SnA 
Downscale 
1.4sec 

±O.S·C 
±0.01·CtC 

±SV@±2mA 
0.10 
Continuous Short to Ground 

±1SV de ±10% @ ±O.SmA 
±12V to ±18V de max 
+13V to +18V@ lSmA 

o to +10·C 
-2S·C to +8SoC 
-SS·C to +8S·C 

±O.S% of Span 

1.S" X 2.S" X 0.6" 

±2Sppmt"C max 
±O.Ol%max 

±lj.1VtCmax 

1 Gain nonliDearity is spec:ified as a pereentage of output signal span tepre .. nting peak deviation from the 
best straight Une, e.g., nonUnearity at an output span of 10V pk1'k ('5V) is '0.01% or ±lmV. 

'Does not indude open circuit detection current of 20nA (optioasl by jumper connection). 
• Open input response time is dependent upon pin. 
"When u..,d with interaslly provided CJC sensor. 
I Compensation error cOJnributed by ambient temperature changes at the module. 
• Output swing of ±lOV may be obtained through output scaling (Fipre 5). 

Specifications subject to ch ...... without notice. 
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FUNCTIONAL DESCRIPTION 
The internal structure of the 2B50 is shown in Figure 1. An 
input filtering and protection network precedes a low drift, 
high performance amplifier whose gain is set by a user supplied 
resistor (Rc) for gains of 50 to 1000VIV. Isolated power is 
brought out to permit convenient adjustment of the input off
set voltage, if desired. 

• f+ 
INPurl_ 

ISOLATED 
POWER 

+VOUT -VOUT 

SENSOR SENSOR J K,T X 

OUT., IN ,~ 
CJC SENSOR PROGRAMMING 

OPEN INPUT 
DETECTION 

OUTPUT OfFSET 
ADJUST 

OSC 
COM OSC 

~ 
OSCILLATOR 

POWER 

Figure 1. 2B50 Functional Block Diagram 

Internal circuitry provides reference junction compensation. 
An integral reference junction sensor is provided for direct 
thermocouple connections, or an external reference sensor 
(2N2222 transistor) may be used in applications having remote 
thermocouple termination. Compensating networks for 
thermocouple types J, K, and T are built into the 2B50. A 
fourth compensation (X) may be programmed with a single 
resistor for any other thermocouple type. The 2B50 can be 
programmed for uncompensated output when used with 
inputs other than thermocouples. 

Transformer coupling is used to achieve stable, reliable input 
to output galvanic isolation, as well as elimination of ground 
loop error effects. 

Normally, the full scale output of the 2B50 is ±5V. However, 
with the addition of an external resistive divider, the output 
buffer amplifier may be scaled for a gain of up to 2, providing 
a full scale output swing of ±10V. 

OPERATING INSTRUCTIONS 
The connections shown in Figure 2 are common to most appli
cations using the 2B50, and, in many cases, will be all that is 
required. 

A. 

Figum2. Basic 2B50 Application 
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Applying the 2850 
Two sets of parallel thermocouple input connections are pro
vided. The thermocouple input may be connected by screw 
terminals (Input+, Input -) or to terminal Pins 1(-) and 
2(+) in cases where thermocouples are to be remotely termi
nated. The following sections describe a basic thermocouple 
application, as well as detail some optional connections to en
hance performance in more demanding applications. Jumper A 
(Figure 2) is used to disconnect cold junction compensation 
circuitry during offset adjustments. 

INTERCONNECTION GUIDELINES 
All power supply inputs should be decoupled with 1j.1F ca
pacitors as close to the unit as possible. Any jumpers installed 
for programming purposes should also be installed as close as 
possible to minimize noise pickup effects. 

Since the oscillator section of the 2B50 accounts for most 
of the power consumption but can accept a wide range of 
voltage (+13V to +18V), it may be desirable to power this 
section from a convenient source of unregulated power. 

If the same supply is to be used for both amplifier and oscil
lator circuitry, the power supply returns should be brought 
out separately so that oscillator power supply currents do not 
flow in the low lead of the signal output. In either case, a 
1j.1F capacitor must be connected from +Vosc (Pin 28 to 
Oscillator COM (Pin 29). 

The oscillator and amplifier sections are completely isolated; 
therefore, a dc power return path is not required between the 
two power supply commons. 

GAIN SETTING 
The gain of the 2B50 is set by a user-supplied resistor (Rc) 
connected as shown in Figure 2. Gain will normally be selected 
so that the maximum output of the signal source will result in 
a plus full scale output swing. The resistor value required is 
determined by the equation: Rc = 200kn/G-1). 

A series trim on the gain setting resistor can be used to trim 
out the resistor tolerance and module gain error (Figure 3). 
Since addition of a series resistance will always decrease gain, 
the value of the gain-setting resistor should be selected to pro
vide a gain somewhat higher than the desired trimmed gain. A 
good quality (e.g., 1OppmtC), metal-film resistor should be 
used for RG, since drift of RG will add to the overall gain 
drift of the 2B50. A cermet pot is suitable for the trim. Note 
that a minimum gain of 50 is required for guaranteed operation. 

Figum3. Gain Adjustment 

INPUT AND OUTPUT OFFSET ADJUSTMENTS 
The 2B50 has provisions for adjusting input and output offset 
errors of the module. None of the offset adjustments will af
fect drift performance, and adjustments need not be used 
unless the particular application calls for lower offsets than 
those specified. 

Connections for offset adjustments are shown in Figure 4. 
Isolated supply voltages are brought out for input trimming 
convenience only and are not for use as a power supply for 
external components. 
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2850 

IAI 

Figure 4. (A) Input and (B) Output Offset Adjustment 

OFFSET CALIBRATION 
1. Short Input + and input - together. 
2. Disconnect cold junction compensation circuitry by 

removing Jumper "An (Figure 2). 
3. Adjust input offset trim pot (±250IN range, RTI) to 

zero output while operating at the desired gain. In most 
applications, adjustment of the input offset alone will be 
sufficient. Output offset adjustment (±30mV range) may 
be performed if it is desired to adjust output offset on 
the nonisolated side. 

OPEN INPUT DETECTION 
Connecting the open input detection pin (Pin 39) to Input 
High (Pin 2) creates a 20nA bias curtent which will provide a 
negative overscale response if the input is opened, or in case 
of thermocouple "burn out". The speed at which this occurs 
is dependent on gain, with a typical response time of 1.4sec 
@G = 250. For positive upscale response, connect a 500Mn 
resistor between +VISO (Pin 8) and Input Hi (Pin 2). 

OUTPUT SCALING 
With the output scale (Pin 16) connected to the output (Pin 
17), the full scale output range is ±5V and the total gain is 
equal to the gain set by RG. For applications requiring a full 
scale output of ±10V, a resistive divider may be connected 
to provide a gain of 2 at the output amplifier (see Figure 5). 
In this configuration, total gain wili be twice the gain set by 
Rc. Output gains greater than 2 cannot be used. 

,}-_-__ ±10VOUT 

lDkn 

lDkn 

Figure 5. Output Scaling Connections 

COLD JUNCTION COMPENSATION 
The 2850 may be programmed to provide cold junction 
compensation for types J, K and T thermocouples by con
necting a jumper from Input Low (Pin 1) to the appropriate 
programming points (Pin 42 for J, Pin 41 for K or T). To 
compensate other themocouple types, a resistor (Rx) is con
nected from the "X" programming point (Pin 40) to Input 
Low (Pin 1). Table I shows the appropriate Rx values for 
types E, R, and S. Rx should be a 50ppm/oC, 1 % tolerance 
resistor. 
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Type 8 thermocouples are unique, in that they have almost 
no output in the +5°C to +45°C range, and therefore, do not 
require cold junction compensation at all. To accommodate a 
type 8 thermocouple, resistor Rx must be left ogen. Error due 
to cold junction temperature will be less than ±1 C for any 
measurement above 260°C. In the measurement range above 
10000 C (where type 8 thermocouples are normally used) the 
error will be less than ±0.3°C. 

TTye 
E 
R,S 
B 

Rx(kfl) 
1.85 
19.6 
Open 

Table I. Compensation Values for Thermocouple Types E, 
R,SandB 

REMOTE REFERENCE SENSING 
In applications requiring termination of themocouple leads 
at a point located remotely from the 2850, with connections 
brought to the 2850 (Pins I, 2) by copper wires, reference 
temperature sensing at the remote location will be necessary. 
The 2B50 has provisions for connection of a 2N2222 tran
sistor (metal can version) for use as a reference junction 
sensor. The connections are shown in Figure 6. The remote 
sensing transistor is calibrated by adjusting RCAL to obtain 
the value of VCAL as specified in Table II. 

(Example: VCAL = 570.0mV @ 25°C) 

"-, r f:Jil 1 : 2N2222 I 

I E I 'f-+--{< 
l~C" 
~C" 

R::~~1~E L ___ J 
JUNCTION 

Figure 6. Remote Reference Junction Sensing 

Sensor Temp (oC) 

5 
10 
15 
20 
25 
30 
35 
40 
45 

VCAL (mV) 

616.5 
604.9 
593.3 
581.6 
570.0 
558.4 
546.8 
535.1 
523.5 

(Values may be interpolated) 

Table II. Calibration Voltages lIS. Sensor Temperature 

Proper sensor placement is important. Close thermal contact 
of the sensor and thermocouple termination point (reference 
junction) is essential for accurate operation of the 2B50. The 
sensor may be placed any distance from the 2850. When the 
sensor leads are more than ten feet long, or in the presence of 
strong noise signal sources, shielded cable should be used. 

REV. A 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Cost Per Channel 
Wide Input Span Range: ±5mV to ±100mV (2854) 

±5OmV to ±5V (2855) 
Pin Compatible with 2B34 RTD Conditioner 
High CMV Isolation: ±1000V dc; CMR = 156dB min @ 60Hz 
Low Input Offset Voltage Drift: ±1/lVfC max (2B54B) 
Low Gain Drift: ±25ppmfc max (2854B) 
Low Nonlinearity: ±O.02% max (±O.012% typ) 
Normal Mode Input Protection (130V rms) and Filtering 
Channel Multiplexing: 400 chan/sec Scanning Speed 
Solid State Reliability 

APPLICATIONS 
Multichannel Thermocouple Temperature Measurements 
Low and High Level Data Acquisition Systems 
Industrial Measuremant and Control Systems 

GENERAL DESCRIPTION 
Models 2B54 and 2B55 are low cost, high performance, four
channel signal conditioners. Both models are functionally 
complete, providing input protection, isolation and common 
mode rejection, multiplexing, filtering and amplification. 

The 2B54 has been designed to condition low level signals 
(±5mV to ±lOOmV),like those generated by thermocouples 
or strain gages, in the presence of high common mode volrages. 
The 2B55 is optimized to condition ±SOmV to ±5Vor 4 to 
20mA transmitter signals as inputs. The four-channel structure 
of both models results in significant cost and size reduction. 

The high performance of the 2BS4 and 2BS5 is accomplished 
by the use of reliable transformer isolation techniques and an 
amplifier-per-channel architecture. Each of the input channels 
is galvanically isolated (±lOOOV dc) from the other input 
channels and from output ground. The amplifier-per-channel 
structure is used to obrain low input drift (±l/lV f C max, 
2BS4B), high common mode rejection (lS6dB @60Hz), and 
very stable gain (±2SppmfC max). Other key features include 
low input noise (l/lV p-p), low nonlineariry (±O.02% max) 
and open-thermocouple detection (2BS4). 

APPUCATIONS 
Models 2BS4 and 2BSS were designed to serve as a superior 
alternative to the relay multiplexing circuits used in multi
channel dara acquisition systems, computer interface systems, 
process signal isolators, and temperature measurement and 
control instrumenration. Advantages over relay circuits include 
functional versatiliry, superior performance, and solid srate 
reliability. Both models are also pin compatible with the 
2B34, four-channel RTD/strain gage conditioner. 

In thermocouple temperature measurement applications, out
sranding low drift, high noise rejection, high throughput and 
lOOOV isolation make the 2BS4 a natural choice over flying 
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Four-Channel, Isolated 
Thermocouple/mY Conditioners 

2854/2855 I 
FUNCTIONAL BLOCK DIAGRAM 
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LOIOFS 

v. 

R. 

RG/COM 

lOIOFS 

I CHANNEL I 
L __________ ~ __ J 2854/2855 

+)SELECT _ A 

capacitor multiplexers in conditioning any thermocouple type. 
When cold junction compensation is required in measurement 
of temperature with thermocouples, the 2BS4 may be used 
directly with the model 2BS6 Universal Cold Junction Com
pensator. 

DESIGN FEATURES AND USER BENEFITS 
Ingh ReliabHity. To assure high reliability and provide isola
tion protection to electronic instrumenration, reliable trans
former isolation and solid srate switching are used. Both 
models have been conservatively designed to meer the IEEE 
srandard for Transient Volrage Protection (472-1974:SWC) 
and offer 130V rms normal mode input protection. 

Ingh Noise Rejection. To preserve high system accuracy in 
electrically noisy industrial environments, the 2B54 and 2BS S 
provide excellent common mode noise rejection, RFIIEMI 
immunity, and low pass filtering for rejection of series mode 
noise and SOHz/60Hz pickup. 

~ of Use. Th~ mu!tichan;?el, functionally complete design 
m a compact (2 X 4 X 0.4 ) module, assures ease of use, con
serves board space and eliminates the need for a number of 
discrete components necessary in relay multiplexing circuits. 

Low Cost. The 2BS4 and 2BSS offer the lowest cost per chan
nel for isolated, solid state, low level signal conditioners. 
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2B54/2B55.-SPECIFICATIONS ~::~I @ +25°& and Vs = ±15V and Vase = +15V, unless otherwise 

ANALOG INPlTfS 
Number of Channels 
Input Span Range 
Gain Equation 
Gain Error 

Gain Temperarure CoeffICient 
Gain Nonlinearityl 

Offset Voltage 

2854A 

±5mV to ±l00mV 
G·I + 10kn/1Ie 

28548 

to.2% max (G = 50 to 300) • 
±I % max (G = 1000) 
±35ppmfC max ±2SppmfC max 
to.OJ% max (G = SO to 300) to.Ot% max(ta.OI2% typ) 
±a.03% (G. 1000) • 

2855A 

t5OmVto±5V . 
to.2% max (G = 1 to 100) 
NA 
±25ppmfC max 
to.02% max (G = 1 to 100) 
NA 

Input Offset, Initial (Adj. to Zero) 
VI. Temperature 
vs. Time 

±20"Vmax 
±2,5J1.VfC max 
±l.SIlV Imonth 
±llmVmax 
±50lolVfCmax 

±501lVrnax 
~lllvfc max(tO.5IlVfctyp) !Sllvfc max 

Output Offset (Adjustable to Zero) 
VI. Tcmpcrawre 

Total Offset Drift. (RTI), max 

Input Noise Voltage 
O.OIHz -100Hz, RS = Ikn 

CMV. Channc1-to-channe1 or 
Channel-tcKiround 
Continuous, ac, 60Hz 
Continuous, ae or de 
Common Mode Rejection 

Rs<IOOn, f;;' SOHz 
Rs<IOOO,f;;'SOHz 

Normal Mode Input, Without Damage 
Normal Mode Rejection, @ 60Hz 
Input Resistance, Power On 

Power Off 
Input Bias Current 

ANALOG OUPUT 
Output Voltage Swing2 

Output Noise, dc - 100kHz 
Output Resistance 

Direct Output 
Switched Output 

CHANNEL SELECfION 
Channel Selection Time to to.Ol % FS 
Channel Scanning Speed 
Channel Select Input Reverse Voltage 

Rating 

POWER SUPPLY 
Voltage 

Output iVS (Rated Performance) 
(Operating) 

Oscillator +Vosc 
(Rated Performance) 

Absolute max +VOSC 
Current 

Output tVS '" ilSV 
Oscillator +VOSC = +lSV 

Supply Effect on Offset 
Output±Vs 
Oscillator +VOSC 

ENVIRONMENTAL 
Temperature 

Rated Performance 
Operating 
Storage 

Relative Humidi~y 0 

Non-Condensmg to +40 C 

CASE SIZE 

NOTES 
·Specif'acations S6me as 2854A. 

±~.S+~)pvfc 

IjtVp·p 

7S0Vrms 
ilOO0V pk max 

IS6dB min(G= 1000) 
128dB min (G '" SO) 
nov nns, 60Hz 
SSdB min (G = 1000) 
100Mn 
3SkOmin 
+8nAmax 

iSV@±SmA 
0.8mVp-p 

0.10 
3Sn 

2.Smsmax 
400 chan/sec min 

3Vmax 

±15V dc ±lO% 
±llV to ±18V dc max 

+13.SV to +24V 
+26V 

i4mAmax 
40mAmax 

!OOpVIYRTO 
IpV/VRTI 

Oto +700 C 
_2So C to +8So C 
-SSoC to +8SoC 

OtO 85% 

2" X 4" X 0.4" 

I Gain aoaliaearity is Ipecifled u a pereentap of output IIignaIspan representing pet.k. deviation 
from the best stnijJbt line;e.a:. nouliDearity at an output span of lOV pk-pk (dV) is :to.()2", or :l2mV. 

'Protected for shorts to ground and/or either supply voltap. 
Specifications subject to change without ootic:c. 
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14SdB min (G = 100) 
llOdB min (G" 1) . 
SSdB min (G = 100) 

74kO min 

OUTLINE DIMENSIONS 
DimensioDS shown in inches and (11UD). 

I---- 2.01 (11.1IMAX'------I ~ 

.LI lA~~~" 
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-c-;,z (1.11 MAX 

1 
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I 
BOTTOM VIEW 
WEIGHT1ZOZ. 

(6101 
~ 1-0.1 (2.S4IGRID 

NOTES: 
TERMINAL PINS INSTALLED ONLY IN SHADED 
HOLE LOCATIONS. 
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FUNCTIONAL DESCRIPTION 
The internal structure of the 2BS4/2BS S is shown in Figure 1. 
Four individually isolated input channels are multiplexed into 
a single output buffer, with the desired channel selected by 
control inputs SELECT A through SELECT D. Isolated power 
and timing signals for the input channels are provided by an 
internal oscillator. 

Each channel contains an input protection and filtering net
work and a low-drift amplifier whose gain is set by a user
supplied resistor (Rei). Additional filtering is provided in the 
amplifier circuit. This structure preserves signal integrity by 
taking all signal gain ahead of the isolation and multiplexing 
circuits. The isolated power supply for each channel is brought 
out to permit convenient fine adjustment of the input offset 
voltage if desired. 

Transformer coupling is used to achieve stable, reliable galvanic 
isolation of each channel from all other channels and from out
put ground. Although the bandwidth of the input channels is 
small (<2Hz at high gains) to provide immunity to normal
mode noise, the multiplexing technique allows the channels 
to be scanned at a high rate (400 channels/sec). Thus a high 
revisitation rate is maintained even in systems with a large 
number of input channels. 

The output buffer amplifier operates at unity gain with feed
back provided by an external connection from the DIRECT 
output to the SENSE input. The DIRECT output provides a 
±SV swing with low source resistance to permit error-free 
operation with heavy loads. In addition, a separate series
switched output with an active-low enable control is provided 
so that multiple modules may be combined without the use of 
external analog multiplexers. An offset trim point which does 
not affect drift is also provided on the output channel. 

HI 

•• @!)1r--+-~-'---> 
•• ICOM~r-:,,,....------I 
LO/OFS 

v. 

.. 
.. /COM 

LOIOFS 

v-

HI .. 
Ra/CDM 

LOICFS 

.. 
v
v. 

I 

L _________ c:~~_J 2864/2856 

Figure 1. 285412855 Functional 810ck Diagram 

The internal oscillator has its own power supply pins for en
hanced application flexibility, and a sync mechanism is pro
vided to eliminate beat-frequency errors when multiple 2BS4/ 
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Understanding the 2854/2855 
2BS S 's are used or when a system clock is present. 

The 2BS4 and 2BSS share the same design, differing only in 
input specifications and filter characteristics. 

OPERATING INSTRUCTIONS 
The connections shown in Figure 2 are common to most 
applications of the 2BS4/2BSS, and in many cases will be all 
that is required. The following sections describe this basic 
application and also detail some optional connections which 
enhance the module's utility in more complex applications. 

DIRECTI'·~----~ 

SENSE 7 
SIGNAL} OUTPUT 

;----~ COM 

1-'-'-+-----.-15V 

} 
OUTPUT 
POWER 

1-"--+--=+1- +1SV 

10 1 ,. 
SELECT C 

- B 20 

A 36 

OPTIONAL 
GUARD TRACK ON PCB 

"DOTTED CONNECTIONS SHOWN FOR 
SEPARATE OSCILLATOR SUPPL V IF USED. 

} CHANNEL 
SELECT 

LOGIC 
COMMON 

Figure 2. Basic 285412855 Application 

Interconnection Guidelines 
In any high accuracy isolator application it is important to 
minimize coupling between input and output, and the 2BS41 
2BSS pinout has been designed to make this easy to do. For 
best results, keep all leads associated with signals on the input 
edge as far as possible from signals on the output edge. This 
will minimize the effects of board leakage and capacitance. 
The use of a guard track on both sides of the board (Figure 2) 
can also be helpful. 

The power supplies should be decoupled with tantalum capac
itors as close to the unit as possible. For lowest noise, the out
put grounding scheme should be as shown in Figure 2. The 
output signal common is connected direcdy to pin 12, with 
power supply returns brought separately to that pin so that 
power supply currents do not flow in the low lead of the signal 
output. 

Since most of the power taken by the 2BS4/2BSS is supplied 
to the internal oscillator which requires only a positive supply 
and can accommodate a wide range of supply voltages, it is 
sometimes desirable to power the oscillator from a convenient 
source of unregulated power (such as +24V - Figure 2). A 
O.1~F capacitor should be then connected direcdy from 
pin 12 to pin 31. Since the output and oscillator circuits 
are not fully isolated, a dc path must exist between the two 
power supply commons. A small (one or two volts) potential 
difference between OUT COM and OSC COM will not affect 
operation. 
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2854/2855 
Gain Setting 
The gain of each channel is independently set by a user
supplied resistor (RG) connected as shown in Figure 2. Chan
nel gain will normally be selected so that the maximum output 
of the signal source will result in a plus or minus full scale 
(±5V) output swing. The resistor value required is RG = 
10kOl (G -1). Thus if Rc = 1010, the gain will be 100, and 
an input signal swing of ±50mV will yield an output span of 
±5V. 

A parallel trim on the gain-setting resistor can be used to trim 
out the resistor's tolerance and the module's gain error (Fig
ure 3). Since a parallel trim will always increase the gain, the 
value of the gain-setting resistor should be chosen to give an 
untrimmed gain somewhat lower than the desired trimmed 
gain. Good quality metal-film resistors should be used for Rc 
since gain accuracy and drift are a direct function of Rc's 
characteristics. Cermet pots are suitable for the trim. 

Figure 3. Input Offset and Gain Adjulltments 

Optional Offset Adjustment 
The 2BS4/2B5S has provision for fine adjustment of the input 
offset of each channel and the output offSet of the entire 
module. None of the offset adjustments affect offset drift, and 
there is no need to make any adjustment unless the application 
calls for tighter offsets than those specified for the module type. 

Connections for input offset adjustment are shown in Figure 
3. This is a fine trim with a limited range (±2S0pV - 2BS4 
and ±lmV - 2B5S, RTI), used to adjust each channel for 
zero offset while operating at the desired gain. Since the 
range of the input offset trim is small, it will usually be neces
sary to adjust output offset first. This can be conveniently 
done by operating one channel with zero input at unity gain 
(by disconnecting the gain resistor) and adjusting the output 
offset control for zero output. Connections for output offset 
adjustment are shown in Figure 4. 

Figure 4. Output Offset and Mallter Gain Adjulltments 

An alternative offset adjustment procedure is appropriate in 
applications where the channel gains are field-selected by 
switching the gain-setting resistor. Here it is desirable to set 
the input offset so that there is no zero shift at the output 
when the gain is changed. To make the adjustment, switch 
back and forth from low to high gain with zero input and ad
just the input offset control until no shift occurs at the output 
when changing gains. Then adjust the output offset control for 
zero output at the lower gain. 
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Stable components (a metal film resistor and a cermet pot) 
should be used for the input offset adjustment to avoid cOm
promising drift. Output offset adjustnient components are not 
critical and may be omitted altogether when a single 2BS41 
2BSS is followed by. an A to D Converter that has a zero 
adjustment. ' 

Channel Selection 
Each channel in the 2BS4/2BSS is turned on and off by a 
SELECT input. As indicated in Figure 1, each SELECT input 
consists of an LED in· series with a resistor, and is not con
nected tei any ot1!er circuits in the module. Turning the LED 
on O;;o2.5mA) turns the channel on, and turning the LED off 
(I";50pA) turns the channel off. This allows considerable 
flexibility of connection, but the easiest way to use the SELECT 
inputs is to tie all four SELECT + pins to +SV and drive the 
SELECT-inputs from TTL logic (either open-collector or 
totem-pole outputs can be used), as shown in Figure 2. 

It is also possible to use CMOS logic to drive the SELECT 
inputs (Figure S). With a +15V logic supply a standard CMOS 
decoder or gate can supply enough current to drive the SE
LECT. inputs directly, .but at lower supply voltages it is advisa
ble to use a buffer such as that shown in Figure Sh. The power 
taken by the SELECT inputs is small, since only one is onat a 
time, but at the higher CMOS supply voltages more current 
than the required 2.SmA will flow. This does not affect opera
tion, but if desired the current can be brought back to the min
imum value with series resistors as shown in Figure S. Use 2kO 
for 10Voperation, and 3.9kO at lSV. 

The maximum reverse voltage applied to any SELECT input 
must be limited to 3V to avoid damage to the LED. Maximum 
forward current should be kept below 2SmA. Each SE.LECT 
input is isolated from all other circuits in the module and may 
be operated up to ±50V away from output and power ground. 

Channels may be selected in any order, and there are no 
restrictions on rate or duty cycle except the 2.Sms settling 
time for access to a channel. It should be noted, however, that 
selecting two or more channels simultaneously for more than 
a few microseconds will result in a very long settling time when 
the conflict is resolved. Timing overlaps should therefore be 
avoided. 

2B64/ 
2BIUi 

1'-.----.--- +16V LOGIC POWER 

Figure 5a. 

Figure 5b. 

&1 so CHANNEL 

00 
0' , 0 , , 

Figure 5. CMOS Channel Selection 

REV. A 



Owmel Expansion 
The 2B54/2B55 has provision for direcdy interconnecting 
several modules when more than four channels are needed. 
The series'1lwitched outputs of a group of modules are con
nected together, the SELECT inputs are driven in parallel, 
and the output of the desired module is selected using the 
Output Enable pin. This is shown in Figure 6. A single 
74LS139 decoder is used to drive the SELECT inputs of up 
to four modules, and also provides address expansion so that 
the binary coded channel address word selects the appropriate 
module output via the Output Enable pins. The overall opera
tion of the serieHwitched outputs is analogous to three-state 
logic, and the output rail is thus an analog bus. 

It is possible to operate up to sixteen modules in parallel, for 
a total of 64 input channels. Note that it will be necessary to 
break up the SELECT inputs into several groups to avoid over
loading the decoder when many modules are used. The set
ding time of the output switches is <50#,s to ±0.01 % and is 
thus negligible in comparison to the channel selection times. 

The Output Enable signal is active low, and is compatible with 
both TTL and CMOS logic. The switching threshold is +1.8V; 
input current at OV is typically -o.4mA. 

The output resistance of the Switched Output (typically 350 
+0.5%fC) is low enough to provide fast switching times but 
will cause gain errors when driving a heavy load. A single buf
fer isolating the Switched Outputs from the load will solve 
this problem in an "analog bus" application (Figure 6). In 
single-module applications the DIRECT (low impedance) out
put should be used. Note that in all cases the SENSE pin must 
be connected to the DIRECT output to provide feedback for 
the output amplifier. 

TO ADDITIONAL MODULES , 
ANALOG CHANNEL MODULE 

BUS SELECT SELECT 
,..,--.., ~ r:-7'. 

2864/28&5 

~ {-- . DIRECT !iJ OUll'UT SENSE AD741C 

\ tE-COMMON 

3 
ENABLE 

r' c ,. 
SELECT B- 20 

A- 36 

2854/28&6 

{-t-!- 74LS139 

DIRECT ~ 
r--

2V3 201-
outPUT SENSE '---- 2V2 >At--\ = tE- '----< 2Y' '0t--, 

2YO 'At--

r-
, 

,v> 

c-
,. 

IV. 
SELECT a- 20 

1Y1 2G8 A_ 3& 
lYO 1G 

'---- ~ 

NOTE: ALL "SELECT +" PINS TIED TO +6\1. 

} 
TOM> 
CONVERTER 

MSB laINARY 
CHANNEL 
ADDRESS 

lsa 

Figure 6. Expansion to More than Four Channels 

Synchronization 
In applications where multiple 2B54/2B5 5 's are used in close 
proximity or when system clock signals are present near the 
isolator, differences in individual oscillator frequencies may 
cause "beat frequency" related output errors. To eliminate 
these errors, multiple units may be synchronized by con
necting the SYNC OUT (pin 33) terminal to the SYNC IN (pin 
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2854/2855 
32) terminal of the adjacent 2B54/2B55 (Figure 7). The first 
of a group of modules may be synchronized to an external 
source via the SYNC IN pin. To minimize noise pickup, sync 
wiring should be separated from analog signal runs. 

The frequency of the external sync source, when used, will 
have a small effect on the gain and output offset of the 2B541 
2B55. Thus any adjustments should be made with the module 
synchronized. 

Figure 7. Synchronization 

Open Input Detection 
The 2B54 can be programmed to respond to an open-circuit 
condition on a channel input with either an upscale or down
scale response when the affected channel is selected. The 
response time to detect an open input can be in the tens of 
seconds, since only a few nA of input bias current are avail
able to charge the input filter. The circuits in Figure 8 
indicate the selection of either downscale or upscale response 
and can be used to provide shorter open-circuit response 
times. Either circuit will produce a bias current of approxi
mately 20nA which can be used to aid or oppose the 3nA 
typically supplied by the module, as shown. The circuit of 
Figure 8A has the advantage of simplicity, but the high
value resistor may not be readily available. Figure 8B shows 
how to solve the problem at the expense of complexity. The 
values shown may be modified to give an optimum trade of 
bias current for response time in a given application. A 2 to 
5 second response is typical for the values shown. 

If a downscale response is desired, a resistor divider circuit 
like Figure 8B may be desired to prevent a negative over
scale. If a negative overscale condition occurs (typically 
-7V), the output will saturate on all channels. 

G) GIVES DOWNSCALE RESPONSE 

® GIVES UPSCALE RESPONSE 

2854/2855 

G) GIVES DOWNSCALE RESPONSE 

o GIVES UPSCALE RESPONSE 

10 

Figure 8. High Speed or Reversed Open Input Detection 
Output Fntering 
In most applications, no output filtering will be required since 
the effect of the small carrier-related noise spikes on the out
put «lmV pop, 100kHz B.W.) drops off rapidly as bandwidth 
decreases and in many cases will be negligible. In some applica
tions (e.g., when driving a successive-approximation A to D) 
the effective system bandwidth may be large enough to pass 
the noise. To eliminate the carrier noise (without any effect 
on switching times), a simple RoC filter may be used at the 
output (Figure 9A). Only one filter is needed even when mul
tiple modules are used, as shown in Figure 9B. If the load to 
be driven has an input resistance of less than lOMO, a buffer 
will be needed. 
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DIRECT 8 
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~----4>- 2B54/2855 
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MODUU. 
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.. 
Figure 9. Output Filtering 

CMR AND NMR PERFORMANCE 
Common mode rejection is a result of both isolation and 
filtering and indicates ability to reject common mode inputs 
while amplifying differential signal inputs. CMR is dependent 
on source impedance imbalance, signal frequency and condi· 
tioner gain. 

Normal mode rejection is also a function of the 2B S4!2BS S 
gain. Figures 10 and 11 illustrate typical CMR and NMR 
performance. Note that any additional low pass filtering (e.g" 
an integrating A to D converter) at the output of the 2BS4! 
2BSS will further improve both CMR and NMR performance. 

2.54_ 

"'H-+ttt-+:±!:.ItI~:;;k-Ni'H-tffl-HttI 
"",\'MALllDj" "'c" . 

1 ... ~r4~~~~+-.r.,~.~,,~'<~~.~_~-rrH 

1 ... 1-+-t-ttt--t--tttt-+-ll-t-tt-'",,,~HttI 
• -'.H-+-Ht-+-t-t-tt-+-++H-H~r""""~ttI 

" 
FREQUENCV _ ... 

Figure 10. Common Mode and Normal Mode 
Response - 2854 

. , ... ~., --,-I ~III--,-1 .L..I.J-'!=-" - ......... -- -'-'::".:-,--....I....L-~~-.J.......J--~ 
FREQUENCY - HI: 

Figure ". Common Mode and Normal Mode 
Response - 2855 

APPUCATIONS 
Thermocouple TemperaQlre Measurement. Figure 12 shows a 
four-channel thermocouple input system with isolation, amp
lification, and multiplexing provided by the 2BS4. Several 
different thermocouple types are used, and the gain-setting 
resistors on each channel have been chosen to take the stand
ard ANSI range for each type to a SV output span. Since 
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thermocouples must be compensated for the temperature of 
the reference junction which is formed where the thermo
couple leads are terminated, the 2BS6 Universal Cold Junction 
Compensator is used. The 2BS6 monitors the temperature of 
the reference junction (terminal block) via an external sensor 
and corrects the signal at the output of the 2BS4 for reference 
temperature. Compensation for several thermocouple types is 
selectable via digital control inputs. Thermocouple lineariza
tion, if needed, would be typically performed in system's 
software. 

Figure 12. Four-Channel Thermocouple Temperature MfNlsure
ment with Cold Junction Compensation 

Process Signals Interface. In Figure 13, the 2BSS is used to 
provide floating inputs for four 4-20mA process signal loops. 
The use of floating inputs in this type of application gives 
protection from common-mode voltages and greatly simplifies 
system configuration, since additional loads in series with the 
loop can be connected on either side of the isolator input. 

Each ' current input is converted into a 1 to S volt signal by 
a 2S00 resistor. The 2BS S is operated at unity gain (no gain
setting resistors) so that a 1 to S volt signal appears at the out
put. Since no gain-setting resistors are used, gain adjustment. 
if required, is done by connecting trims directly across the 
input resistors. Other current ranges can be accommodated 
by changing the value of the input resistors. 

When there are several loads on the loop. compliance voltage 
at the transmitter may be at a premium. In this case it will 
be advantageous to reduce the voltage swing at the isolator 
inputs by using smaller resistors (perhaps 2S0) and scaling 
the output back to a SV span by taking an appropriate gain 
in the isolator . 

Figure 13. Isolated 4-20mA Loop Signals Interface 
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11IIIIIIII ANALOG 
WDEVICES 

Low Cost, Modular 
Process Control Signal Conditioners 

FEATURES 
• Accepts Process Control Input Signals: 

Thermocouples, RTDs, Current, Millivolt and 
Voltage Inputs 

• Powered Current Input Provides Isolated +24 V 
for a Transmitter 

• Analog Current Output Module 
• Complete Signal Conditioning Function: 120 V RMS 

Field Wiring Protection, Filtering, Amplification, 
1500 V RMS Transformer Based Isolation 

• Operates From +14 V DC to +35 V DC Power 
• Factory Calibrated Accuracy 
• Mix and Match Modularity 

GENERAL DESCRIPTION 
The 7B Series of signal conditioners represents a new level of 
price versus performance for the process control industry. These 
modular, plug-in conditioners accept inputs from the most com
mon process control transducers and signals and provide a high 
level isolated output voltage. Galvanic isolation of 1500 volts rms 
is achieved by transformer based circuitry. Both the signal path 
and the power supply are isolated enabling true channel-to
channel isolation. 

The modules accept a nominal power supply input of + 24 volts 
dc with a range of + 14 volts to +35 volts. The small size of I. 7" 
x 2.1" x 0.60" allows large point count applications without 
taking up a lot of space. All specifications are valid over -40°C 
to +85°C. 

Isolated input modules are available for J, K, T, E, R, Sand B 
thermocouples; platinum RTDs; and current, voltage and milli
volt signals. The isolated powered loop input module provides 
+ 24 volts for a transmitter and accepts a 4-20 mA current 
input. All input modules provide a high level 1-5 volt output 
signal, with additional output ranges available. An isolated 
current output module provides a 0--20 rnA or 4-20 rnA signal 
to the field for control applications. A compact sensor for cold 
junction compensation reduces the space required on the 
backplane. 

78 Series I 

variety of backplanes are available to provide a complete solu
tion for the end user or systems integrator. Each backplane con
tains screw terminals for the field wiring connections. A cold 
junction compensation thermistor is installed under the terminal 
blocks on each channel. Only the thermocouple input module 
receives this input signal. This flexibility allows any module 
type, input or output, to be used in any channel on the back
plane. A 25-pin D style connector is used for system hookup. 
Provisions are made for redundant power connections as well as 
an LED to indicate power on. Nineteen-inch rack mount kits 
are available. 

APPLICATIONS 
The 7B Series of signal conditioners is designed to provide an 
easy and cost effective solution to interfacing to transducers in 
process monitoring and control systems. These modules can be 
designed into a system as a component or used with Analog 
Devices' backplanes to provide a higher level solution. The + 24 
volt power supply requirement and a simple pinout eases the 
integration of the 7B Series into a user designed backplane. 
Applications requiring monitoring and control of large numbers 
of analog signals are a perfect fit for the 7B Series. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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78 Series-SPECIFICATIONS 
Input Modules (All specifications are at +25°C. +24 V power.) 

Model 7B3017B31 7B32 7B33 7B34 7B35 

Input Ranges DC mVIDC V Current dcV RTD Current 
Output Ranges 1-5 V, 0-10 V 1-5 V, 2-10 V 1-5 V, 2-10 V * 1-5 V, 2-10 V 
Accuracy' ±0.1% Span max * ±0.13%-±0.2S% * 

Span max' 
Nonlinearity ±0.02% max * ±O.OS% Span 

Conformance 
Stability vs. Ambient Temperature 

Span ±35 ppml"C ±55 ppml"C ±35 ppml"C ±15 ppml"C ±60 ppml"C ±40 ppml"C 
Output Offset ±0.002% SpanfC * * 
Input Offset 1 ". V/"C NA NA 

CMV, Input to Output 1500 V RMS Continuous * * 
CMR @ SO or 60 Hz, 

I kO, Source Unbalance 160 dBI120 dB 105 dB min 105 dB 
NMR@60Hz 60 dB NA NA 
NMR@50Hz 56 dB NA NA 
Input Protection, Continuous 120 V AC Continuous * 
Voltage Output Protection * 
Input Transient Protection * 
Input Resistance NA 
Bandwidth 3 Hz 100 Hz 
Response Time, 0 to 90% 200ms 10 ms 
Minimum Output Voltage -\.2 V'/- 30 V4 

Maximum Output Voltage +7.4 V'/+ 13.5 V4 
Open Input Response NA Upscale Downscale 
Open Input Detection Time NA 10 s max 2 s max 
Power Supply +14 V to +35 V * * +1B V to +30 V 
Power Supply Sensitivity ±0.01% SpanN * * ±0.025% SpanfC 
Power Consumption 25 rnA * * 60 mA max 
Size (H)(W)(D) 2.l3"x 1.705"xO.605", max * * * * 
Environmental 

Rated Temperature Range -40"C to +BS'C * * 
Operating Temperature Range -40"C to +B5'C * * * * 
Storage Temperature Range -40'C to +B5'C * * 
Relative Humidity o to 90%, Noncondensing * * * 

NOTES 
1 Accuracy specification includes the combined effects of repeatability, hysteresis and linearity and does not include sensor or signal source error. 
2 Accuracy specification is dependent on input range, consult factory. 
'1-5 V output. 
40-10 V output. 
*Specific8tions same as 7B30. 
Specifications subject to change without notice. 

Table I. Input Selection 

Input Type / Span Output 

VOLTAGE 
mV DC: 0-10 mY, ±10 mY, ±100 mY, 0-100 mV 1-5 V, 0-10 V 
V DC: 0-1 V, 0-5 V, 1-5 V 1-5 V, 0-10 V 
V DC: 0-10 V, ±IO V, ±S V 1-5 V, 0-10 V 
V: 1-5 V 1-5 V 

PROCESS CURRENT 
4-20 rnA 1-5 V 
4-20 mA, External 250 0 Resistor 1-5 V 
0-20 rnA dc/4-20 rnA dc, 

External 250 0 Resistor 1-5 V, 0-10 V 
4-20 rnA Powered Loop Current 1-5 V 

RTDs 
1000 Pt 1-5 V, 0-10 V 

THERMOCOUPLES 
], K, T, E, R, S, B 1-5 V, 0-10 V 

Model 

7B30 
7B30 
7B31 
7B33 

7B32 
7B33 

7B31 
7B35 

7B34 

7B37 

PIN DESIGNATIONS 

110 & POWER COM 5 
VOUT 4 
+24 VOLTS 3 
INPUT LOW 2 
INPUT HIGH 1 
SENSOR 0 

NOTE 
Pin 0 is only used on the 7B34 
the 7B34 RTD Input and the 7B37 
Thermocouple Input Modules. 

7B37 

Thermocouples 

±O.IO% 
Span max' 

* 

±3S ppml"C 

* 

* 

160 dB 

* 
* 
* 

* 
IOMO 
3 Hz 
200 ms 

* 

Upscale 
10 s max 

* 
* 
* 

* 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Output Module (All specifications are at +25°C, +24 V power.) 

Model 

Input Range 
Output Range 
Load Resistance Range 
Accuracy' 
Nonlinearity 
Stability vs. Ambient Temperature 
CMV, Input To Output 
Output Protection 
Output Transient Protection 
Input Resistance 
Response Time 0 to 90% 
Output Range 

Minimum Output Current 
Maximum Output Current 

Bandwidth 
Power Supply 
Power Supply Sensitivity 
Power Consumption 
Size 
Environmental 

Rated Temperature Range 
Operating Temperature Range 
Storage Temperature Range 
Relative Humidity 

NOTES 

7B39 

1-5 V, 0-10 V 
4-20 mA, 0-20 mA 
Ot08500. 
±0.1% max 
±0.02% max 
±O.OI%rC 
1500 V RMS Continuous 
120 V RMS Continuous 
Meets IEEE-STD472 (SWC) 
10Mo. 
10 ms 

-40°C to +85°C 
-40°C to +85°C 
o to 90% Noncondensing 

78 Series 

1 Accuracy specification includes the combined effects of repeatability, hysteresis and linearity. Does not include signal source error. 
Specifications subject to change without notice. 

7B SERIES MODULE OUTLINE 
Dimensions shown in inches and (mm), 

PAN HEAD 

1_ 1.663(42.24) --jT 
2.11 ± 0.02 

(53.6 ± 0.51) 

~l 
-l~-- -t--'-

0.022 (0.559) 0.042 (1.07) 0.210 ± 0.005 
6 PlCS 0.040 (1.02) (5.33 ± 0.127) 

DIA6PlCS 

PHilLIPS RECESSED...... ~ 0.219 
#4 HEAD PER IFI STDS @ (5.563) 

O.oao (2.032) • J + REF 

'---.rr,...,--..l. 
0.25 ± 0.02 

(6.35 ± 5.08) 

O.O;:~~ 4-40 
6PlCS 

REF 

0.095 ______ 
(2.41) 

THREAD 
4-40 UNC 

1.32 ± 0.03 
(33.53 ± 0.76) 

:1 
2.32 ± 0.09 -0.06 

(58.83 ± 0.09 -0.152) 

-I~ 

0.200±0.015 (15.2±0.127) 

(5.08 ± 0.381) t:C::==::::~~ __ -l-~ ___ --"C-

1 BOTTOM VIEW 1----1 0.30 ± 0.01 
I- 1.700±0.005 -I (7.6 ± 0.25) 

(43.8 ± 0.127) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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78 Series 
SYSTEM DESIGN FEATURES 
• Power Supply Range of +14 Volts to +35 Volts 
• Single Threaded Insert for Module Hold Down 
• Accepts Thermistor for Cold Junction Compensation 

SYSTEM DESIGN INFORMATION 
The 7B Series was designed to be easily integrated into a process 
control system. The pins and the hold down screw fit into the 
same sockets as those used with solid-state relays. The ther
mistor recommended for cold junction compensation is commer
cially available. The pins are 0.022" in diameter and 0.210" 
extending from the bottom of the case. The millivolt, volt and 
current input modules and the current output module have five 
pins and the thermocouple and RTD modules have six pins 
each. The RTD module requires three field wiring connections, 
all others need two. 

BASIC DESIGN GUIDELINES 
Modules may be mounted in any position and will 
placed next to the screw terminals connecting to 
field wiring. The temperature sensor is used 
mocouple modules; but if it is installed in 
modules can be inserted in any channel 
application. The operation of the non-thermocouple 
not affected by the temperature sensor. This sensor 
physically close to the terminals where the thermocouple wire 
connects to copper. Because the low power dissipation of the 7B 
Series modules minimizes temperature gradients on the back
plane, no special precautions are needed to get accurate temper
ature sensing. 

Provisions must be made for a current sense resistor if there are 
current inputs and the 7B32 with the internal sense resistor is 
not being used. The screw terminals for the field wiring connec
tions are large enough for a resistor to be connected directly on 
the terminals. Provisions can also be made to use the pluggable 
current sense resistor offered as an accessory. 

The width of the modules permits installation on 0.625" centers 
where required, but consideration must be given in each appli
cation to the required distance between backplane conductors 
where large interchannel voltages exist or code requirements 
apply. The isolation specification may be downrated due to the 
module spacings. 

Millivolt and Voltage Input 
accept millivolt and volt signals, respec

provide an isolated + 1 to + 5 volt or 0 to + 10 
Both modules have standard ranges from 

±10 V. The 7B31 can be used with a current 
to provide a 0 to + 10 volt output. These modules 

a 3 Hz bandwidth. 

Figure I shows a block diagram of the 7B3017B31. The high 
and low input terminals are protected for up to 120 V rms. The 
high level signals of the 7B31 are attenuated and both modules 
have a one pole low pass filter on the input. A low drift ampli
fier provides the gain of the module. The signal is modulated 
and passed across a transformer supplying 1500 volts of isola
tion. The signal is then demodulated so the original signal is 
recovered. The two pole output filter and buffer ensure a clean 
low noise signal on the output. The power supply section of the 
module is also isolated allowing channel-to-channel isolation. 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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78 Series 
SIGNAL 
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7832: Isolated Current Input 

Figure 2. 

The 7B32 accepts a 4-20 mA current input and provides a + 1 
to + 5 volt output. The 7B32 incorporates an internal protec 
current conversion resistor allowing the process cur 
directly connected to the module without com r 
integrity. The internal resistor allows the 
include the current sense resistor. Downsc 
tion and a bandwidth of 100 Hz is featured. 

Figure 2 is a functional block diagram of the 7B32. 
features input protection of 120 V rms in addition to a low pass 
filter on the input. The input current is converted to a voltage 
signal and then modulated to pass across the transformer bar
rier. The isolated signal is then demodulated and buffered and 
filtered to provide a clean output voltage proportional to the 
input current. 

The 7B32 is available with a + 1 to + 5 volt output. If a current 
input module with a 0 to + 10 volt output is desired, a standard 
7B31 with a + 1 to + 5 volt input and a 250 n current conver
sion resistor can be used. In applications where an external cur
rent sense resistor is preferred, the 7B33 voltage input module 
and the current sense resistor can be used to allow a + 1 to + 5 
volt output. 

~
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FILTER 

& 
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3 
---0 Vs 
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r eOM 

Level Voltage Input 
+ I to + 5 volt input signal and provides a 

with a signal bandwidth of 100 Hz. 

nal block diagram of the 7B33. The two 
Is are protected for the hookup of 120 V rms. A 

S· tor on the input provides downscale open input 
. 2 seconds of a break on the input. A low pass 

ed with a low drift amplifier insure a clean signal 
e modulator stage. The signal is modulated and passed 

across the transformer to provide 1500 V rms common mode 
isolation. The signal is recovered by the demodulator and fed 
through a 2-pole filter and buffered to provide a clean, low 
impedance output signal. 

The + 24 volt power input to the 7B33 provides power for the 
output stage and is passed across a second transformer in order 
to provide isolated power for the input circuitry. This ensures 
channel-to-channel isolation of the modules. 

The 7B33 is available with a + 1 to + 5 volt input and a + I to 
+5 volt output, this module has no provisions for gain or atten- • 
uation. The 7B30 and 7B31 mV and V input modules should be 
used for different input or output ranges. 

The 7B33 can be used with a 250 n resistor as a current input 
module. This external current sense resistor allows the current 
loop to be maintained if the module has to be removed. 
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Figure 3. 7B33 Block Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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78 Series 

7B34: Isolated Linearized RTD Input 
The 7B34 accepts inputs from 100 n platinum RT 
vides a linear voltage output. The 7B34 is av . 
+ 5 volt or a 0 to + 10 volt output range, all 
Hz bandwidth. Three wire lead compensation pr 
2,3 or 4 wire RTDs may be used. Upscale open inpu 
tion is provided on the signal leads. 

Figure 4 is a functional block diagram of the 7B34. The 7B34 
uses three pins for the RTD input, two for the sensor and a 
third for the excitation. All three input terminals are protected 
for up to 120 V rms. Low drift sensor excitation current of 
0.25 rnA is provided for platinum RTDs. A current source iden
tical to the excitation current source is connected to the third 
lead of the RTD to cancel the effects of lead resistance. This 
current also flows through Rz, chosen to represent the RTD 
value of the zero output to voltage of the module. This signal is 
then amplified and modulated to be passed across the isolation 
barrier. The original signal is recovered in the demodulator 
stage. A two pole fIlter and a buffer ensure a clean low noise 
output voltage is provided. 

The + 24 volt power is also isolated by transformer coupling to 
provide channel-to-channel isolation and signal to power isola
tion. The 7B34 will accept power supply inputs from + 14 volts 
to +35 volts. 

SIGNAL 
.--__ ...,ISOLATION,...-__ ., 

2-POLE 
FILTER 

& 
AMPLIAER 

Current Loop Input 

4 

a 4-20 mA current input and provides the 

VOUT 

a transmitter. This module features downscale 

~tion and a bandwidth of 100 Hz. The module 
s tected 200 n current sense resistor eliminating 
r xtemal resistors. A + 1 to + 5 volt output range is 

he functional block diagram is shown in Figure 5. The two 
input terminals are protected for 120 V rms. A one-pole input 
fIlter eliminates high frequency noise. A 200 n current conver
sion resistor converts the signal to a voltage to be amplified. The 
signal is then modulated and passed across the galvanic isolation 
of the transformer to provide 1500 volts of common mode isola
tion. The demodulator reclaims the original signal, which is fIl
tered and buffered to give a clean, low noise output voltage. 

The power supply for the module is also isolated and the mod
ule will accept power inputs from + 18 volts to + 30 volts. 

SIGNAL 
r---""--, ISOLATION r---" 

2-POLE 4 FILTER 
MOD DEMOD & VOUT 

AMPLIFIER 

3 
---0 Vs 

5 

POWER 
ORNER POWER 

~COM 
SUPPLY OSC 

Figure 5. 7B35 Functional Block Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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22nA 

TC<&J P~T 1 ~-.....,t"4 LPF 

o SENSOR L-_ ........ 

7837: Isolated Thermocouple Input 
The 7B37 accepts inputs from J, K, T, E, R, 
thermocouples and provides a nonlineari 
to + 10 volt output. Upscale open thermo 
featured within 10 seconds of a break in in 
wiring. This module is designed to accept cold p 
sation from a thermistor mounted on the backplane adJacent to 
the field wiring terminals. There are standard ranges available 
for each thermocouple type. 

Figure 6 is a functional block diagram of the 7B3 7. In order to 
accommodate the CJC input, the 7B37 uses three input pins. 
Cold junction compensation circuitry corrects for the effects of 
connecting the thermocouple wires to the screw terminals on the 
backplane. Upscale open input detection is provided through the 
22 nA current source. The input terminals are protected for the 
inadvertent connection of 120 V rms. A one-pole low pass filter 
on the input rejects high frequency noise. The input signal is 
offset to set the zero scale input value. A low drift amplifier pro
vides a stable signal into the modulator; 1500 volt signal isola
tion is provided by transformer coupling. A demodulator on the 
output side recovers the original, which is buffered and filtered 
to provide a clean output signal. 

SIGNAL 

SIGNAL 
r---'" ISOLATION r---" 

DEMOD 

POWER 
OSC 

78 Series 

2-POLE 4 
FILrER VOUT 

AMPLIFIER 

3 
--oVs 

5 r COM 

rent Output 
l accepts a + I to + 5 volt or 0 to + 10 volt input 

s system and provides a galvanically isolated 
20 mA current output to the field wiring capable 
on load at +24 volt power. The b~dwidth is 

he functional block diagram is shown in Figure 7. The module 
accepts its input signal from the user's system, typically a DI A. 
The signal is buffered and then modulated to be passed across 
the transformer isolation barrier. After the signal is demodu
lated, it is converted to an output current. The output current 
loop is floating. The output terminals are protected even if a 
120 V rms signal is connected. 

A single + 24 volt power supply drives the module's power 
transformer and the clock oscillator. The power is isolated from 
the input signal. 

4 
r---.., ISOLATION ....-__ .., 

3 
V.O----

5 

COM~ 
POWER 

OSC 

MOD 

DRIVER 

DEMOD 

POWER 
SUPPLY 

Figure 7. 7B39 Functional Block Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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78 Series 
BACKPLANE FUNCTIONAL DESCRIPTION 
The 7B Series includes a variety of backplanes to address end 
user and evaluation needs. Backplanes are available in 16-, 8-
and 4-channel sizes. The 16- and 8-channel backplanes can be 
mounted in a 19" by 3.S" panel space. The 4-channel backplane 
is ideal for evaluation purposes or small point count applica
tions. 

VOLTAGE 
110 

-t 
CHANNEL CHANNEL CHANNEL 

• , , . 
Each backplane channel has three screw terminals for field con
nections. The field connections accept transducer or signal 
inputs and provide excitation and current outputs when needed. 
A cold junction compensation sensor is mounted underneath the 
screw terminal block on each channel to accommodate thermo
couple modules. Each I/O channel has six pin sockets to ensure 
interchangeability of the modules. A standard D type 2S-pin 
connector is used for system interface on the 16-channel back
plane. The connector provides 16 single ended input andlor out
put signals. 

Figure 8. 7BP16 Block Diagram 

All 7B Series backplanes have three power supply connections 
The modules can accept power supply levels from + 1 
volts. Two connections are used for a primary + 
input and a backup power supply. A series 
sense the power supply. If one supply fails, 
take over. The diode also provides reverse power c 
protection. The third power connection can be used £ 
volt power supply since there is no diode drop in the line to 
affect the power supply level. A LED on each backplane indi
cates the power status. 

BACKPLANE SPECIFICATIONS 

7BP16 7BP08 7BP04 

Channels 16 8 4 

External Power 
Requirement +l4Vto+35V * * 

Cold Junction 
Sensor On Each Channel * * 

COM 

CH11 

COM 

CH12 

CH13 

COM 

CH14 

CH15 

COM 

7BP16 

0 CHI!l 

14 0 0 2 COM 

15 0 0 3 CH1 

16 0 0 4 CH2 

17 0 0 5 COM 

18 0 0 6 CH3 

19 0 0 7 CH4 

20 0 0 8 COM 

21 0 0 9 CH5 

22 0 0 10 CH6 

23 0 0 11 COM 

24 0 0 12 CH7 

25 0 0 13 COM 

Size 3.5" x 17.4" 3.5" x 10" 3.5" x 6" Figure 9. System Connection Pinout 

(88.9x441.96 mm) 

*Specifications same as 7BP16 

(88.9x254 mm) (88.9x 152.4 mm) (Bottom View) 

ACCESSORIES 
To facilitate system design with the 7B Series the following 
accj!ssories are available: 

Current Conversion Resistor. This encapsulated, precision 
2S0 [} resistor can be used with the 7B33 Isolated Voltage Input 
Module to convert a 4-20 rnA current input to the l-S volt 
input for the module. 

Rack Mount. A single piece metal chassis for mounting a 7B 
Series backplane in a 19" rack. Model number AC1363. 

Cables. A 2 foot cable with a 2S-pin D type connector and a 
26-pin connector is available to connect the 7B Series backplane 
to systems compatible with the 3B and SB Series families. 

User's Manual. A complete manual is available to instruct the 
user on how to design and install systems using the 7B Series. 

CHANNEL 
1& 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Selection Guide 
Automotive Components 

Model Description 

*AD22001 5·Channel Monolithic Comparator for Lamp Monitoring 
*AD22050 Single· Supply Sensor Interface Circuit 
*AD22100 Monolithic Temperature Sensor with Signal Conditioning 
*AD22150 Monolithic Hall Effect Sensor with Signal Conditioning 
*AD22180 Battery Monitor Circuit 
*AD22181 Alternator Control Circuit 
*ADXL50 Monolithic Accelerometer with Signal Conditioning (50 g Version) 
*AD22002 9·Channel Lamp Monitor 
*AD22030 Monolithic, Dual Input Knock Sensor Interface Circuit 
*AD22055 Resistor Bridge Amplifier, Gain = 400 
*ADXL02 Monolithic Accelerometer with Signal Conditioning (2 g Version) 

Package Options 1 Temp Range2 Page 

2 -40°C to + 125°C 11·5 
2 -4O"C to +125°C 11·6 
2,7,11 -50°C to + 1500C 11·7 
11 -40°C to + 150°C 11·8 
2,11 -55°C to + 125°C 11·8 
7 -55°C to + 125°C 11·9 
1,7 -55°C to + 125°C 7·27; 11·10 
2 -4O"C to + 125°C 11·5 
5 -40°C to +85°C 11·6 
6 -4O"C to + 150°C 11·6 
1,7 -55OC to + 125°C 11·9 

lPackage Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline "SOle" Package; 
7 ~ Hermetic Metal Can; 8 ~ Hermetic Metal Can DIP; 9 ~ Ceramic Flatpack; 10 ~ Plastic Quad Flatpack, 11 ~ Single-in-Line "SIP" Package; 12 ~ Ceramic Leaded Chip Carrier; 13 ~ Nouhermetic Ceramic/ 
Glass DIP; 14 ~ J-Leaded Ceramic Package; IS ~ Ceramic Pin Grid Array; 16 ~ TO-92; 17 ~ Plastic Pin Grid Array. 

'Temperature Ranges: C ~ Commercial, O'C to +70'C; I ~ Industrial, -40'C to +8S'C (Some older products -2S'C to +8S"C); M ~ Military, -SS"C to + 12S'C. 
Boldface Type: Product recommended for new design. 
*New product. 

I 



Orientation 
Automotive Components 
Analog Devices provides advanced semiconductor-based solu
tions for automotive measurement applications to make high 
performance systems affordable to the end user. 

This section contains solid-state sensors and sensor signal condi
tioners designed specifically for automotive applications. The 
solid-state sensors integrate one or more sensors with signal con
ditioning circuitry and a complete output interface onto a single 
monolithic Ie. The ability of many products to work from typi
cal automotive voltage supplies over wide temperature ranges, 
together with the benefits of advanced signal conditioning, make 
the products inherently user friendly. 

The devices in this section represent several years of product 
development in a cooperative effort with major customers in the 
automotive industry. While ideally suited for automotive appli
cations, many of the products are attractive for nonautomotive 
applications as well. All products are available as described and 
in modified versions for custom volume applications. 

SOLID-STATE SENSOR PRODUCT CONCEPT 
In order to achieve significant improvement in automotive sen
sors, Analog Devices utilizes its knowledge and expertise in 
process technology, signal conditioning circuitry, and laser trim
mabie on-chip thin-film resistors. This allows the sensor and 
signal conditioning circuitry to be brought onto one and the 
same Ie resulting in the following benefits: 

1. Higher signal resolution is achieved by combining the sensor 
and signal conditioner to get a high level output (for example 
linear 0 V to 5 V) which can be transferred with high noise 
immunity to the microcontroller. 

This is an improvement over traditional (often inactive oper
ating) sensors which transfer low level outputs (for example 
100m V) across long transfer lines between the sensor and 
microcontroller with significant loss of resolution. 

2. Increased accuracy and linearity are attained by using on-chip 
smart compensation circuitry, linear signal processing and 
laser trimmable on-chip thin-mm resistors to compensate for 
all major sensor errors and unwanted drifts over temperature 
and time. 

3. Standard signal interfaces include voltage (for example 0 V to 
5 V), current, or digital signal outputs. This increases the 
possibility of sharing the solid-state sensor with more than 
one controller unit. 

AUTOMOTIVE POWER SUPPLY CONSIDERATIONS 
Many of Analog Devices' solid-state sensors are designed to 
operate directly from the car battery, and thus withstand the 
inherent harsh conditions present from an unregulated and 
unprotected power supply. Other members of the sensor family 
are designed to use the existing + 5 V regulated power supply 
from the microcontroller PC board. 

11-4 AUTOMOTIVE COMPONENTS 

The car battery voltage, nominally + 12 V, is a dc voltage which 
varies between +8.5 V and + 14.6 V during normal operating 
conditions. However, in some cases, the battery voltage can 
drop far below +8.5 V (for example, during engine start in win
ter) or can go above + 14.6 V (for example, when the alternator 
charge controller fails). Many systems must remain operative 
even under these harsh conditions, and all systems should 
remain undamaged. 

Other circuit protections which Analog Devices considers when 
designing automotive components are: 
- reversed power supply (incorrectly installed battery) 
- double battery voltage (jump start) 
- voltage transients in the range of ± 60 V to beyond ± 100 V 
-load dump 
- EMI (electromagnetic interference) 

OPERATING TEMPERATURE RANGE 
Automotive sensors must operate over a wide temperature 
range. Typical requirement include: 

Passenger Compartment -40°C to +85°e 
The minimum temperature rises 
above ooe almost immediately 
after the car has been started. 

Engine Compartment 
Temperatures may exceed 1500 e 
or even 180°C depending 
on ventilation. 

Trunk and Chassis 

Brake Systems 
This may extend to + 250°C 
depending on location 
and ventilation. 

-40°C to +125°e 

-40°C to + 1l0oe 

-40°C to + 180°C 

All of the devices in this section meet the temperature range 
of -40oe to + 125°C. Many of the products extend to + 150°C, 
and Analog Devices is continuing developments to increase 
the temperature range to + 1800 e and beyond. 

FUTURE DEVELOPMENTS 
Analog Devices is continuing to develop new solid-state sensors 
and signal conditioning circuits, both general purpose and appli
cation specific (ASIC) to be used in applications such as: Local 
Area network, single point torque sensing, contactless angle 
positioning sensing and multiaxis motion detection. We will con
tinue to seek direction from key automotive system designers to 
develop and produce products that will enhance the next genera
tion of automobiles. 



AD22001* - 5-Channel Monolithic Comparator 
for Lamp Monitoring 

FEATURES 
Continuous Status Checks of Five Bulbs 
Lamp Status Check In "On" and "Off" State 
Status Checks of Two In-Line Fuses 
Very Low Voltage Drop at Sensor Shunt Resistor 

(Comparator Threshold 1.75 mV at 22°C) 
Temperature and Supply Voltage Compensated 
Powered Directly from Car Battery: Protection Included 

for Transient, Reverse Supply, Load Dump 
Operating Temperature Range: -40°C to +125°C 
15 V CMOS Compatible Digital Output Signa 
Voltage Limited Power Supply Output 

LogiclCs '0 
The AD22001 is a monolithic, five channellom 
for monitoring the functionality of lamps in autom 
applications. 

The IC tests the series circuit leading to the lamp to determine 
if the circuit is intact and a functional lamp is in the socket. The 
AD22001 continuously checks the functionality of up to five 

'Patents pending. 

AD22002* - 9-Channel Monolithic Comparator 
for Lamp Monitoring 

FEATURES 
Continuous Status Checks of Nine Bulbs 
Status Checks of Five In-Line Fuses 
Very Low Voltage Drop at Sensor Shunt Resistor 

(Comparator Threshold 5 mV at 22°C) 
Includes "Memory" Function for Brake Light 

Applications 
Current-Limited Warning-Lamp Driver 
Under- and Overvoltage Shut-Down Protection 
User Configuable Error-Allowable and Interruption 

Times 
Threshold Voltage Power Supply Compensated 
Powered Directly from Car Battery: Protection Included 

for Transients, Reverse Supply, Load Dump 
Operating Temperature Range: -40°C to +125°C 

The AD22002 is a monolithic, nine channel comparator circuit 
for monitoring the functionality of lamps in automotive 
applications. 

'Patents pendiDg. 

bulbs in either their "on" or "off' state, and also tests for the 
presence of an in-line fuse in two of the series circuits. 

Digital outputs indicate the status of each channel. Additionally, 
the AD22001 provides a voltage limited power supply output to 
supply 15 V CMO circuits that may interface to the AD22001. 

Typical Application Circuit for a Single Channel Lamp 
Monitor 

Each comparator tests whether the circuit to the lamp is com
plete and intact, and determines the functionality of the bulb in 
the socket. The status of five in-line fuses is also checked. 

Faults can be tolerated for a user-defmable time before the out
put is brought low to drive a warning light. 

SHARED 
WARNING 
LAMP 

Typical Application Circuit for One Channel of Lamp 
Monitoring 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

AUTOMOTIVE COMPONENTS 11-5 

II 



AD22030 - Monolithic, Dual Input 
Knock-Sensor Interface Circuit 

FEATURES 
Combines Channel Selection, Gain Control, Filtering, 

Rectifying, Integrating and Buffering Functions on 
One Chip 

Gain Is Programmable to 1, 2, 4, 8 and 16 
User Definable Filter Bandwidth and Center Frequency 
Filter Tunable to Different Frequencies for Channels 1 

and 2 
Rectifier and Output Reset Between Cylinder Firings 
Accepts Knock-Sensor Signals Directly 
Output Is Compatible with A-to-D Converter Inpu 
Operating Temperature Range Is -40·C to + 
Operates from +10 V, +5 V and Com 

The AD22030 is a monolithic, dual channel i 
automotive engine knock sensors. 

It has inputs for the signals from two sensors, and co a es 
between them. These are amplified in turn by a PGA, and then 
bandpass filtered, rectified and averaged to extract the informa
tion of interest. This signal is then buffered by a sample-and-

AD22050* - Single-Supply Sensor Interface 
Circuit 

FEATURES 
Gain of x20 Alterable from x1 to x160 
Input CMR from Ground to 6x (Vs -1 VI 
Output Span 10 mV to (VS -0.21 V 
1-,2-, 3-Pole Low-Pass Filtering Capabilities 
Accurate Midscale Offset Capability 
Differential Input Resistance 400 kG 
Drives 1 kG Load to +4 V Using Vs = +5 V 
Transient Spike Protection & RFI Filters Included 
Operating Temperate Range -40·C to +125·C 

APPLICATIONS 
Current Sensing 
Motor Control 
Interface for Pressure Transducers, 

Position Indicators, Strain Gages, 
and Other Low Level Signal Sources 

The AD220S0 is a single supply difference amplifier for amplify
ing and low-pass filtering small differential voltages (typically 
200 m V FS at a gain of 20) from sources having a large 
common-mode voltage. 

'Patents pending. 

hold function, the result being a direct indication of the knock 
intensity. 

No external active devices are required to derive this signal, 
while the center frequency and bandwidth of the filter are both 
user-definable by passive components. 

y be used to process the signal from a 

Functional Block Diagram 

S&H, 
BUFFER 

OUT 

While the circuit is optimized for + 5 V, supply voltages 
between + 3.0 V and + 36 V can be used. The input common
mode range extends from ground to over + 24 V using a + 5 V 
supply with excellent rejection of this common-mode voltage. 
This is achieved by the use of a special resistive attenuator at 
the input, laser trimmed to a very high differential balance at 
both dc and high frequencies. 

Provisions are included for optional low-pass filtering and gain 
adjustments. An accurate mid-scale offset feature allows bipolar 
signals to be amplified. 

+V (CAR BATTERY) 

CHASSIS 

+5 VOLT 

OUTPUT 
4VPERAMP 

CORNER 
FREQUENCY· 
0.796 Hz -~F 

ANALOG 
GROUND 

SINGLE·POLE LOW PASS FILTERING, GAIN: 40 

Typical Application Circuit for a Current Sensor Interface 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD22055* - Single-Supply Bridge Transducer 
Amplifier 

FEATURES 
Gain of 400. Alterable from 40 to 1000 
Output Span: 20 mV to (Vs-0.25) V 
One Pole Low-Pass Filtering Available 
Offset Capability 
Differential Input Resistance: 230 kG 
Drives 1 kG Load to +4 V Using Vs = +5 V 
Supply Voltage: +3 V to +36 V 
Transient Spike Protection & RFI Filters Included 
Peak Input Voltage (40 ms): 60 V 
Reversed Supply Protection: -34 V 
Operating Temperate Range: -40·C to + 

The AD22055 accepts a differential signal 
ducer whose common-mode signal can be 
power supplies. 

There is an offset pin available which allows the user to shift 
zero output point from less than 20 mV to V s/2. This is helpful 
when compensating bridge offsets. 

*Patents pending. 

AD22100* - Monolithic Temperature Sensor 
with Signal Conditioning 

FEATURES 
200·C Temperature Span 
Accuracy Better Than 2% of Full Scale 
Linearity Better Than ±2·C 
Ratiometric Output Voltage - Output Proportional to 

Temperature x Supply Voltage 
Reverse Voltage Protection 
Low Quiescent Current - Minimal Self-Heating 
High Level. Low Impedance Output 
22.5 mV/·C from +5.000 V Supply 
Wide Power Supply Range 

The AD22100 is a monolithic temperature sensor with on-chip 
signal conditioning. It covers the range - 50·C to + l50·C mak
ing it ideal for use in a wide range of automotive applications, 
including both liquid and air temperature measurement. 

The signal conditioning obviates the need for any trimming, 
buffering or linearization circuitry, greatly simplifying the over
all system design and reducing the overall system cost. 

'Patents pending. 

The extended temperature range allows for local signal condi
tioning for oil and hydraulic pressure sensors as well as other 
automotive sensors. 

The use of an external gain resistor allows the user to compen
sate transducer gain error and temperature drift. 

@ 
~>V~ 

"El' 
,-----+5V 

OUTPUT 

GAIN =400 

Typical Application Circuit for a Pressure Sensor Interface 

The output voltage, which is proportional to the temperature a 
times the supply voltage, ranges from 0.25 V at - 50·C to 
4.75 V at + 150·C from a + 5 V supply. 

The output voltage can be input directly to an analog-to-digital 
converter, which can use the AD22100 supply voltage as its 
reference. 

AIR 
INTAKE 

-50°C 
TO 

+150oC 

~ 
(. RTH 

J 
J 

AD22100 

~ 

SIGNAL OUTPUT 
DIRECT 
TOADC 

INPUT 

+5V...,.. REFERENCE 

ANALOG TO 
DIGITAL 

CONVERTER 

1"\ 

J 

Typical Application Circuit for a Temperature Sensor 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD22150* - Monolithic Hall Effect Sensor with 
Signal Conditioning 

FEATURES 
Sensitive to Small Changes in Field: Operate and 

Release Points at -12 G and +12 G Respectively 
Switch Points Moved in Presence of Large Dynamic 

Fields (±200 G) 
Open Collector Output 
Open and Release Points 
Stable Over -40"C to +150°C Temperature Range 
Hysteresis Built Into the Output 
Maximum Frequency 50 kHz 
Minimum Frequency User Selectable with One 

External Capacitor 

The AD221S0 is a monolithic Hall effect se 
signal conditioning circuitry, which is sensiti 
magnetic field provided, for example, by teeth on a 
ferrous wheel. 

When used in a biasing magnetic field, the ac coupling rejects 
the steady state field to provide precisely controlled switch 
points, while hysteresis of the output ensures bounce free transi
tions between states. 

'Patents pending. 

AD22180* - Automotive Battery Monitor Circuit 

FEATURES 
Measures Automotive Battery Temperature & Voltage 
Built-In Battery Charging Characteristic 
Provides a Signal to Maximize the Battery Charging 

Without Exceeding the Battery Gassing Voltage at 
Any Given Temperature 

Signals "Charge Battery" for Battery Voltage Below 
the Battery Voltage Characteristics of the Figure: 
13.35 V @ 40°C +35 mV/"C for Temperatures Below 
4O"C and -11 mV/"C Above 40"C 

TTL Compatible Open Collector Output 
Output Short Circuit Protected 
No External Components Required 
Powered Directly by Automobile Battery with 

Transient and Reverse Voltage Protection 
Operating Temperature Range -55"C to +125"C 

The AD22180 is a three-terminal, monolithic monitor circuit for 
12 V, lead based, automotive batteries. 

The basic function of this IC is to measure the battery voltage 
and temperature. The measured voltage and temperature will 
then be compared with the internal battery charging curve. This 
IC should be mounted in thermal contact with the battery case. 

'Protected by U.S. Patent Re30,586; others pending. 

The AD22lS0 is stable over a wide temperature range and has a 
broad frequency response. Its tolerance of assembly inaccuracies 
and its immunity to surface roughness combine to give a part 
ideal for use in diverse applications. 

Vee 

BIASING MAGNET 

PIN 1 \ 

~ 
\ 

AD22150 

AD22150 Basic Connection Diagram 

The digital open collector output indicates when the battery can 
be further charged without damaging or reducing its lifetime 
(digital state: high), and when to stop charging (digital state: 
low). 

The digital output of the AD22180 can be directly connected to 
the Alternator Controller Circuit AD22181. 

SIGNAL 

L-~~~~~~==~~~~WUT 
e.g.: 
AD22181 

Typical Application Circuit 

~ 14.0 I--+-+-,"k-++-+ 
g 13.0 

12'~4~0 -'--:---'-:':--'--::':-'--'-=...J....~ 
"c 

Temperature-Voltage Characteristics 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD22181 * - Alternator Control Circuit 
FEATURES 
Directly Controls Alternator Excitation 
Temperature Invariant Charging Voltage Limiter 
Over-Temperature Protective Shutdown 
Remote Sensed Headlamp Voltage Charging Limit 
Interface for Battery Temperature - Voltage Charge 

Control Using AD22180 
Fail-Safe Operation 
Acceleration Cut-Off Mode 

The AD22181 is a 4-pin hybrid device to control an automobile 
alternator. The AD22181 and AD22180 work together to pro
vide a complete charging control system designed to 
battery charge without damaging the battery, alte 
lamps, or electrical system, due to overvoltag 
temperature. 

The AD22181 contains sensors, control cir try, 
transistor to control the excitation to the alternat 
following input parameters: AD22180 output (car volt
age and temperature control), alternator temperature (to avoid 
extreme temperatures), headlamp voltage (to avoid overvoltage 
to headlamps when they are in "on" condition), and alternator 
voltage (fail-safe mechanism to avoid overvoltage to the electrical 
system in case the signal from the AD22180 is lost). 

"Protected by U.S. Patent Re30,586; others pendiog. 

ADXL02* - Monolithic ±2 g Accelerometer with 
Signal Conditioning 

FEATURES 
Full-Scale Measurement Range: :1:2 g 
Self-Test on Digital Command 
Single Supply Operation: :1:5 V to +24 V 
Output Range: 0.25 V to 4.75 V 
Accuracy of Span: 8% over -55°C to +125°C 
Programmable Bandwidth: DC up to 1 kHz 
Linearity: 1% of Full Scale 

APPLICATIONS 
Anti-Lock Braking Systems 
Traction Control Systems 
Smart Suspension Systems 
Vibration Analysis and Cancellation 
Disk Drive 
Inertial Guidance 
Tilt Sensing 
Motion Detection 

The ADXL02 is a monolithic accelerometer which combines a 
polysilicon micromachined sensor with signal conditioning and 
signal processing circuitry. It is capable of measuring both posi-

'Patents pending. 

D+ 
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°C 
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b) FIXED CHARGING UMIT 

HEADLAMP VOLTAGE 
c) OVER·TEMPERATURE SHUT·DOWN 
d) BATTERY VOLTAGE YS. TEMPERATURE 

CHARGING LIMIT FROM AD22180 

OUT 
(EXCITATION) 

Temperature-Voltage Characteristics 

tive and negative acceleration in the :1:2 g range, offering a 
bandwidth of dc up to I kHz. 

The ADXL02 uses a capacitive measurement scheme. The ana
log output is directly proportional to acceleration, and is fully 
scaled, referenced and temperature compensated resulting in 
high accuracy and linearity over the automotive temperature 
range. 

A digital commandable self-test allows the sensor beam to be 
electrostatically deflected at any time, producing an output volt
age which corresponds to the - 2 g output of a healthy sensor 
beam. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADXL50* - Monolithic Accelerometer with 
Signal Conditioning 

FEATURES 
Full-Scale Measurement Range: ±50 g 
Self-Test on Digital Command 
Single Supply Operation: +5 V to +24 V 
Output Range: 0.25 V to 4.75 V 
Accuracy of Span: 8% over -55°C to +125°C 
Uncommitted Output Amplifier for Custom Scaling 

and Zero-g Level Adjustment 
Programmable Bandwidth: DC up to 1 kHz 
Additional Filtering: 2-Pole with External Passive 

Components 
High Shock Survival: <2000 g Unpowered 

APPLICATIONS 
Crash Detection for Airbag Deployme 

Retraction :1 
Vibration Analysis and Cancellation 
Measurement, Characterization and Instrumen tlon, 

e.g., Crash Dummies 

The ADXL50 is a monolithic accelerometer which combines a 
polysilicon micromachined sensor with signal conditioning and 
signal processing circuitry. It is capable of measuring both posi-

*Patents pending. 

tive and negative acceleration in the ± 50 g range, offering a 
bandwidth of dc up to 1 kHz. 

The ADXL50 uses a capacitive measurement scheme. The ana
log output is directly proportional to acceleration, and is fully 
scaled, referenced and temperature compensated resulting in 
high accuracy and' arity over the automotive temperature 

Ie self-test allows the sensor beam to be 
ed at any time, producing an output volt
to the - 50 g output of a healthy sensor 

R2 

Functional Block Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Digital Signal Processing Components 
For more than twenty-five years, Analog Devices has provided 
high-performance solutions to signal processing problems. This 
extensive interaction with designers of leading-edge signal pro
cessing systems forms the basis for continued development of 
new signal processing products. Today, Analog Devices offers a 
wide range of programmable DSP processors based on an archi
tecture that is optimized for signal processing. Processors range 
from a very low cost fixed-point microcomputer, to the highest 
performance IEEE-compatible floating-point microprocessor. 

Together with our signal processing customers, Analog Devices 
has created the industry's first family of Mixed-Signal 
Processors (MSProcessors "') and Mixed-Signal Peripherals 
(MSPeripherals "'). Mixed-Signal Processors combine a program
mable DSP architecture for signal processing with Analog 
Devices' precision signal acquisition circuitry to provide com
pact, low cost, high performance, single-chip solutions. Analog 
Devices is committed to the continuing integration of high
performance signal acquisition systems with optimized DSP 
processors. 

Future MSProcessors will extend the performance of both the 
signal acquisition system and the DSP engine to address emerg
ing applications requirements. What applications can you imag
ine with MSProcessors? 

OPTIMIZED DSP ARCHITECTURE 
Architectures optimized for DSP must meet the five following 
requirements: 

Fast, Flexible Arithmetic 
• Arithmetic units arranged in parallel for Fixed- and Floating

Point families 
• Single-cycle register context switch for Fixed- and Floating-

Point families 
• Separate input and output registers for Fixed-Point family 
• General purpose register file for Floating-Point family 

Extended Dynamic Range of Multiply/Accumulate 
• 40-Bit accumulator for Fixed-Point family 
• 80-Bit accumulator for Floating-Point family 

Single-Cycle Access of Dual Operands 
• Provides single-cycle, 3-bus performance: 

- next instruction fetch 
- 2 data operands 

MSProc:essors and MSPeripherals are trademarks of Analog Devices, Inc. 

Hardware Circular Buffer 
• Maintains 8 simultaneous circular buffers for Fixed-Point 

family 
• Maintains 16 simultaneous circular buffers for Floating-Point 

family 

Zero-Overhead Looping and Single-Cycle Conditional Branching 
• Single-cycle conditional arithmetic instruction for Fixed- and 

Floating-Point families 
• Stack supports 4 levels of nested loops for Fixed-Point family 
• Stack supports 16 levels of nested loops for Floating-Point 

family 

Analog Devices extends the optimized DSP architecture to 
include features such as: 
• Auto data buffering 
• Auto boot from external byte-wide EPROM 
• Auto companding of data through serial port 

DSP DEVELOPMENT SUPPORT 
All processors are supported with a comprehensive set of devel
opment tools including: 

• ANSI C-Compiler • Assembler 
• Linker • Simulator 
• System Builder • Demonstration Board 
• Low Cost EZ-TOOLS • In-Circuit Emulators 

Applications assistance is provided by: 

• Expert DSP Staff • DSPatch Applications 
• Applications Handbooks Newsletter 
• Applications Assistance Line • Applications Library 
• Computer Bulletin Board • 3-Day Programming 

Workshop 

For more information on our DSP products, contact your local 
Analog Devices sales office or authorized distributor. For mar
keting information, contact DSP marketing (617) 461-3881. For 
applications assistance, contact DSP applications (617) 461-3672. 
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~ 
I\) Selection Guide 
S2 DSP Processor Key Feature Summary £? 
~ 
r-

5!1 Inst Internal Internal Internal 8/16-Bit 
C') 

Cycle Off-Chip Program Data Program Program Host On-Chip Low ~ 
r- Time Harvard Memory Memory Cache Memory Serial Interface Program AID and Ext Power Pin Package 

~ Model ns Arch RAM RAM Word Boot Ports Port Timer D/A Interrupts Modes Count Options' 
0 16-Bit Fixed-Point 
~ 
C/) ADSP-2lO0A 80 16 x 24 4 100 PGA,PQFP, 
5!1 CQFP <: 
C') ADSP-2101 60 2K x 24 lK x 16 2 3 68 PGA,PLCC 
C') 

ADSP-2102 60 2K x 242 lK x 16 2 3 68 PGA,PLCC 0 s: ADSP-2lOS 100 lK x 24 O.5K x 16 1 3 68 PLCC 
~ ADSP-2lO6 lOO lK x 242 O.SK x 16 1 3 68 PLCC 

~ ADSP-2111 60 2K x 24 lK x 16 2 3 lOO PGA,PQFP 

(ij ADSP-2112 60 2K x 242 lK x 16 2 3 lOO PGA,PQFP 

ADSP-21mspSO 77 2K x 24 lK x 16 2 3 2 132/144 PQFPIPGA 

ADSP-21msp51 77 2K x 242 & lK x 16 2 3 2 1321144 PQFPIPGA 
2K x 24 ROM 

3Z140-Bit Floating-Point 
ADSP-2lOlO 80 32 x 48 4 304 PQFP 

ADSP-2lO20 40 32 x 48 4 223 PGA 

NOTES 
IPackage Options: CQFP = Ceramic Quad Flat Pack; PGA = Ceramic Pin Grid Array; PLCC = Plastic Leaded Chip Carrier; PQFP = Plastic Quad Flat Pack; PPGA = Plastic Pin Grid Array. 
'RAMIROM. 



Mixed-Signal 
Application Specific Integrated Circuits 

Analog Devices offers a full spectrum of signal conditioning 
and conversion capabilities in mixed-signal application specific 
integrated circuits (ASICs). These chip-level systems can imple
ment combined analog/digital designs with 10- to 14-bit accuracy 
and 12- to 20-bit resolution that formerly required board-level 
solutions. Combined with our general purpose DSPs from the 
ADSP-2100 and ADSP-21000 families, our ASICs can provide 
custom two-chip solutions to meet complex system requirements. 

Analog Devices can incorporate most of the functions of its stan
dard monolithic linear and converter parts in full-custom and 
semicustom ICs. Full-custom parts optimize performance and 
space requirements, while cell-based semicustom parts reduce 
development time and engineering expense. Development costs 
can be cut further by tailoring a predefined system-on-a-chip 
known as a Linear System Macro to your application. 

Analog's experienced design engineers work with powerful 
computer-aided design tools to design and layout your circuit. 
Design centers are currently in Massachusetts, Japan and Ireland. 

Multiple locations for fabrication, assembly and testing ensure a 
ready supply of production parts. Products are processed in our 
MIL-3851O certified facilities. 

DESIGN EXAMPLES 
Analog Devices has created a variety of customer-specific and 
function-specific ASICs for data acquisition and signal process
ing. Two examples of cell-based designs are the following appli
cation specific standard products (ASSPs). 

AD75004 Quad DAC 
This circuit contains four separate 12-bit D/A converters with 
amplifiers for voltage output and an on-board reference. 
Double-buffering latches interface with an 8-bit parallel bus and 
permit updating of all four channels individually or simulta
neously. Outputs swing ±5 V, drive ±5 rnA, and settle within 
4 f.Ls. 

07 

DB 

DO VOUT2 

0' 
D. 

D. 

0' 
DO 

CS WR A3 A2 A1 AO 

AD75068 Octal Programmable Gain Amplifier 
The AD75068 contains eight programmable gain amplifiers 
(PGAs). Each is complete, including switch/resistor network and 
gain programming latch, and requires no external components. 
Each channel may be independently programmed for gains from 
1 to 128. A unique circuit design maintains constant 2 MHz 
bandwidth at all gains and offers very low phase shift; the PGAs 
also feature low input bias current «4 pA). 

v, .. 
VOUTO 

V1N1 VOUT1 
V1N2 VOUT2 
YiN3 VOUT3 V1N4 VOUT4 
VI .. VOUTS 
V1N& 

VOUT6 
VI., VOUT7 

GO 
G1 AGNDo 
G2 AGND, 
AO OCTAL AGND 2 

A1 LATCH AD75068 AGND. 
A2 AGND, 

Viii AGND. 
AGND, 
AGND7 

DGND 

Derivative Circuits 
The circuits outlined above can be modified to suit a specific 
customer's application. For example, the AD75004 quad DAC 
could be expanded to 6 channels, each of which may have sepa
rate reference inputs. The AD75068 could be configured to 
include ftltering. These modifications, when based on standard 
library cells, can provide the fastest, most cost effective semi
custom solution. 

AnalogIDigital BiCMOS Processes 
Analog Devices fabricates ASICs and USICs in four bipolar
CMOS processes, which are also used for volume production of 
standard ICs. All of these processes are optimized for analog and III 
mixed-signal circuits and handle wide dynamic ranges. They 
combine bipolar and CMOS transistors with accurate resistors 
on one chip. 

The bipolar transistors provide precision, low noise, low offset 
input stages and moderate-power output stages. The CMOS 
devices make low power logic; switches for analog multiplexers, 
data converters, and switched-capacitor ftlters; and high imped
ance input stages and current sources for linear circuitry. The 
thin-ftlm resistors are very stable over time and temperature, 
and may be laser-trimmed for tight tolerance on relative match
ing and absolute values. 
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The BiMOS II Process 
BiMOS II has the most comprehensive cell library of Analog's 
BiCMOS processes; highlights of the library are listed below. 
With supply voltages up to 24 V and its very low noise, it can 
handle signals with a dynamic range of over 20 bits. 

BiMOS II features high quality NPN transistors that have very 
low noise, tight matching, and high Early voltage. These charac
teristics make possible high performance amplifiers and compar
ators with low offset input stages and excellent linearity, as well 
as stable bandgap references. 

The 3-.... CMOS builds logic as well as analog switches and 
high impedance input stages and current sources. The excep-

BiMOS II Cell Library 

tionally stable thin-fIlm resistors are used in precision data con
verters, programmable-gain amplifiers, and other linear circuits. 

BiMOS II uses two levels of metal interconnect as well as self
aligned polysilicon to reduce chip area and layout time. It is fab
ricated on epitaxial wafers that minimize crosstalk, leakage, and 
ESD susceptibility. 

The BiMOS II process can operate with supplies up to 24 V; 
the cell library is designed to run on ± 12 V supplies. Most 
BiMOS II cells are designed to accommodate ± 5 V signals, 
although some cells can handle ±8 V or ±10 V swings. 

The following table lists key examples of analog and converter 
cells in the BiMOS II library . Logic cells include gates, 
counters, registers, microsequencer, PLA, RAM and ROM. 
Interface cells include 8-bit and 16-bit parallel 110 ports as well 
as synchronous serial ports and UARTs. 

Analog-to-Digital Converter 
ADC1210 12-bit resolution, 15 .... s conversion time, ±5 V input range, SAR type 

Amplifiers 
AMPBHlO 
AMPBH20 
AMPBH30 
AMPBH40 
AMPMH10 

Comparator 
CMPBH10 

Bipolar input op amp; gain > 120 dB, BW > 1.6 MHz, offset < O.S mV 
Bipolar input op amp; uncompensated, bandwidth> 2.7S MHz at gain;", 4 
Bipolar input instrument amplifier; CMRR ;", 7S dB, nonlinearity < 20 ppm 
Bipolar input op amp; IB < 1 nA, gain > 120 dB, offset < 0.5 mV 
MOS input op amp; IB < 50 pA, gain > 120 dB, bandwidth> 1.6 MHz 

Bipolar input comparator; clocked; prop delay < 130 ns at 1 m V overdrive 

Digital-to-Analog Converters 
DAC0810 8-bit res., settling time < 70 ns, 0-248 .... A output, INL & DNL < 0.25 LSB 
DAC1210 12-bit res., settling time < 100 ns, 0-1 mA output, INL & DNL < 1 LSB 
DAC1220 12-bit res., settling time < 25 ns, 4-quad multiplying, INL & DNL < 1 LSB 
DAC1410 14-bit resolution, settling time < 120 ns, 0-2 mA output, DNL < 1 LSB 

Analog Multiplexers 
MUX1BlOD 2-channel mlix; RON < 3 kn, turn-on time < 30 ns, charge injection = 0.1 pC 
MUX1B30 Analog switch; RoN < 100 n, turn-on time < 30 ns, charge injection = 1 pC 

Voltage References 
REF5V30 5 V reference; TC < 25 ppmf'C, lload <4 mA, w/force and sense lines 
REF10V10 10 V reference; TC < 25 ppm/DC, 110ad <4 mA, w/force and sense lines 

Samp1e-and-Hold Amplifier 
SHATFlO For 12-bit use; acquisition time < 3 .... s, slew rate = 6 V/ .... s, droop = 2.5 mVlms 

Temperature Sensor 
TMPI0 Outputs 10 mV/K (3.00 V at 27°C) 
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ANALOG DEVICES HIGH PERFORMANCE BiCMOS PROCESSES FOR ASICs 

Other Processes 

Process 

BiMOS II 
ABCMOS 
LC2MOS-2 
LC2MOS-5 

Supply Voltage 

24 V 
12 V 
12 V 
30 V 

Gate Length 

3", 
2", 
2", 
5", 

While BiMOS II is used for most cell-based USICs, Analog 
Devices fabricates USICs in three other processes which may be 
used in applications that require higher speed, lower noise, or 
higher supply voltage. ABCMOS (Advanced Analog BiCMOS) is 
our newest, fastest, and densest BiCMOS process. It features 2 
GHz NPN devices and fine-geometry CMOS and runs on ±5 V 
supplies, with ±3 V signal swings. LC2MOS (Linear
Compatible CMOS) has two variants: one runs on ±5 V sup
plies, with ±3 V signal swings; the other runs on ±15 V, with 
±IO V swings. LC2MOS also includes JFETs for very low input 
noise at high input impedance, and buried Zener diodes with 
better noise and drift than many bandgap references. 

The table above compares our BiCMOS USIC processes and 
highlights the key features of each. Analog Devices will review 
your application and recommend the appropriate bipolar process 
for your needs. . 

COMPUTER-AIDED DESIGN TOOLS 
Designing a high performance mixed-signal IC is inherently 
more difficult than designing a gate array. The variety of analog 
and digital functions requires a cell-based approach. However, 
the use of powerful tools gives high confidence of functionality 
at first silicon through thorough simulation and layout verifica
tion. Complete computer-generated documentation of all sche
matics and analog and logic simulation waveforms permits 
thorough evaluation of Analog's design by your design staff 
before signoff for fmal layout and fabrication. 

The overall work flow through the CAD environment follows. 
Key to meeting the special challenges of mixed analog/digital 
circuitry are the simulation and auto-layout tools, and the unifi
cation of design and layout information in a single database. 
Analog Devices has developed a suite of proprietary computer
aided design tools, called JANUS'", to address these issues and 
to implement turn-key designs. 

The JANUS schematic editor offers numerous time-saving tech
niques and provides for specification of such data as wire 
widths, routing layers and routing priorities. It automatically 
generates a net list used by subsequent tools. 

Analog uses several simulators, including electrical, logic and 
behavioral types. ADICE, a proprietary enhanced version of the 
SPICE electrical simulator, gives precision simulation of critical 
analog sections. It uses Newton-Raphson methods to iteratively 
solve nonlinear time-dependent simultaneous differential equa
tions. It is efficient for circuits up to about 250 active devices 
and is used for the frequency domain or transient analysis of 
analog cells such as op amps, or sensitive digital cells such as 
dynamic RAM. 

JANUS is a trademark of Analog Devices, Inc. 

fT 

300 MHz 
2 GHz 
I GHz 
1 GHz 

Gate Capacity 

2,000 
10,000 
5,000 
1,000 

Features 

Large Cell Library 
Highest Speed, Density 
JFET, Buried Zener 
JFET, Buried Zener 

COMPUTER-AIDED DESIGN FLOW 

Event-driven simulators handle larger circuits, with thousands of 
devices, and are typically used to simulate logic. The JANUS 
mixed-signal simulator combines an event-driven simulator with 
Newton-Raphson methods. It dynamically partitions the circuit 
to apply the faster event-driven techniques where possible, and 
the matrix methods where necessary. It also dynamically sizes 
the matrix and time steps to speed simulation further. The 
simulator can operate at the transistor level or use behavioral 
models, or both at the same time, allowing trade-offs between 
accuracy and speed. 

For layout, the challenge is to increase automation while accom
modating the layout sensitivity of analog circuitry. Device gener-
ators exist for the full range of active and passive devices .. 
available in the technology to automatically create a physical ~ 
representation of the circuit schematic. This layout may be opti-
mized through conventional interactive polygon-pushing. 

The JANUS routing editor is driven by the connectivity of the 
schematics, but allows great freedom to manually control the 
routing of critical analog signal paths or power/ground lines 
while autorouting noncritical nets and spacing the layout to 
achieve automatic enforcement of layout rules. The JANUS 
routing editor uses up to three interconnect levels, and will 
automatically expand and compact placement as necessary to 
achieve 100% routing. 

Finally, industry-standard layout verification tools assure con
formance of the layout to both the schematic and design rules to 
give high confidence of functionality in first silicon. The CAD 
tool suite communicates via industry-standard stream formats to 
external databases and pattern generators. 
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TEST AND TRIM 
Analog Devices has over 20 years of experience in testing com
plex circuits and manufactures commercial test systems for 
precision linear ICs. In each fabrication facility, a computer net
work integrates Analog Devices, H-P, Teradyne and LTX test 
equipment. The design, wafer probe and test areas share data on 
the network for statistical analysis and device modeling. 

All Analog Devices ASICs are tested at the wafer level, and 
most are laser-wafer trimmed to achieve high accuracy. Untrim
med thin-film resistors match within 1% to 0.1 %, depending on 
area. Trimmed resistors can match to better than 0.01 %. Wafers 
may be laser drift trimmed with a hot-chuck probe to minimize 
the effects of temperature on accuracy. 

After packaging, all parts are tested to assure that they meet 
guaranteed specifications. Environmental handlers can verify 
parts at multiple temperatures. Burn-in is performed as specified 
by the customer. 

PACKAGING 
Analog Devices ICs are available in most modern package types, 
including high pin-count and surface mount varieties. ASICs 
may be assembled in any of Analog Devices' standard packages, 
listed below. This list is constantly expanded and other packages 
may be used if they are suitable for high performance applications. 

Available Packages 
Pin Grid Array (PGA): 68 to 144 pins 
Ceramic J Leaded Chip Carrier (CJLCC): 44 to 68 pins 
Plastic Quad Flat Pack (PQFP): 44 to 132 pins 
Plastic Leaded Chip Carrier (PLCC): 20 to 68 pins 
Plastic Dual Inline Package (DIP): 14 to 64 pins 
Side-Brazed DIP: 14 to 64 pins 
Frit-Seal DIP (Cerdip): 14 to 40 pins 
Small Outline (SO): 14 to 28 pins 
Ceramic Quad Flat Pack (CQFP): 80 to 104 leads 
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PROGRAM RESPONSIBILITIES AND INTERFACES 
The following figure shows the major phases in developing an 
ASIC and responsibilities during each phase. The overall devel
opment time depends on the complexity of the circuit and on 
how custom the design is. 

Your Analog Devices sales engineer is your first interface for 
ASIC development. Your local sales office can provide further 
information on Analog Devices' customlsemicustom capabilities. 
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GENERAL DESCRIPTION 
Analog Devices offers a broad line of modular addc power sup
plies that provide both OEMs and designers a reliable, easy to 
use, low-cost solution to their power requirements. Models are 
available in PC mountable and chassis mountable designs with 
S volt to IS volt (single, dual, triple) outputs and current ratings 
frolll 2S mA to S amps. Since these modular supplies are fully 
encapsulated, no trimming or external component selection is 
necessary; simply mount the unit, connect power and output 
leads, and you're on the air! Most Analog Devices' power sup
plies are available from stock in both large and small quantities 
with substantial discounts being applied to large quantity orders. 

AC/DC POWER SUPPLY FEATURES 
• Current Limit Short Circuit Protection 
• PC Mounted and Chassis Mounted Versions 
• Single (+S V), Dual (±12 V, ±IS V), and Triple 

(±IS V/+S V, ±IS V/+I V to + IS V) Output Supplies 
• Current Outputs: 

2S mA to 1000 mA for Dual and Triple Output Supplies 
250 mA to SOOO mA for Single Output Supplies 

• Wide Input Voltage Range 
• Low Output Ripple and Noise 
• Excellent Line & Load Regulation Characteristics 
• High Temperature Stability 
• Free-Air Convection Cooling; No External Heat Sink Required 

Power Supplies 
Modular AC/DC Power Supplies 

GENERAL SPECIFICATIONS 
Power Requirements 
Input Voltage Range: 
Frequency: 

Electrical Specifications 

lOS V ac to 12S V ac 
50 Hz to 250 Hz 

Temperature Coefficient: 0.02%/,C 
Output Voltage Accuracy: ±2%, max 

Breakdown Voltage: 
Isolation Resistance: 
Short Circuit Protection: 

See Specifications Table 
SOO V rms, min 
SOMD 
All addc power supplies 
employ current liniiting. 
They can withstand sub
stantial .overload including 
direct short. Prolonged 
operation should be avoided 
since excessive temperature 
rises will occur. 

Environmental Requirements 
Operating Temperature 
Range: - 2SoC to + 71 °C 

Storage Temperature 
Range: -2SoC to +8SoC 

SPECIFICA nONS - Typical @ + 250C and 115 V ac 60 Hz unless otherwise noted* 

Output Output Line Reg. Load Reg. Output Ripple & 
Voltage Current max max Voltage Noise Dimensions 

Type Model Volts mA % % Error max mV rms max Inches 

r 904 ±15 ±50 0.02 0.02 ±200mV 0.5 3.5x2.5xO.875 
-OmV 

902 ±15 ±Ioo 0.02 0.02 +300mV 0.5 3.5x2.5xI.25 
-OmV 

Dual 902-2 ±15 ±Ioo 0.02 0.02 +300mV 0.5 3.5x2.SxO.875 

") Output -OmV 
920 ±15 ±200 0.02 0.02 +300mV 0.5 3.5x2.SxI.25 

J -OmV 
925 ±15 ±350 0.02 0.02 ±I% 0.5 3.5x2.5xI.62 

1 921 ±12 ±240 0.02 0.02 +300mV 0.5 3.5x2.5x1.2S 

III 
-OmV 

~ Single 
90S 1000 0.02 0.05 ±I% I 3.5x2.5x 1.25 
922 2000 0.02 0.05 ±I% I 3.5x2.5xI.62 

_1 

Output 928 3000 0.05 0.10 ±2% 5 (typ) 3.5x2.5x 1.2S 

923 ±IS ±100 0.02 0.02 ±I% 0.5 3.5x2.5x1.25 
Triple +5 500 0.02 0.05 ±I% 0.5 
Output 927 ±15 ±ISO 0.02 0.02 ±2% 0.5 (typ) 3.Sx2.SxI.62 

+S 1000 0.02 0.10 ±2% 1.0 (typ) 

t Dual 970 ±IS ±200 0.05 0.05 ±2% 4.4x2.7x 1.45 
Output 975 ±IS ±5oo 0.05 0.05 ±2% 4.4x2.7x2.oo 

·a ") Single 
95S 1000 0.05 O.IS ±2% 2 4.4x2.7x I.4S 

aJ 976 3000 O.OS 0.10 ±2% 5 (typ) 4.7Sx2.7xI.4S 
Output 977 SOOO O.OS 0.10 ±2% S (typ) 4.75x2.7x I.4S 

-~ 
Triple 974 ±IS ±ISO 0.02 0.02 ±2% O.S (typ) 4.7Sx2.7xI.4S 
Output +S 1000 0.02 0.10 ±2% 1.0 (typ) 

·Consult Analog Devices Power Supplies Catalog for additional information. 
Specifications subject to change without notice. 
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Power Supplies 
Modular DC/DC Converters 
GENERAL DESCRIPTION 
Analog Devices' line of compact dc/de converters offers system 
designers a means of supplying a reliable, easy to use, low cost 
solution to a variety of floating (analog and digital) power appli
cations. These devices provide high accuracy, short circuit pro
tected, regulated outputs with very low output noise and ripple 
characteristics. 

Fourteen models are offered in five power levels of 1 watt, 1.8 
watts, 4.S watts, 6· watts and 12 watts. Input voltage versions 
include S volt, 12 volt, 24 volt and 28 volt with output ranges as 
follows: +S volt, ±12 volts and ±IS volts at ±60mA to 1000 mA 
output current capability. 

Most models are high efficiency (typically over 60% at full load) 
and feature complete 6-sided continuous shielding for EMIIRFI 
protection. A 1T-type input fIlter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices' dc/dc converters are available 
from stook in both large and small quantities with substantial 
discounts being applied to large quantity orders. 

DCIDC POWER SUPPLY FEATURES 
• Inaudible (> 20 kHz) Converter Switching Frequency 
• Continuous, Six-Sided EMIIRFI Shielding Except on 1 Watt 

and 1.8 Watt Models 
• Output Short Circuit Protection (Either Output to Common) 
• Automatic Restart After Short Condition Removed 
• Automatic Starting with Reverse Current Injected 

into Outputs 
• Low Output Ripple and Noise 
• High Temperature Stability 
• Free Air Convection Cooling 

No external heat sink or specification derating is required 
over the operating temperature range. 

GENERAL SPECIFICATIONS FOR 1 WAND 1.8 W 
MODELS 
Line Regulation - Full Range: ±0.3% (±1% max, 949) 
Load Regulation - No Load to Full Load: ±0,4% 

(±O.S% max, 949) 
Output Noise and Ripple: 20 mV p-p, with IS ,...F tantalum 

capacitor across each output (2 m V rms max, 949) 
Breakdown Voltage: 300 V dc min (SOO V dc min, 949) 
Input Filter Type: 1T 
Operating Temperature Range: - 2SoC to + 71 °C 
Storage Temperature Range: -40°C to + 12SOC (+ 100°C, 949) 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at IS0%-200% of the 
dc/dc converter's full load input current. 

GENERAL SPECIFICATIONS FOR 4.5 W, 6 W AND 12 W 
MODELS 
Line Regulation - Full Range: ±0.07% max (±0.02% max, 

9S1, 960 Series) (±0.1% max,' 943) 
Load Regulation - No Load to Full Load: ±0.07% max 

(±0.02% max, 9S1, 960 Series) (±0.1% max, 943) 
Output Noise and Ripple: 1 mV rms max 
Breakdown Voltage: 500 V dc min 
Input Filter Type: 1T 
Operating Temperature Range: -25°C to +71°C 
Storage Temperature Range: -40°C to + 125°C 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter's full load input current. 

SPECIFICATIONS - Typical @ + 25°C at nominal input voltage unless otherwise noted< 

Input' 
Output Output Input Voltage Input Output Temperature Efficiency 
Voltage Current Voltage Range Current Voltage Coefficient FuHLoad Dimensions 

Model Volts rnA Volts Volts FuHLoad Error max f'C max min Inches 

943 1000 4.7515.25 1.52A ±I% ±0.02% 62% 2.0x2.0xO.38 
958 100 4.515.5 200mA ±5% ±0.01 % (typ) 50% 1.25 x 0.8 x 0.4 
941 ±12 ±150 4.7515.25 1.l7A ±1% ±0.01% 58% 2.0x2.0xO.38 
960 ±12 ±40 4.515.5 384mA ±5% ±0.01 % (typ) 50% 1.25 x 0.8 x 0.4 
.962 ±15 ±33 4.515.5 3%mA ±5% ±0.01% (typ) 50% 1.25xO.8xO.4 
964 ±15 ±33 12 10.8/13.2 165mA ±5% ±0.01 % (typ) 50% 1.25xO.8xO.4 
965 ±ls ±190 5 4.6515.5 1.7 A ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
966 ±ls ±190 12 11.2/13.2 7l0mA ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
967 ±Is ±190 24 22.3/26.4 350mA ±1% ±0.005% (typ) 62% (typ) 2.0x2.0xO.38 
949 ±l5 ±60** 5 4.6515.5 0.6 A ±2% ±0.03% 58% 2.0x 1.0xO.375 
940 ±15 ±150 5 4.7515.25 1.35 A ±1% ±0.01% 62% 2.0x2.0xO.38 
953 ±15 ±150 12 11/13 0.6A ±0.5% ±0.01% 62% 2.0x2.0xO.38 
945 ±15 ±150 28 23/31 250mA ±0.5% ±0.01% 61% 2.0x2.0xO.38 

NOTES 
I Models 940 and 941 will deliver up to 120 rnA output current (and Model 943 will deliver up to 600 mAl over an input voltage range 
of 4.65 V dc and 5.5 V dc. 

·Consult Analog Devices Power Supplies Catalog for additional information. 
·*Sing!c~ended or unbalanced operation is pennissible such that total output current load does not exceed a total of 120 mAo 
Specifications subject to change without notice. 
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Package Information 
Contents 

MIL·STD·1835 
ADILetter PMI Letter Package Applicable 
Designator Designator Description ConfJgUl"ation Page 

Side Brazed DIP (Ceramic) 

0·14 YB* 14-Lead CDIPZ-TI4 15-3 
0-16 QB* 16-Lead CDIPZ-TI6 15-4 
0-18 XB* IS-Lead CDIPZ-TlS 15-5 
D-ZO RB* ZO-Lead CDIPZ-TZO 15-6 
D-Z4 VB* Z4-Lead CDIPZ-TZ4 15-7 

Leadless Chip Carrier (Ceramic) 

E-ZOA RC ZO-Terminal CQCCI-NZO 15-S 
E-ZSA TC ZS-Terminal CQCCI-NZS 15-9 

FIatpack (Ceramic) 

F-ZA Z-Lead 15-10 

MetaICan 

H-03A 3-Lead (TO-5Z) 15-11 
H 6-Lead (TO-7S) 15-lZ 

H-08A J S-Lead (TO-99) MACYI-XS 15-13 
H-IOA K 10-Lead (TO-I00) MACYI-XIO 15-14 
H-IZA lZ-Lead (TO-S Style) 15-15 

J-Leaded Chip Carrier 

J-44 44-Lead CQCCZ-J44 15-16 

Plastic DIP 

N-S P S-Lead 15-17 
N-14 P 14-Lead IS-IS 
N-16 P 16-Lead 15-19 
N-ZO P ZO-Lead ~5-Z0 

Plastic Leaded Chip Carrier (PLCC) 

P-ZOA PC ZO-Lead 15-Z1 
P-Z8A PC ZS-Lead 15-ZZ 
P-44A 44-Lead 15-Z3 

Cerdip 

Q-8 Z S-Lead GDIPI-TS 15-Z4 
Q-14 Y 14-Lead GDIPI-Tl4 15-Z5 
Q-16 Q 16-Lead GDIPI-Tl6 15-Z6 
Q-lS X IS-Lead GDIPI-TlS 15-Z7 
Q-20 R ZO-Lead GDIPI-TZO 15-ZS 
Q-Z4 W 24-Lead GDIPI-TZ4 15-Z9 

Small Outline (SOIC) 

R-S S-Lead 15-30 • SO-S S-Lead 15-31 
SO-14 14-Lead 15-3Z 

R-I6A SO-16 16-Lead (Narrow Body) 15-33 
R-16 SOL-16 16-Lead (Wide Body) 15-34 

·SpeciaJ Order Only 
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MIL-STD-lS35 
ADI Letter PMI Letter Package Applicable 
Designator Designator Description Configuration Page 

Plastic Quad Flatpack 

S-52 52-Tenninal 15-35 

Plastic 

TO-92 3-Lead 15-36 

Single In-Line Package (SIP) 

Y-4 4-Lead 15-37 

Leaded Chip Carrier 

Z-16A 16-Lead 15-38 
Z-16B 16-Lead (Wide) 15-39 
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INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.200 5.08 
b 0.014 0.023 0.36 0.58 
b, 0.030 0.070 0.76 1.78 

c 0.008 0.015 0.20 0.38 
D 0.785 19.94 
E 0.220 0.310 5.59 7.87 
E, 0.290 0.320 7.37 8.13 

e 0.100 BSC 2.54 BSC 
L 0.125 0.200 3.18 5.08 

L, 0.150 3.81 

a 0.015 0.060 0.38 1.52 

S 0.098 2.49 

S, 0.005 0.13 

Package Outline Dimensions 
D-14 

14-Lead Side Brazed Ceramic DIP 
(YB SuffIX) 

NOTES 

6 

2.6 

6 
4 
4 

7 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58 mm) for all four corner leads only. 
3. Dimension a shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid. meniscus and 

glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (0.08 mm) 

measured at the center of the flat. when hot solder DIP 
lead finish is applied. 

7. Twelve spaces. 
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SYMBOL 

A 
b 
b, 

c 
D 

E 

E, 

e 

L 

L, 

Q 

S 

S, 

D-16 

16-Lead Side Brazed Ceramic DIP 
(QB SuffIX) 

~[~C::J~ ~rs 
~ D . 1 

A . 

...... -t-~ . - - -tr SEATING . Q f~ R L J l L, L- * b..jj.- ~. \.- b, \.-- E,--I 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 
0.014 0.023 0.36 0.58 
0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 
0.840 21.34 

0.220 0.310 5.59 7.87 
0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 

0.125 0.200 3.18 5.08 
0.150 3.81 

0.015 0.060 0.38 1.52 
0.080 2.03 

0.005 0.13 

NOTES 

6 
2, Ii 

6 
4 
4 

7 

3 
5 
5 

NOTES 
1. Index area; a notch or a lead one identification 

mark is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating 
plane to the base plane .. 

4. This dimension allows for off-center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" 
(0.08 mm) measured at the center of the flat. when 
hot solder dip lead finish is applied. 

7. Fourteen spaces. 
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SYMBOL 

A 
b 
b, 

c 
D 

E 

E, 

e 
L 

L, 

Q 

S 

S, 

D·18 
IS-Lead Side Brazed Ceramic DIP 

(XB Suffix) 

_~NG!~~ 
PLANE ~ J L -T TL L ' .L- , 

c-. _ 

INCHES 

MIN MAX 

0.200 
0.014 0.023 

0.030 0.070 

0.008 0.015 
0.960 

0.220 0.310 

0.290 0.320 

0.100 BSC 
0.125 0.200 

0.150 

0.015 0.060 

0.098 

0.005 

b~~ -.I .1- b, !--E,--! 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 
0.76 1.78 

0.20 0.38 

24.38 
5.59 7.87 
7.37 8.13 

2.54 BSC 
3.18 5.08 

3.81 

0.38 1.52 
2.49 

0.13 

NOTES 

6 
2,6 

6 
4 

4 

7 

3 
5 

5 

NOTES 
1. Index area; II notch or a lead one identification mark 

is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat, when hot solder dip 
lead finish is applied. 

7. Sixteen spaces. 
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INCHES 

SYMBOL MIN MAX 

A 0.200 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.060 

E 0.220 0.310 

E, 0.290 0.320 

e 0.100 esc 
L 0.125 0.200 

L, 0.150 

Q 0.015 0.060 

S 0.080 

S, 0.005 

D-20 

20-Lead Side Brazed Ceramic DIP 
(RB Suffix) 

20 

[] 
11 

10 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

26.92 

5.59 7.87 

7.37 8.13 

2.54 esc 
3.18 5.08 

3.81 

0.38 1.52 

2.03 

0.13 

NOTES 

6 

2.6 

6 

4 

4 

7 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat. when hot solder dip 
lead finish is applied. 

7. Eighteen spaces. 
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., t-- S, 

SEE 
NOTE 1 

" 

24 

INCHES 
SYMBOL MIN MAX 

A 0.225 
b 0.014 0.023 
b, 0.030 0.070 
c 0.008 0.015 
D 1.290 
E 0.500 0.610 
E, 0.590 0.620 
e 0.090 0.110 
L 0.120 0.200 
L, 0.150 
Q 0.015 0.075 
S 0.098 
S, 0.005 

0-24 
24-Lead Side Brazed Ceramic DIP 

MILLIMETERS 
MIN MAX 

5.72 
0.36 0.58 
0.76 1.78 
0.20 0.38 

32.77 
12.70 15.49 
14.99 15.75 
2.29 2.79 
3.05 5.08 
3.81 
0.38 1.91 

2.49 
0.13 

NOTES 

6 
2,6 
6 
4 
4 

7 

3 
5 
5 

13 

12 

.... r -- E --.1"1 

c ___ 

~I·--E, --.l~ 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(O.58mm) for all four corner leads only. 
3. Dimension Q shall be measured from the seating plane 

to the base plane. 
4. This dimension allows for off-center lid, meniscus 

and glass overrun. 
5. Applies to all four corners. 
6. All leads - increase maximum limit by 0.003" (O.08mm) 

measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twenty-two spaces. 
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INCHES 

SYMBOL MIN MAX 

A 0.064 0.100 
A, 0.054 0.088 

B, 0.022 0.028 

0 0.342 0.358 
0, 0.075 REF 

O2 0.200 REF 

03 0.100 REF 

04 0.358 

05 0.150 BSC 

E 0.342 0.358 
E, 0.075 REF 

E2 0.200 REF 

E3 0.100 REF 

E4 0.358 

e 0.050 BSC 

e, 0.015 

L, 0.045 0.055 

L2 0.075 0.095 

R 0.007 0.011 

E-20A 
20-Terminal Leadless Chip Carrier 

(RC Suffix) 

MILLIMETERS 

MIN MAX 

1.63 2.54 
1.37 2.24 

0.56 0.71 

8.69 9.09 
1.91 REF 

5.08 REF 

2.54 REF 

9.09 

3.81 BSC 

8.69 9.09 
1.91 REF 

5.08 REF 

2.54 REF 

9.09 

1.27 BSC 

0.38 

1.14 1.40 

1.90 2.41 

0.18 0.28 

SIDE VIEW 

NOTES 

5 

2 

3 

3 

1 

4 

NOTES 
1. A minimum clearance of 0.015" (0.381 mm) is main

tained between corner terminals. 
2. Electrical connection is required on Plane 1. Metalization 

Is optional on Plane 2. However, if Plane 2 Is metallzed, 
it must be electrically connected. 

3. A minimum clearance of 0.020" (0.508 mm) is main
tained between overall dimensions 04 x E4 and all 
other features including metalization, chamfers and 
edges. 

4. Nonelectrical feature for No. 1 terminal identification, 
optical orientation or handling purposes shall be within 
the shaded area shown on Plane 2. 

5. Dimension A controls the overall package thickness. 
6. Length of pad metalization may increase only toward 

package periphery. 
7. When space is available, the index corner may be metal

ized on either or both Planes 1 and 2. The package edge 
at the index corner shall not be metalized. 
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SYMBOL 

A 
A, 

B, 

0 
0, 

O2 

D. 

0 4 

Os 

E 
E, 

E2 

E3 

E4 

e 

e, 

L, 

~ 
R 

SEE I" 
NOTE 7 _t-R TYP 

rr 
B-28A 

28-Terminal Leadless Chip Carrier 
(TC Suffix) 

E E2 TOP VIEW 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.064 0.100 1.63 2.54 
0.054 0.088 1.37 2.24 

0.022 0.028 0.56 0.71 

0.442 0.458 11.23 11.63 
0.075 REF 1.91 REF 

0.300 REF 7.62 REF 

0.150 REF 3.81 REF 

0.458 11.63 

0.200 BSC 5.08 BSC 

0.442 0.458 11.23 11.63 
0.075 REF 1.91 REF 

0.300 REF 7.62 REF 

0.150 REF 3.81 REF 

0.458 11.63 

0.050 1.27 

0.015 0.38 

·0.045 0.055 1.14 1.40 

0.075 0.095 1.90 2.41 

0.007 0.011 0.18 0.28 

NOTES 

5 

2 

3 

3 

1 

4 

~""-"",,-,,,,-,,,u.",,-"",,-"""'II ~ 45" 
TYP 

SIDE VIEW 

NOTES 
1. A minimum clearance of 0.015" 10.381 mm) is main

tained between corner terminals. 
2. Electrical connection is required on Plane 1. Metalization 

is optional on Plane 2. However, if Plane 2 is metalized, 
it must be electrically connected. 

3. A minimum clearance of 0.020" 10.508 mm) is main
tained between overall dimensions 0 4 x E4 and all 
other features including metalization, chamfers and 
edges. 

4. Nonelectrical feature for No. 1 terminal identification, 
optical orientation or handling purposes shall be within 
the shaded area shown on Plane 2. 

5. Dimension A controls the overall package thickness. 
6. Length of pad metalization may increase only toward 

package periphery. 
7. When space is available, the index corner may be metal

ized on either or both Planes 1 and 2. The package edge 
at the index corner shall not be metalized. 

PACKAGE INFORMATION 15-9 

• 



b 

,$ 
e 

.lE3 

L 
c::=::::J j 

INCHES 

SYMBOL MIN MAX 

A 0.044 0.066 

b 0.015 0.019 

c 0.0045 0.0065 

0 0.250 

0, 0.220 

E 0.081 0.093 

e 0.045 0.055 

L, 0.750 

15-10 PACKAGE INFORMATION 

F-2A 

2-Lead Flatpack 

-~BI T ] E 

1 
.~ 1-- D, :1 L, D 

c 

+ 
t vzfu>zzzzzzzz»H 

MILLIMETERS 

MIN MAX 

1.12 1.67 

0.38 0.48 

0.12 0.17 

6.35 

5.59 

2.06 2.36 

1.14 1.40 

19.05 

NOTES 

2 

2 

1 

1 

NOTES 
1. This dimension allows for off-center lid, meniscus 

and solder overrun. 

2. All leads - increase maximum limit by 0.003" 
(0.08 mm) when hot solder dip finish is applied. 



A 

cf>D, 

lJ 

INCHES 
SYMBOL MIN MAX 

A 0.115 0.150 
cf>b 0.021 

cf>~ 0.016 0.019 
cf>D 0.209 0.230 
cf>D, 0.178 0.195 
e 0.100T.P. 
e, O.05OT.P. 
F 0.030 

i 0.036 0.046 
k 0.028 0.048 
L 0.500 
L, 0.050 
L2 0.250 
a 45°T.P. 

F-j 

MILUMETERS 
MIN MAX 

2.92 3.81 
0.53 

0.41 0.48 
5.31 5.84 
4.52 4.95 

2.54T.P. 
1.27T.P. 

0.76 
0.91 1.17 
0.71 1.22 

12.70 
1.27 

6.35 

H-03A 
3-Lead Metal Can (TO-52) 

cf>b 

NOTES 

1,4 
1,4 

2 
2 

3 
1 
1 

NOTES 
1. (Three Leadsl cf>b2 applies between L, and L2. cf>b applies 

between 4 and 0.5" (12.70mml from seating plane. 
Diameter is uncontrolled in L, and beyond 0.5" 
(12.70mml from seating plane. 

2. Leads having maximum diameter 0.019" (O.48mml 
measured in gauging plane 0.054" 11.4mml + 0.001" 
(0.03mml - 0.000" (O.OOmml below the seating plane 
of the device are within 0.007" (0.18mml of their true 
positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the actual 
device. 

4. All leads - increase maximum limit by 0.003" (O.08mml 
when hot solder dip finish is applied. 
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SYMBOL 
A 

c!>b 
c!>b, 

c!>D 

c!>D, 

c!>D2 

e 

e, 

F 

k 

k, 

L 

L, 

Lz 
Q .. 

6-Lead TO-'S Metal Can 
(H Suffix) 

_ r;E:ERENCE PLANE r A~~lrGPLANE 
.If ~I 

lIL 
INCHES 

MIN MAX 
0.165 0.185 
0.016 0.019 
0.016 0.021 

0.335 0.370 

0.305 0.335 

0.110 0.160 

0.200 BSC 

0.100 BSC 

0.040 
0.027 0.034 

0.027 0.045 

0.500 0.750 

0.050 

0.250 

0.010 0.045 
45° BSC 

F--II-
--IL, 

MILLIMETERS 

MIN MAX NOTES 
4.19 4.70 
0.41 0.48 1 
0.41 0.53 1 

8.51 9.40 

7.75 8.51 

2.79 4.06 

5.08 BSC 3 

2.54 BSC 3 

1.02 

0.69 0.86 

0.69 1.14 2 

12.70 19.05 1 

1.27 1 

6.35 1 

0.25 1.14 
45° BSC 3 

NOTES 
1. (All leads) c!>b applies between L, and L2. c!>b, applies 

between Lz and 0.500" (12.70 mm) from the reference 
plane. Diameter is uncontrolled in L, and beyond 
0.500" (12.70 mm) from the reference plane. 

2. Measured from the maximum diameter of the product. 
3. Leads having a maximum diameter 0.019" (0.48 mm) 

measured in gaging plane 0.054" (1.37 mm) + 0.001" 
(0.03 mm) - 0.000" (0.00 mm) below the base plane of 
the product is within O.OOT (0.18 mm) of their true posi
tion relative to a maximum width tab. 
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SYMBOL 

A 
+b 
+b, 
+D 
+D, 

+~ 
e 
e, 
F 
k 
k, 
L 
L, 

4 
Q 

a 

H-08A 
8-Lead Metal Can (TO-99) 

(J SUffIX) 

"-iff~E 
In' - ~:i 

+D II I 

llL~ '1:\ ¢=:=J" \ 

F~ +b +b, 

Q 1:= SEATING PLANE 

INCHES MIWMETERS 
MIN MAX MIN MAX NOTES 

0.185 0.185 4.19 4,70 
0,016 0.019 0.41 0.48 1.4 
0.016 0.021 0.41 0.53 1.4 
0.335 0.370 8.51 9.40 
0.305 0.335 7.75 8.51 
0.110 0.160 2.79 4.06 

O.200BSC 5.08BSC 3 
0.100BSC 2.MBSC 3 

0.040 1.02 
0.027 0.034 0.69 0.86 
0.027 0.045 0.69 1.14 
0.500 0.750 12.70 19.05 

0.050 1.27 
0.250 6.35 
0.010 0.045 0.25 1.14 

"i°SSC 46°SSC 3 

NOTES 
1. (Allleadsl +b applies betw .. n L, and 4. +b, applies 

between L2 and 0.500" 112.70mml from the reference 
plane. Diameter is uncontrolled in L, and beyond 0.500" 
(12.70mml from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (O.48mml 
measued in gauging plane 0.054" (1.37mml + 0.001" 
10.03mml - 0.000" (O.OOmml below the base plane of 
the product are within 0.007" 10.18mml of their true 
position relative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" (0.08mml 
when hot solder dip finish is applied. 
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SYMBOL 

A 

+b 
+b, 
+D 
+D, 
+Dz 
e 
e, 
F 
k 
k, 
L 
L, 
La 
Q 

a 

H-IOA 
IO-Lead Metal Can (TO-IOO) 

(K Suffix) 

r·tli 
1 r I! +llLD

... ~ 1J : 11,\ I '\ 

F-ifi +b +b, 

Q r SEATING PLANE 

INCHES MlLUMETERS 
MIN MAX MIN MAX NOTES 

0.116 0.185 4.19 4.70 
0.018 0.019 0.41 0.48 1.4 
0.018 0.021 0.41 0.53 1.4 
0.335 0.370 8.51 9.40 
0.305 0.335 7.75 8.51 
0.110 0.160 2.79 4.08 

O.230BSC 5.84BSC 3 
0.115BSC 2.92BSC 3 

0.040 1.02 
0.027 0.034 0.89 0.88 
0.027 0.045 0.89 1.14 2 
0.500 0.750 12.70 19.05 1 

0.060 1.27 1 
0.2&0 6.3& 1 
0.010 0.045 0.25 1.14 

38"BSC 38"BSC 3 

NOTES 
1. (Three Leadsl+bz applies betw .. n L, and La- +b applies 

between La and 0.5" (12.70mml from seating plane. 
Diameter is uncontrolled in L, and beyond 0.&" 
(12.70mml from seating plane. 

2. Leads having maximum diameter 0.019" (O.48mml 
measurad In gauging plane 0.054" (1.4mml + 0.001" 
(O.03mml - 0.000" (O.OOmml below the seating plane 
of the device are within O.OOT (0.18mml of their true 
positions relative to a maximum_ldth tab. 

3. Measurad from maximum diameter of the actual 
device. 

4. All leads - increase maximum limit by 0.003" (O.08mml 
whan hot solder dip finish is applied. 
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INCHES 

SYMBOL MIN MAX 

A 0.148 0.181 

cJ>b 0.016 0.019 

cJ>b, 0.016 0.021 

cJ>D 0.592 0.615 

cJ>D, 0.545 0.555 

e 0.400 BSC 

e, 0.200 BSC 

e2 0.100 BSC 

F 0.040 

k 0.026 0.036 

k, 0.026 0.037 

L 0.375 

L, 0.050 

Q 0.000 0.045 

H-12A 
12-Lead Metal Can (TO-S Style) 

MILLIMETERS 

MIN MAX 

3.76 4.60 

0.41 0.48 

0.41 0.53 

15.04 15.62 
13.84 14.10 

10.16 BSC 

5.08 BSC 

2.54 BSC 

1.02 

0.66 0.91 

0.66 0.94 

9.53 

1.27 

0.000 1.14 

NOTES 

1 

1 

3 

3 

3 

2 

1 

1 

NOTES 
1. (Alileadsl cJ>b applies between Land L,. cJ>b, applies 

between L, and 0.375" (9.50 mml from the reference 
plane. Diameter is uncontrolled in L, and beyond 
0.375" (9.50 mml from the reference plane. 

2. Measured from the maximum diameter of the product. 

3. Leads having a maximum diameter 0.019" (0.48 mml 
measured in gaging plane 0.054" (1.37 mml + 0.001" 
(0.03 mml - 0.000" (0.00 mml below the base plane of 
the product is within 0.007" (0.18 mml of their true 
position relative to a maximum width tab. 
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INCHE~ 

SYMBOL MIN MAX 
A 0.100 0.135 
A1 0.054 0.078 
A2 0.025 

B 0.013 0.023 
B1 0.020 0.032 
C 0.006 0.013 

DIE 0.680 0.700 

DlIE1 0.628 0.662 
D2/E2 0.250 BSC 
D3/E3 0.500 BSC 
D4/E4 0.610 0.650 
e 0.050 BSC 
e1/e2 0.012 
L 0.030 
L1 0.005 
L2 0.025 
Q 0.003 
R 0.015 
R1 0.025 0.040 
h 0.040 REF 
j 0.020 REF 

15-16 PACKAGE INFORMATION 

J-44 
44-Lead J-Leaded Chip Carrier 

MILLIMETERS 
MIN MAX 
2.54 3.43 
1.37 1.98 
0.64 

0.33 0.58 
0.51 0.81 
0.15 0.33 

17.27 17.78 

15.95 16.82 
6.35 BSC 

12.70 BSC 
15.49 16.51 

1.27 BSC 
0.30 
0.76 
0.12 
0.76 
0.08 
0.38 
0.76 1.02 

1.02 REF 
0.52 REF 

NOTES 
2 

3 
3 
3 

f--D/E~ 
90°-5° 
+100 R 

i L2 (OUTSIDE) 

~Ll 

1 
L 

NOTES 
1. Pin 1 indicator is on the bottom of the peckage. 
2. Dimension A controls the overall package thickness. 
3. All leads-increase maximum limit by 0.003" 

(0.08 mm) measured at the canter of the flat. when 
hot solder dip lead finish is applied. 



INCHES 

SYMBOL MIN MAx 

A 0.210 

A2 0.115 0.195 

b 0.014 0.022 
b, 0.045 0.070 

c 0.008 0.015 

D 0.348 6.430 

E 0.300 0.325 

E, 0.240 0.280 

e 0.100 BSC 

L 0.115 0.160 

L, 0.130 

a 0.015 0.060 

b e 

MILLIMETERS 

MIN MAX 

5.33 

2.93 4.95 

0.356 0.558 
1.15 1.77 

0.204 0.381 

8.84 10.92 
7.62 8.25 

6.10 7.11 

2.54 BSC 

2.93 4.06 

3.30 

0.38 1.52 

N-S 
8-Lead Plastic DIP 

(P Suffix) 

b, 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.210 5.33 

A2 0.115 0.195 2.93 4.95 

b 0.014 0.022 0.356 0.558 

b, 0.045 0.070 1.15 1.77 

c 0.008 0.015 0.204 0.381 
0 0.725 0.795 18.42 20.19 
E 0.300 0.325 7.62 8.25 

E, 0.240 0.280 6.10 7.11 

e 0.100 BSC 2.54 BSC 
L 0.115 0.160 2.93 4.06 

L, 0.130 3.30 

Q 0.015 0.060 0.38 1.52 

15-18 PACKAGE INFORMATION 

N-14 

14-Lead Plastic DIP 
(P SuffIX) 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 



INCHES 

SYMBOL MIN MAX 

A 0.210 

Az 0.115 0.195 

b 0.014 0.022 
b, 0.045 0.070 

c 0.008 0.015 
D 0.745 0.840 
E 0.300 0.325 

E, 0.240 0.280 

e 0.100 BSC 
L 0.115 0.160 

L, 0.130 

Q 0.015 0.060 

MILLIMETERS 

MIN MAX 

5.33 
2.93 4.95 

0.356 0.558 
1.15 1.77 

0.204 0.381 
18.93 21.33 
7.62 11.25 

6.10 7.11 

2.54 BSC 
2.93 4.06 

3.30 

0.38 1.52 

N-16 

16-Lead Plastic DIP 
(P Suffix) 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N·20 
20·Lead Plastic DIP 

(P Suffix) 

oo~~::::::::: II 
~ 0 _I ~E~ 
T~Q R-d.....i.. s~~:~ -+- _ _ _ _ _ _ _ _ _ ! f . ~ 

L ~~ L, c 

SYMBOL 

A 

A2 
b 
b, 

c 
0 

E 

E, 

e 

L 

L, 

Q 

...L- + 

INCHES 

MIN 'MAX 

0.210 

0.115 0.195 

0.014 0.022 

0.045 0.070 

0.008 0.015 

0.925 1.060 

0.300 0.325 

0.240 0.280 

0.100 BSC 

0.115 0.160 

0.130 

0.015 0.060 

..j I-- b -I 8 j.. b, 

MILLIMETERS 

MIN MAX 

5.33 

2.93 4.95 

0.356 0.558 

1.15 1.77 

0.204 0.381 

23.50 26.90 

7.62 8.25 

6.10 7.11 

2.54 BSC 

2.93 4.06 

3.30 

0.38 1.52 

NOTES 

2 

2 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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P-20A 

20·Lead Plastic Leaded Chip Carrier (PLCC) 
(PC Suffix) 

PI~l 19~ 
IDENTIFIER 188 I I 

TOP U B 

I~EW "ill 
~:~ 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.385 0.395 9.78 10.02 

B 0.385 0.395 9.78 10.02 

C 0.165 0.180 4.19 4.57 

D 0.025 0.040 0.64 1.01 

E 0.085 0.110 2.16 2.79 

F 0.013 0.021 0.33 0.53 

G 0.050 BSC 1.27 BSC 

H 0.026 0.032 0.66 0.81 

J 0.015 0.025 0.38 0.63 

K 0.290 0.330 7.37 8.38 

R 0.350 0.356 8.89 9.04 

U 0.350 0.356 8.89 9.04 

V 0.042 0.048 1.07 1.21 

W 0.042 0.048 1.07 1.21 

X 0.042 0.056 1.07 1.42 

Y 0.020 0.50 
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PIN 1 
IDENTIFIER 

TOP 
VIEW 

15-22 PACKAGE INFORMATION 

P-28A 
28-Lead Plastic Leaded Chip Carrier (PLCC) 

(PC SuffIX) . 

VR 

INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 

A 0.485 0.495 12.32 12.57 
B 0.485 0.495 12.32 12.57 
C 0.165 0.180 4.19 4.57 
D 0.025 0.040 0.64 1.01 
E 0.085 0.110 2.16 2.79 
F 0.013 0.021 0.33 0.53 
G 0.050BSC 1.27BSC 
H 0.026 0.032 0.66 0.81 
J 0.015 0.025 0.38 0.63 
K 0.390 0.430 9.91 10.92 
R 0.450 0.456 11.43 11.58 

U 0.450 0.456 11.43 11.58 
V 0.042 0.048 1.07 1.21 

W 0.042 0.048 1.07 1.21 

X 0.042 0.056 1.07 1.42 

Y 0.020 0.50 

o 
PIN 1 

IDENTIFIER 

BOTTOM 
VIEW 



P-44A 

44-Lead Plastic Leaded Chip Carrier (PLCC) 
(PC Suffix) 

17 

PIN 1 
IDENTIFIER 

TOP 
VIEW 

40 

~8 ~8 
~ R ~r 

A 

SYMBOL 

A 
B 
C 

D 

E 
F 
G 

H 

J 

K 

R 
U 
V 

W 

X 

Y 

INCHES 

MIN MAX 

0.685 0.695 
0.685 0.695 
0.165 0.180 
0.025 0.040 
0.085 0.110 

0.013 0.021 
0.050 BSC 

0.026 0.032 

0.015 0.025 

0.59 0.63 
0.650 0.656 
0.650 0.656 
0.042 0.048 

0.042 0.048 

0.042 0.056 

0.020 

YR 

MILLIMETERS 

MIN MAX 

17.40 17.65 
17.40 17.65 
4.19 4.57 
0.64 1.01 
2.16 2.79 

0.33 0.53 
1.27 BSC 

0.66 0.81 

0.38 0.63 

14.99 16.00 
16.51 16.66 
16.51 16.66 

1.07 1.21 

1.07 1.21 

1.07 1.42 

0.50 

&I 
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INCHES 

SYMBOL MIN MAX 

A 0.200 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 0.405 

E 0.220 0.310 

E, 0.290 0.320 

e 0.100 BSC 

L 0.125 0.200 

L, 0.150 

Q 0.015 0.060 

S 0.055 

S, 0.005 

'" 0° 15° 

Q-8 
8-Lead Cerdip 

(Z Suffix) 

I-S, -+I r- s 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

10.29 

5.59 7.87 

7.37 8.13 

2.54 BSC 

3.18 5.08 

3.81 

0.38 1.52 

1.4 

0.13 

0° 15° 

NOTES 

7 
2,7 

7 

4 

4 

6 

8 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 
6. Leads center when", is 0°. E, shall be measured at the 

centerline of the leads. 
7. All leads - increase maximum limit by 0.003" (0.08 mm) 

measured at the center of the flat, when hot solder dip 
lead finish is applied. 

8. Six spaces. 
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SYMBOL 

A 

b 
b, 

c 
D 
E 

E, 

e 
L 

L, 

Q 

S 

S, 

(l 

Q-14 

14-Lead Cerdip 
(Y Suffix) 

., ~ s, --t r- S 

N~i: : : : : : :l 
~ 0 ~ 

L JL L, E, 

~~ ~e ~ b, ~a 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

0.785 19.94 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 

0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.060 0.38 1.52 

0.098 2.49 

0.005 0.13 

0° 15° 0° 15° 

NOTES 

7 

2. 7 

7 

4 

4 

6 

8 

3 

5 

5 

NOTES 

SEE 
NOTE 7 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when (l is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat when hot solder dip 
lead finish is applied. 

8. Twelve spaces. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

E, 

e 

L 

L, 

Q 

S 

S, .. 

Q-16 

16-Lead Cerdip 
(Q Suffix) 

., ~S, --I r s 

~~: : : : : : : :l 
I. 0 -I 

t Q I 

SEA~~)-rfrnfllV~ t~-1 ~~ -.I • ~ J L b'~--f. E, ,-\I-
SEE 
NOTE 7 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

0.840 21.34 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 

0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.060 0.38 1.52 

0.080 2.03 

0.005 0.13 

0° 15° 0° 15° 

NOTES 

7 

2, 7 

7 

4 

4 

6 

8 

3 

5 

5 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when 0< is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat, when hot solder dip 
lead finish is applied. 

8. Fourteen spaces. 
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SYMBOL 

A 

b 
b, 

c 
D 

E 

E, 

e 
L 

L, 

Q 

S 

5, .. 

Q-18 

18-Lead Cerdip 
(X SuffIX) 

., j.-S, --I r- s 

Mrr~~: : : : : : : :1 
~ D ~ 

t b--ll-- --I • I-- b, +~. ..:' 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 
0.014 0.023 0.36 0.58 
0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 
0.960 24.38 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 

0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.060 0.38 1.52 
0.098 2.49 

0.005 0.13 

0° 15° 0° 15° 

NOTES 

7 
2. 7 

7 
4 

4 

6 

8 

3 
5 

5 

NOTE 7 

NOTES 
1. Index area; a notch or a lead one identification mark 

is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mml for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when .. is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mml 
measured at the center of the flat. when hot solder dip 
lead finish is applied. 

8. Sixteen spaces. 
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SYMBOL 

A 

b 

b, 

c 
D 
E 

E, 

e 
L 

L, 

Q 

S 

S, .. 

Q-20 

20-Lead Cerdip 
(R Suffix) 

11+S, -.j r- S 

~4: : : : : : : : : :l 
I. D -I 

r- Q Iu---~ 

s~ ~ · ~ J L~ ~. ~.--to-
INCHES MILUMETERS 

MIN MAX MIN MAX 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

1.060 26.92 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 BSC 2.54 BSC 
0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.060 0.38 1.52 
0.098 2.49 

0.005 0.13 

0° 15° 0° 15° 

NOTES 

7 
2,7 

7 
4 

4 
6 

8 

3 
5 

5 

NOTES 

SEE 
NOTE 7 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mml for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when .. is 0°. E, shall be nieasured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08 mml 
measured at the center of the flat, when hot solder dip 
lead finish is applied. 

8. Eighteen spaces. 
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INCHES 

SYMBOL MIN MAX 

A 0.200 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.280 

E 0.220 0.310 

E, 0.290 0.320 

e 0.100 BSC 

L 0.125 0.200 

L, 0.150 

Q 0.015 0.060 

S 0.098 

S, 0.005 .. 0° 15° 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 
0.76 1.78 

0.20 0.38 

32.51 

5.59 7.87 

7.37 8.13 

2.54 BSC 

3.18 5.08 

3.81 

0.38 1.52 

2.49 

0.13 

0° 15° 

Q-24 

24-Lead Cerdip 
(W Suffix) 

NOTE 7 

NOTES NOTES 

7 

2. 7 

7 

4 

4 

6 

8 

3 
5 

5 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58 mml for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid. meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when 0< is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08 mml 
measured at the center of the flat when hot solder dip 
lead finish is applied. 

8. Twenty-two spaces. 
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INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.094 0.102 2.39 2.59 
b 0.0138 0.0192 0.35 0.49 
c 0.0075 0.009S 0.19 0.25 
0 0.1890 0.1968 4.80 5.00 
E 0.1497 0.1574 3.S0 4.00 
H 0.2284 0.2440 5.80 6.20 
e 0.0500 BSC 1.27 BSC 
h 0.0099 0.0196 0.25 0.50 
L 0.0160 0.0500 0.41 1.27 

a 0.0040 0.0098 0.10 0.25 
a 0" 8° 0" So 

15-30 PACKAGE INFORMATION 

R-8 

8-Lead Narrow-Body (SO) 

NOTES 

2 

NOTES 
1. Index area; a dimple or lead one identification mark is 

located adjacent to lead one and is within the shaded 
area shown. 

2. The R-S and SOwS packages differ only in this dimension. 



INCHES 
SYMBOL MIN MAX 

A 0.0532 0.0688 

b 0.0138 0.0192 

c 0.0075 0.0098 

D 0.1890 0.1968 

E 0.1497 0.1574 

H 0.2284 0.2440 

e 0.0500 BSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

(It 0° 8° 

MILLIMETERS 
MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

4.80 5.00 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

0° 8° 

SO-8 
8-Lead Narrow-Body SO 

(S·Suffix) 

NOTES 

3 

NOTES 
1. Package dimensions conform to JEDEC specification 

MS·012·AA (Issue A. June 1985). 
2. Index area; a dimple or lead one identification mark is 

located adjacent to lead one and is within the shaded 
area shown. 

3. The SO·8 and R·8 packages differ only in this dimension. 
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SYMBOL 

A 

b 

c 

0 

E 

H 

e 

h 

L 

Q 

'" 

SEE 
NOTE 2 

INCHES 

MIN MAX 

0.0532 0.0688 

0.0138 0.0192 

0.0075 0.0098 

0.3367 0.3444 

0.1497 0.1574 

0.2284 0.2440 

0.0500 BSC 

0.0099 0.0196 

0.0160 0.0500 

0.0040 0.0098 

00 80 

15-32 PACKAGE INFORMA TlON 

MILLIMETERS 

MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

8.55 8.75 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

00 80 

SO-14 

14-Lead Narrow-Body SO 
(S-Suffix) 

NOTES 

h x 45" 
-j~ 

c*J~~ 

NOTES 

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS-012-AB (Issue A. June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 



INCHES 

SYMBOL MIN MAX 

A 0.0532 0.0688 

b 0.0138 0.0192 

c 0.0075 0.0099 

D 0.3859 0.3937 

E 0.1497 0.1574 

H 0.2284 0.2440 

e 0.0500 BSC 

h 0.0099 0.0196 

L 0.0160 0.0500 

Q 0.0040 0.0098 

u 0" 8· 

MILLIMETERS 

MIN MAX 

1.35 1.75 

0.35 0.49 

0.19 0.25 

9.80 10.00 

3.80 4.00 

5.80 6.20 

1.27 BSC 

0.25 0.50 

0.41 1.27 

0.10 0.25 

O· 8" 

R-I6A 
50-16 

16-Lead Narrow Body SO 
(S SuffIX) 

NOTES 

hx45° 
-jJ-

iJ~ c f J-

NOTES 

SEE DETAIL 
ABOVE 

1. Package dimensions conform to JEDEC specification 
MS-012-AC (Issue A. June 19851. 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 

• 
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INCHES 
SYMBOL MIN MAX 

A 0.0926 0.1043 

b 0.0138 0.0192 

c 0.0091 0.0125 

0 0.3977 0.4133 

E 0.2914 0.2992 

H 0.3937 0.4193 

e 0.0500 BSC 

h 0.0098 0.0291 

L 0.0157 0.0500 

Q 0.0040 0.0118 

01 0" 8° 
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MILLIMETERS 

MIN MAX 

2.35 2.65 

0.35 0.49 

0.23 0.32 

10.10 10.50 

7.40 7.60 

10.00 10.65 

1.27 BSC 

0.25 0.74 

0.40 1.27 

0.10 0.30 

0" 8" 

R-16 
SOL-16 

16-Lead Wide Body SO 
(S SuffIX) 

hx45° 

1~r----~ 

iJC h c. ~~~ 
SEATING SEE DETAIL 
PLANE ABOVE 

NOTES NOTES 

1. Package dimensions conform to JEDEC specification 
MS-013-AA (Issue A. June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 



S-52 
52-Lead Plastic Quad Flatpack 

13 

14 

A B 

26 
27 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.537 0.557 13.65 14.15 

B 0.390 0.398 9.9 10.10 

C 0.078 0.082 1.97 2.09 

0 0.010 0.014 0.25 0.35 

F 0.026 0.037 0.65 0.95 

G 0.0256 BSC 0.65 BSC 

J 0.006 0.008 0.15 0.20 

K 0.006 0.012 0.15 0.30 

PIN1? 52 

40 
39 

..t.D 
T 

.J.. 
G 

T 
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SYMBOL 

A 
c 
<l>D 
e 
e, 
E 
J 
L 
L, 
S 
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TO-92 
3-Lead Plastic 

INCHES 
MIN MAX 

0.170 0.210 
0.016 0.019 
0.175 0.205 
0.095 0.105 
0.045 0.055 
0.125 0.165 
0.175 0.205 
0.500 

0.050 
0.080 0.105 

MILLIMETERS 

MIN MAX 

4.58 5.33 
0.407 0.482 
4.96 5.20 
2.42 2.66 
1.15 1.39 
3.94 4.19 
4.96 5.20 

12.70 
1.27 

2.42 2.66 



Y-4 
4-Lead Single In-Line Package (SIP) 

SEE 
DETAIL --. 

"A" 

t 

0 

" ~\ 
~~ ,..) 

-

0 
b.j f.-

I 
/ ..... + .... , 

I + \ I J 
\ I , / 
'+~ 

- --

0 
-eo e, 

SECT."A"-"A" 

)4-

"A 

I- j 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.066 0.070 1.68 1.78 

A, 0.035 BSC 0.89 BSC 

b 0.013 0.019 0.33 0.48 

b, 0.003 0.076 

c 0.013 0.017 0.33 0.43 

D 0.125 0.135 3.17 3.43 

d 0.015 0.021 0.38 0.533 

E 0.196 0.204 4.98 5.18 

e 0.05 BSC 1.27 BSC 

e, 0.025 BSC 0.64 BSC 
L 0.500 0.530 12.70 13.46 

L, 0.020 REF 0.51 REF 

l:z 0.040 1.02 

c 

DETAIL 

NOTES NOTES 
1. Includes package mismatch. 

1 
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Z-16A 

16-Lead Leaded Chip Carrier (Gull Wing) 

~ 
(X 

F 

t 

16 'l~ 
II E L 

1 • j~ 
~1J U U l ~ 

LEAD 1 /1 ~ 0 0 0 .~ INDEX ~D Cjf~ 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.103 0.133 2.62 3.38 

b 0.013 0.017 0.33 0.43 

b, 0.040 0.060 1.02 1.52 

C 0.080 0.100 2.03 2.54 

D 0.442 0.458 11.23 11.63 

E 0.442 0.458 11.23 11.63 
e 0.045 0.055 1.14 1.40 

J 0.007 0.010 0.18 0.25 

K 0.023 0.033 0.58 0.84 

L 0.675 0.685 17.15 17.40 

a -5° +5° -5° +5° 
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Z-16B 

16-Lead Leaded Chip Carrier (Gull Wing-Wide) 

ex 

F 

t 
16 9 

L 

8 

I ~ U U U 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.113 0.143 2.87 3.63 

b 0.013 0.017 0.33 0.43 

b, 0.090 0.110 2.29 2.79 

C 0.090 0.110 2.29 2.79 

0 0.542 0.558 13.77 14.17 

E 0.542 0.558 13.77 14.17 

e 0.045 0.055 1.14 1.40 

J 0.007 0.010 0.18 0.25 III 
K 0.023 0.033 0.58 0.84 

L 0.775 0.785 19.69 19.94 

.. _5° +5° _5° +5° 
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Ordering Guide 
INTRODUCTION 
This Ordering Guide should make it easy to order Analog Devices products, whether you're buying one IC op amp, a multi-option 
subsystem, or 1000 each of 15 different items. It will help you: 

1. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood, Mass. 
U.S.A. (617-329-4700). 

MODEL NUMBERING 
In this reference manual many of the data sheets for products having a number of standard options contain an Ordering Guide. Use it 
to specify the correct part number for the exact combination of options you want. Two model numbering schemes are used by Analog 
Devices. The first model numbering scheme is used for designating standard Analog Devices monolithic and hybrid products. The 
second scheme is used by our Precision Monolithics Division (formerly PMI) as designators for its product line. 

Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It consists of 
an "AD" (Analog Devices) prefix, a 3-to-5-digit number,· an alphabetic performanceltemperature-range designator and a package 
designator. One or two additional letters may immediately follow the digits ("A" for second-generation redesigned ICs, "DIn for 
dielectrically isolated CMOS switches, e.g., AD536A]H, AD7512DIKD). 

Figure 2 shows a different numbering scheme used by our Precision Monolithics Division. This numbering scheme starts with a 
prefix which designates the device type and model number. It is then followed by a suffix consisting of rJphabetic designators (as 
applicable) to indicate additional functional designations or options and packaging options. 

ANALOG 
DEVICES 
PREFIX 

[NANN] 
lQ~ A 

THREE-TO-FIVE L
DIGIT NUMBERS I 
1 OR 2 LETTERS PROVIDE 
ADDITIONAL GENERAL INFORMAnoN 
A: SECOND GENERAnON 
DI: DlELECTRICALLY ISOLATED 
Z: OPERAnON ON ±12Y SUPPLIES 

PERFORMANCE· TEMPERATURE 
RANGE DESIGNATOR' 

{

II INCREASING 
J , PARAMETRIC 

O'C TO +7O"C ~M PERFORMANCE 

BEST OVERALL 
PERFORMANCE 

-as'COR-4O'C 
TO+85OC {: 

1 INCREASING 
, PERFORMANCE 

BEST OVERALL 
PERFORMANCE 

1 INCREASING 
, PERFORMANCE 

BEST OVERALL 
PERFORMANCE 

PACKAGE OPTIONs: 

D HERMEnc DIP. CERAMIC OR METAL 
E CERAMIC LEADLESS CHIP CARRIER 
F CERAMIC FLATPACK 
G CERAMIC PIN GRID ARRAY 
H HERMETIC METAL CAN 
J J-LEADED CERAMIC 
M HERMEnC METAL CAN DIP 
N PLASTIC OR EPOXY SEALED DIP 
P PLASTIC LEADED CHIP CARRIER 
Q CERDIP 
R SMALLOUTL~'~'PACKAGE 
S PLASTIC QUAD FLATPACK 
T TQ.82 STYLE PACKAGE 
W NONHERMEnC CERAMICIGLASS DIP 
Y SlNGLE~N-UNE "SIP" PACKAGE 
Z CERAMIC LEADED CHIP CARRIER 

EXAMPLES: 

ADS21KCHIPS 
AD7524AD 
AD538ASH/8838 
AD7512D1KD 

'MONOLITHIC CMOS CHIPS IN THE AD75XX SERIES 
WERE FORMERLY DESIGNATED AD75XXICOI&'CHIP 
AND AD75XXlMlLlCHIPS AND MAY APPEaR ON PRICE 
LISTS WITH THOSE DESiGNAnoNS. CONSULT ANALOG 
DEVICES FOR CURRENT PRICING OF AD75XX CliPS. 

Figure 1. Model-Number Designations for Standard Analog Devices Monolithic and Hybrid Ie Products. S, T and U 
Grades Have the Added Suffix, 1883B for Devices that Qualify to the Latest Revision of MIL-STD-883, Level B. 

"For some models, the combination [digitUletter] [two or three digits] is used instead of ADXXXX, e.g., 2S8O. 
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DAX BIE 

DEVICE TYPE AND MODEL NUMBER 

DEVICE TYPE: 

ADC ANALOG-T()'DIGITAL CONVERTER 
AMP INSTRUMENTATION AMPLIFIER 
BUF BUFFER (VOLTAGE FOLLOWER) 
CMP COMPARATOR 
DAC DIGITAL-TD-ANALOG CONVERTER 
JAN MIL-M-38S10 SLASH SHEET 
UU HIGH SPEED SERIAL DATA RECEIVER 
MAT MATCHED TRANSISTOR 
MUX MULTIPLEXER 
OP PROPRIETARY OPERATIONAL AMPLIFIER 
PKD PEAK DETECTOR 
PM SECOND-SOURCE, INDUSTRY SPECIFICATIONS 
REF VOLTAGE REFERENCE 
RPT PCM LINE REPEATER 
SMP SAMPLE-AND-HOLD AMPLIFIER 
SW ANALOG SWITCH 
SSM SOUD STATE MUSIC PRODUCT 
TMP TEMPERATURE SENSOR 

BURN-IN OPTION 

PMI OFFERS MOST OOI7O"C, -25uf+86"C AND -4Cr1..e5°C 

='~~::--~=B~:'=Ar':.~ -
UODEL NUIIBER AND THE ELECTRICAL GRADE. FOR 
EXAMPLE. TO ORDER DAC-OIIEQ WITH BUfltf.lN, THE 
PART NUMBER IS DAC-OBBtEQ. 

I ELECTRICAL GRADE 

SELECT ELECTfUCAL GRADE 
FROM DATA SHEET. 

MIL-8TJH83, CLASS B, REVISION C OPTION 

PII -55"C TO .125"C DEVICES ARE AVAILABLE 
WITH MlL..sTD-883, CLASS B SCREEMNG AS 
STANDARD PRODUCTS. TO ORDER AN 883 PART, 
SlllPLY ADD THE DEStGHATlONI883 10TH! PART 
NUMBER. FOR EXAMPLE, THE 1JAC.08AQ, SCREENED 
TO THE 883 REQUIREMENTS WOULD BE ORDERED 
AS A DAc-o&AQI8IIa. CONTACT FACTORY FOR 883 
DEVICE SPEQFtCAnoNS. 

PACKAGE SUFFIX 

PACKAGE TYPE: 

H &-LEAD T().78 CAN 
J Jl.LEAD T0-99 CAN 
K 1o-LEAD TD-1oo CAN 
o NOT USED 
P EPOXY DIP 
PC PLASTIC LEADED CHIP CARRIER 
Q 1Jl.LEAD CERAMIC DIP 
R 2O-LEAD CERAMIC DIP 
RC 2O-POSJTION LCC' 
S SMALL OUTLINE PACKAGE 
T 2Jl.LEAO CERAMIC DIP 
TC 28-POSmoN Lee'" 
U NOTUSED 
V 24-LEAD CERAMIC DIP 
X 1Jl.LEAD CERAMIC DIP 
Y 14-LEAD CERAMIC DIP 
Z Jl.LEAD CERAMIC DIP 
"'AVAILABLE WITH MlL-S'TD-883 PROCESSING 
OH\.Y. 

Figure 2. Precision Monolithics Division's Product Designations 

ORDERING FROM ANALOG DEVICES 
When placing an order, please provide specific information regarding model type, number, option designations, quantity, ship-to and 
bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges_ All shipments are P.O.B. 
factory. Please specify if air shipment is required. 

Place your orders with our local sales office or representative, or directly with our customer service group located in the Norwood 
facility. Orders and requests for quotations may be telephoned, sent via fax or telex, or mailed. Orders will be acknowledged when 
received; billing and delivery information is included. 

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. Analog Devices' min
imum order value is two hundred fifty dollars ($250.00). 

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the goods if you 
are ordering for delivery to a destination in Massachusetts). 

You may also order Analog Devices parts through distributors. Por information on distributors, please see pages 16-12 and 16-13 at 
the back of this volume_ 

WARRANTY AND REPAIR CHARGE POLICIES 
All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and service for one 
year from the date of their shipment by Analog Devices, Inc., except that components obtained from others are warranted only to the 
extent of the original manufacturers' warranties, if any, except for component test systems, which have a 180-day warranty, and 
",MAC and MACSYM systems, which have a 90-day warranty. This warranty does not extend to any products which have been sub- • 
jected to misuse, neglect, accident, or in1proper installation or application, or which have been repaired or altered by others. Analog I 

Devices' sole liability and the Purchaser's sole remedy under this warranty is limited to repairing or replacing defective products. 
(The repair or replacement of defective products does not extend the warranty period. This warranty does not apply to components 
which are normally consumed in operation or which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall 
not be liable for consequential damages under any circumstances. 

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Product Families Not Included in the Reference Manual 
(But Still Available) 
The information published in this Reference Manual is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below may have 
been designed into your circuits in the past, but they are no longer likely to be the most economic choice for your new designs. 
Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, and we are continuing to 
make these products available for use in existing designs. Data sheets on these products are available upon request. 

Model Model Model Model 

ADlOI ADC-9l2 DAC113S SW-01l02 
ADZOI ADC1130 DAC1146 SW-751017511 
AD301 ADCll3l DAC-140SA 2B24 
AD301AL ADC1143 DAC150SA 2B34 
AD363R AD DAC-OS DAC-8212 2B52 
AD364R AD DAC71 DAS1l53 2B53 
AD503 AD DAC72 DAS1l57 2B56 
AD504 ADEB770 HDS-1240E 2B57 
AD506 ADSP-IOOSA HDS-1250 2B58 
ADS07SHl883B ADSP-I009A HOS-050/050N050C 2B59 
AD510 ADSP-IOI0A HOS·06O 4B Series 
AD515 ADSP-IOIOB HTC-0300A 40 
AD518 ADSP-I012A HTS-OOIO 171 
AD533 ADSP-I016A HTS-0025 233 
ADS35 ADSP-I024A JM38510/11301l11302 277 
AD545 ADSP-I080A MUX-88 285 
ADS67 ADSP-I081A OP-08 290 
AD6l1 ADSP-ll01 OP-43 292 
AD651 ADSP-lllOA OP-44 310 
AD689 ADSP-1401 OP-65 426 
AD757 ADSP-1402 OP-lll 429 
AD1175 ADSP-1410 OP-147 434 
AD 1322 ADSP-3128A OP-150 436 
ADl403 ADSP-3201 OP-166 442 
AD2004 ADSP-3202 PM-1l9 451 
ADZ006 ADSP-3210 PM-219 453 
AD2020 ADSP-3211 PM-148/248 460 
ADS200 Series ADSP-3212 PM-155 741A 
AD5210 Series ADSP-3220 PM-156 751 
AD7110 ADSP-3221 PM-157 756 
AD7240 ADSP-3222 PM-355 947 
AD7520 CAV-1210 PM-356 950 
AD7521 CMP-08 PM-562 968 
AD7522 CMP-404 PM-725 
AD7523 DAC-Ol PM-741 
AD7525 DAC-02/03 PM-0820 
AD7530 DAC-05/06 PM-7541 
AD753 1 DAC-12QS PM-7574 
AD754 1 DAC-20 SHA-ll44 
AD7546 DAC71172 SMP-81 
AD7576 DAC-86 SSM-2044 
AD7772 DAC-88 SSM-2045 
AD9502 DAC-89 SSM-2047 
AD9611 DAC-210 SSM-2100 
AD9686 DAC-888 SSM-2132 
ADC-908 DAC1l36 SSM-2300 
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Substitution Guide for Product Families 
No Longer Available 

The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions and 
performance may be obtained with newer models, but-as a rule-they are not directly interchangeable. The closest recommended 
Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is listed, or for further 
information, contact your local sales office. 

Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

AD 108/208/308 AD70S ADZ008 None ADC-14I/17I ADl170 
ADI08A1208A1308A AD70S ADZ009 None ADC1100 AD1170 
AD 11112111311 AD790 AD2016 None ADC1102 AD7870 
ADZ46 ADZ04/ADZ08 AD2022 None ADC1103 AD7S72A 
ADZ9S ADZ 10 ADZ023 None ADC110S AD7SS0/AD7SS2 
ADZ93 ADZ 10 ADZ024 None ADC1109 AD7S72A 
AD294 ADZIO AD202S None ADCllll ADS74A 
AD34S AD1321/1324 ADZ027 None ADC1121 AD7880 
AD3S1 AD790 AD2028 None ADC1123 AD7880 
AD362 AD 1362 ADZ033 None ADCl133 ADS74A 
AD367 None AD2036 None ADC-QU ADS74A1AD674A 
AD368 None ADZ037 None AD DAClOO ADS61 
AD369 None AD2038 None ADG200 None 
AD370/371 AD767 AD2040 None ADG201 ADG201A 
AD376 AD 1376 ADZOSO None ADLH0032G/CG AD843 
AD381 AD744 AD20S1 None ADLH0033G/CG AD9620/ AD9630 
AD382 AD744/AD84S ADZ060 Norte ADMSOI None 
AD386 AD11S4 ADZ061 None ADPSOI None 
AD392 AD664 AD2070 None ADREFOI REF-Ol 
ADSOI AD711 ADZ071 None ADREF02 REF-02 
ADS02 AD711 AD3SS4 None ADSHC-8S ADS8S 
ADSOS ADS09 AD3860 ADS67 ADSHM-S HTC-0300A 
ADS06SHl883B AD42626 ADSOIO/6020 AD9000 AMP-OIBX AMP-OIAX 
ADS08 ADS 17 ADS240 AD ADC8S AMP-OIBXl883C AMP-OIAXl883C 
ADS 11 AD711 AD6012 ADS6SA AMP-OSBX AMP-OSAX 
ADS 12 AD711 AD711S AD7111 AMP-OSBXl883C AMP-OSZ/883C 
ADS 13 AD711 AD7S13 ADG201A API1620/1718 Consult ADI 
ADS14 AD711 AD7S16 AD7S10DI BDM 1615116/17 None 
ADS16 AD711 AD7S19 None BUF-03BJ/883C BUF-03AJ/883C 
ADS20 ADS24 AD7S27 AD7S48 CAV-0920/1020 AD9020/9060 
ADS23 ADS49 AD7S44 AD7S48 CAV-1202 AD9007 
ADS28 AD7111744 AD7SS0 None CAV-lZOS AD9007 
ADS30 ADS33 AD7SS2 None CMP-OIZ CMP-OlJ 
ADS31 ADS32 AD7SSS ADl17SK CMP-OSBJ CMP-OSCJ 
ADS40 ADS44 AD7S60 None CMP-OSBZ CMP-OSCZ 
ADSS9 ADSS7/ADSS8 AD7S70 AD7S79/AD7S80 CMP-OSGJ CMP-OSCJ 
ADS6S ADS6SA AD7S71 AD7S79/AD7S80 CMP-404BY CMP-404AY 
ADS66 ADS66A AD7S83 AD7880+MUX CMP-404BY /883C CMP-404A Y /883C 
AD6l2 ADS24 AD9011 AD9002 DAC-02ACXl DAC-02CCXl 
AD614 ADS24 AD9S21 AD640 DAC-OSAXI DAC-02CCXl 
AD801 AD711 AD961S AD96111 AD9617 DAC-OSEXI DAC-02CCXl 
AD 1145 AD7846 AD968S AD9668S DAC-IOBX DAC-IOFX 

II AD 1147/48 AD669 AD9687 AD96686 DAC-IOCX DAC-IOGX 
AD 1332 None AD9688 AD9002/AD9028 DAC-IODF ADS68 
ADl408 ADSS8 AD ADC-816 AD7820/ AD7821 DAC-IOH None 
ADlS08 ADSS8 ADC-8S AD673 DAC-IOZ None 
ADl678 AD678 ADC-IOZ ADS74A DAC-12QZ AD667 
ADl679 AD679 ADC-12QL AD7S78 DAC-lZM AD784S 
ADl779 AD779 ADC-12QM ADS74A1AD674A DAC-14QM DACl136 
AD2003 AD2021 ADC-12QZ ADS74A1AD674A DAC-16QM DACl136 
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Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

DAC-lOOAAQ7 DAC-lOOACQ7 HOS-IOOAH/SH None OP-12CZ OP-12AZ 
DAC-100AAQ8 DAC-lOOACQ8 HOS-200 AD9620/30 OP-12GZ OP-12FZ 
DAC-100ABQ7 DAC-lOOACQ7 HTC-0300 HTC-0300A OP-14DZ OP-I4CZ 
DAC-IOOABQ8 DAC-lOOACQ8 HTC-OSOO HTC-0300A OP-14GRBC OP-I4GBC 
DAC-IOOBBQ51 DAC-lOOACQSI IPA-1751 IPA-1764 OP-14]1883C OP-14M1883C 

883C 883C IRDC1730-33 AD2S80A/82A OP-ISBJ OP-ISA] 
DAC-IOOBCQ7 DAC-lOOBBQ7 MAH-0801 AD900S OP-ISBZ OP-ISAZ 
DAC-IOODDQ7 DAC-lOOCCQ7 MAH-IOOI AD900S OP-16BJ OP-16AJ 
DAC-312BR DAC-312ER MAS-0801 AD900S OP-17BZ/883C OP-17AZ/883C 
DAC-888AX DAC-888EX MAS-IOOI AD900S OP-17CJ OP-17AJ 
DAC-888BX DAC-888EX MAS-1202 AD900S OP-17FJ OP-l7E] 
DACI009 AD767 MAT-01l883C MAT -01AHl883C OP-l7FZ OP-17EZ 
DACll06 ADS68 MAT-02BH MAT-02AH OP-2OCJ OP-20BJ 
DACll08 AD568 MAT -02BH/883C MAT -02AHl883C OP-2IGRBC OP-2IGBC 
DAC1ll2 DAC12QS MATV-0811 AD9012/48 OP-2ISBJ OP-2ISAJ 
DAClll8 AD767 MATV-0816 AD9012/48 OP-2I SBJ/883C OP-215A]/883C 
DAC1l22 AD7S4lA MATV-0820 AD9012/48 OP-215BZ OP-215AZ 
DAC1l25 AD7533 MCI-1794 AD2S80Al82A OP-2ISCZ/883C OP-2I 5BZ/883 
DAC1l32 AD667 MDA Family AD9712BIBB OP-2IBJ OP-2IAJ 
DAC-1408-6P DAC-I408-8P MDHFamily AD97I 2BIl3B OP-2IBZ OP-2IAZ 
DAC-I408-7P DAC-1408-8P MDMS Family AD9712BIl3B OP-2IE] OP-2IAJ 
DAC-1408-7Q DAC-1408-8Q MDS Family AD9712BIBB OP-220BJ OP-220M 
DAC-1408-GQ DAC-1408-8Q MDSL Family AD9712BIBB OP-22M OP-22AJ/883C 
DACl420 None MOD-1005/20 AD9020/60 OP-22EJ OP-22AJ/883C 
DACl422 None MUX-08AQ MUX-08BQ OP-32BZ OP-32AZ 
DACl423 None MUX-24AQ MUX-24EQ OP-32BZ/883C OP-32AZ/883C 
DACI508A-8Q DAC-I408-8Q MUX-24BQ MUX-24FQ OP-32FZ OP-32EZ 
DAS1l28 AD1341 MUX-16AT MUX-16ET OP-50BY OP-50AY 
DASllSO None MUX-16BT MUX-16FT OP-50BY/883C OP-50AY/883C 
DAS1l51 None OP-OlHJ OP-OlJ OSC-1754 OSC-1758 
DAS1l55 None OP-OlHZ OP-OlHP PKD-OIBY PKD-OIAY 
DAS1l56 None OP-02BJ OP-02AJ PKD-OlBY 1883C PKD-OIA Y 1883C 
DRCl605/06 Consult ADI OP-02BJ/883C OP-02AJ/883C PM-lllY PM-lllJ 
DRC I 70511706 Consult ADI OP-02EJ OP-07DJ PM-llY/883C PM-lllJ/883C 
DRCl765/66 AD2S65/66. OP-02EP OP-I77GP PM-139AY PM-139AY/883C 
DSCl605/06 Consult ADI OP-02EZ OP-I77GZ PM-156AZ PM-I 56AZ/883C 
DSCl705/1706 Consult ADI OP-02J OP-02AJ PM-157J PM-I 75J/883C 
DSC I 765/66 ADZS6S/66 OP-02/883C OP-02AZ/883C PM-157J/883C PM-157AJ/883C 
DTMI7161l7 AD2S6S/66 OP-04DY OP-04CY PM-208M PM-108AJ/883C 
HAS-0802 HAS1202A OP-04GBC OP-04NBC PM-208AZ PM-108AZ 
HAS-I002 HAS I 202A OP-04Y/883C OP-04A Y 1883C PM-308AZ PM-I008GZ 
HAS-1202 HASl202A OP-05Z OP-05AZ PM-308J PM-I008G 
HDD-IOI5 AD9712A OP-05/883C OP-OSAZ/883C PM-4136RC OP-llARC/883C 
HDD-I409 None OP-06BJ/883C OP-06AJ/883C PM-562AV PM-56ZHV 
HDG-0805 AD9701 OP-06EZ OP-06GZ PM-56ZBV PM-56ZHV 
HDH-080Z AD9713B OP-06FZ OP-06GZ PM-56ZFV PM-56ZHV 
HDH-I003 AD9713B OP-08AJ PM-I008AJ PM-S6ZGV PM-56ZHV 
HDH-lZ05 AD9713B OP-08AJ/883C PM-lOO8AJ/883C PM-74IJ OP-OZAJ 
HDL-3805 ADV453/ADV478 OP-08AZ/883C PM-lOO8AZ/883C RACl763 None 
HDL-3806 ADV453/ADV478 OP-08CZ/883C PM-lOO8AZ/883C RDCI602I03 RDCl70ZI03 
HDM-IZIO AD6681 AD9713B OP-08EJ PM-lOO8EJ RDCI700 Consult ADI 
HDS-0810E AD97lZB OP-08EZ PM-I008EZ RDCl70Z Consult ADI 
HDS-08Z0 AD9713B OP-09ARC/883C OP-llARC/883C RDCI704 Consult ADI 
HDS-IOISE AD971ZB OP-09FY OP-09EY RDCI711 None 
HDS-102S AD9713B OP-12BZ OP-12AZ RDCI721 ADZS46 
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Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

RDCI725 Consult AD! 2B35 None 280 281 
RDCI726 Consult AD! 2S20 ADZS80A/82A 282J 292A 
RDCI728 Consult AD! 5S70/5S72 AD2S75 283J 292A 
RDC1767 Consult AD! 9S70171/72 None 287 None 
RDC1768 Consult AD! 9S75176179 None 288 ADZIO 
RSCTl621 ADZS80A/82A 41 AD515A 301 310 (Module) 
RTI-1200 RTI-711 Series 42 ADS49 302 310 (Module) 
RTI-1201 RTI-711 Series 43 ADS49 311 AD549 
RTI-1202 RTI-711 Series 44 AD845 350 None 
RTM Series Consult ADI 45 AD744 424 ADS 34 
SAC1763 None 46 AD844 427 None 
SBCD 1752/53/56/57 None 47 AD845 428 ADS38 
SCDX1623 None 48 AD845 432 None 
SCMI677 None 50 AD844 433 434 
SDC1602/3/4 Consult ADI 51 AD844 435 AD734 
SDC1700 Consult ADI 52 AD707 440 442 
SDC1702 Consult ADI 102 AD845 450 AD652 
SDC1703 Consult ADI 106 AD711 452 None 
SDC1704 Consult ADI 107 AD711 454 ADS37 
SDCI711 None 108 AD845 456 ADS37 
SDCI721 AD2S46 110 AD845 458 460 
SDCI725 Consult ADI 118 AD711 602JI0 ADS24 
SDCI726 Consult ADI 120 AD844 602J100 AD524 
SDCI728 Consult ADI 141 40 602KI00 AD524 
SDC1767 Consult ADI 142 AD845 603 ADS24 
SDC1768 Consult ADI 143 AD845 605 ADS24 
SERDEX J.1MAC-5000 146 AD382 606 AD625 
SHA-IA ADS85 148 AD549 610 AD625 
SHA-2A AD781 149 AD844 752 759 
SHA-3 ADS85 153 AD517 901 904 
SHA-4 ADS85 161 None 903 905 
SHA-5 None 163 None 906 905 
SHA-6 AD1154 165 None 907 921 
SHA1ll4 AD585 170 None 908 921 
SHA-l134 None 180 AD OP-07 909 921 
SMP-I0BY SMP-IOAY 183 AD707 915 904 
SMP-I0BY/883C SMP-lOAY/883C 184 AD707 926 927 
SPA-1695 None 220 233 931 None 
SSCTl621 ADZS80N82A 230 233 932 None 
SSCTl622/23 None 231 233 933 None 
STM Series Consult ADI 232 233 935 None 
SW-OIBQ SW-OIFQ 234 233 942 None 
SW-7510AQ SW-75IOEQ 235 233 944 None 
SW-7510BQ SW-75IOFQ 260 AD707 946 None 
SW-7511AQ SW-1577BQ 261 OP-I77 948 947 
THC-Family HTC-0300A 272 None 951 None 
THS-Family HTC-0300A 273 None 952 970 

III TSLl612 Consult ADI 274J 284J 956 None 
IS10/20 AD2S80N82A 275 ADZI0 959 960 
IS 14/24/44/64174 AD2S83 276 None 971 921 
IS60/61 ADZS80A/82A 279 286J 972 974 

973 975 
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Technical Publications 
Analog Devices provides a wide array of FREE technical publi
cations. These include Data Sheets, Catalogs, Application Notes 
and Guides and four serial pUblications: Analog Productlog, a 
digest of new-production information; DSPatch'" , a newsletter 
about digital signal-processing (applications); Analog Briefings~, 
current information about products for military/avionics and the 
status of reliability at ADI; and Analog Dialogue, our technical 
magazine, with in-depth discussions of products, technologies 
and applications. 

In addition to the free publications, a group of technical refer
ence books are available at reasonable cost. Subsystem products 
are supported with hardware, software, and user documentation, 
at prices related to content. 

Brief descriptions of typical publications appear below. For cop
ies of any items, to subscribe to any of our free serials or to 
request any other publications, please get in touch with the 
nearest sales office or the Analog Devices literature center; 
phone (617) 461-3392, fax (617) 821-4273. 

DATABOOKS AND CATALOGS 
Data Acquisition Products Reference Manuals. Contain selec
tion guides, data sheets and other useful information about all 
Analog Devices ICs, hybrids, modules and subsystem compo
nents recommended for new designs. The current series consists 
of: 

AMPLIFIER REFERENCE MANUAL-1992. Data sheets 
and selection guides to Operational Amplifiers, Comparators, 
Instrumentation Amplifiers, Isolation Amplifiers, Mixed-Signal 
ASICs, Power Supplies. (Available FREE) 

SPECIAL LINEAR REFERENCE MANUAL-1992. Data 
sheets and selection guides to Analog Multipliers/Dividers, Sig
nal Compression Components, RMS-to-DC Converters, Mass 
Storage Components, ATE Components, Special Function Com
ponents, Matched Transistors, Temperature Sensors, Signal 
Conditioning Components, Automotive Components, Digital 
Signal Processing Products, Mixed-Signal ASICs, Power Sup
plies. (Available FREE) 

DATA CONVERTER REFERENCE MANUAL-1992: 
Volumes 1 and 2. Data sheets and selection guides on AID and 
D/A Converters, VIF and FN Converters, SynchrolResolver-to
Digital Converters, Sample!frack-Hold Amplifiers, Switches 
and Multiplexers, Voltage References, Data-Acquisition Sub
systems, Analog I/O Ports, Communications Products, Bus 
Interface and 110 Products, Application-Specific ICs, Digital 
Panel Meters, Power Supplies. (Available FREE) 

AUDIOIVIDEO REFERENCE MANUAL-1992. Data sheets 
and selection guides on Operational Amplifiers, Audio AID and 
D/A Converters, Video AID and D/A Converters, Special Func
tion Audio Products, Special Function Video Products, and 
Digital Signal Processing Products, plus 42 Application Notes. 

MILITARY PRODUCTS DATABOOK-1990 (in two vol
umes). Information and data on products available with process
ing in accordance with MIL-STD-883. 

Volume 2: PMI Division products-including Class S 
Volume 1: All other Analog Devices products 

DATA-ACQUISITION AND CONTROL CATALOG-1990. 
Tutorial and Configuration Guide, with Product Reference and 
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Index. Bus-Compatible 110 Boards for: IBM PS/2,* IBM Pc/ 
XT/ AT,* STD Bus, VMEbus, MULTIBUS.t Distributed 110 
Subsystems-fixed-function front ends, programmable units, 
and distributed control systems. Modular Signal Conditioners 
-analog and digitizing. Analog Signal-Conditioning Panels
isolated and nonisolated. Digital Subsystems-16- and 24/32-
channel. Software-DOS drivers and applications packages. 

POWER SUPPLIES*,-Linear Supplies.DC-DC Converters. 
12-page Short-Form Catalog listing Ac/DC Power Supplies, 
Modular DC/DC Converters, Power-Supply Test Procedures, 
Transients, Thermal Derating, Mechanical Outlines of Packages 
and Sockets. 

APPLICATION NOTES Available individually upon request: 
AID Converters 
"AD671 12-Bit, 2-MHz ADC Digitizes CCD Outputs for 

Imaging Applications" [EI4SS] 
"AD7672 Converter Delivers 12-Bit 200-kHz Sampling 

Systems" [E1313] 
"Asynchronous Clock Interfacing with the AD7878" [E1334] 
"Bipolar Operations with the AD7S72" [EIOIO] 
"Evaluation Board for the AD7701lAD7703 Sigma-Delta AID 

Converters" [EI483] 
"FIFO Operation and Boundary Conditions in the AD1332 

and AD1334" [El3SS] 
"How to Obtain the Best Performance from the AD7S72" 

[EI038] 
"Implement Infinite Sample-and-Hold Circuits Using Analog 

Input/Output Ports" [E13S9] 
"Simple Circuit Provides Ratiometric Reference Levels for 

AD782X Family of Half-Flash ADCs" [EI412] 
"Simultaneous and Independent Sampling of Analog Signals 

with the AD1334" [E13S8] 
"The AD7S74 Analog-to-Microprocessor Interface" [E694] 
"Using Multiple AD1334s in Many-Channel Synchronous 

Sampling Applications" [EI43S] 

Amplifiers 
"A Balanced-Input High-Level Amplifier" [AN-1l2] 
"Active Feedback Improves Amplifier Phase Accuracy" 
[AN-107]"AD9617/AD9618 Current-Feedback Amplifier Macro-

Models" [EI460] 
"An IC Amplifier User's Guide to Decoupling, Grounding, 

and Making Things Go Right for a Change" [AN-202] 
"An Ultralow-Noise Preamplifier" [AN-136] 
"An Unbalanced Virtual-Ground Summing Amplifier" [AN-1l3] 
"Applications of High-Performance BiFET Op Amps" [E727] 
"JFET-Input Amps Are Unrivalled for Speed and Accuracy" 

[AN-I08] 
"Low-Cost Two-Chip Voltage-Controlled Amplifier and Video 

Switch" (ADS39) [E9S7] 
"Using the AD9610 Transimpedance Amplifier" [EI097] 
"Video VCAs and Keyers Using the AD843 and AD8Il'" 

[AN-216] 

Analog Briefings is a registered trademark of Analog Devices, Inc. 
DSPatch is a trademark of Analog Devices, Inc. 
Word-Slice is a registered trademark of Analog Devices, Inc. 

*PC/XT/AT, PS/2 and Micro Channel are trademarks of International 
Business Machines Corporation. 

tMUL TmUS is a trademark of Intel Corporation. 
;This publication i. available in North America only. 



Analog Signal-Processing and Measurement 
"A Function Generator and Linearization Circuit Using the 

AD7569" [E1369] 
"Precision Surface Measurements Using the AD2S58" [E1486) 
"RMS-to-DC Converters Ease Measurement Tasks" [E1519) 
"Understanding and Applying the AD73411AD7371 Switched-

Capacitor Filters" [E1373) 
"Using the AD834 in DC to 500-MHz Applications: RMS-to

DC Conversion, Voltage-Controlled Amplifiers, and Video 
Switches" [AN-212) 

"Video VCAs and Keyers Using the AD843 and AD811" 
[AN-216) 

Audio 
"A Balanced Mute Circuit for Audio Mixing Consoles" 

[AN-I 22) 
"A Constant-Power 'Pan' Control Circuit for Microphone 

Audio Mixing" [AN-123) 
"A High-Perfonnance Compandor for Wireless Audio Systems" 

[AN-133) 
"An Automatic Microphone Mixer" [AN-134) 
"A Two-Channel Dynamic Filter Noise Reduction System" 

[AN-125) 
"High Performance Stereo Routing Switcher" [AN-I2l) 
"Interfacing Two 16-Bit ADI856 (ADI851) Audio DACs with 

the Philips SAA7220 Digital Filter" [AN-207) 

D/A Converters 
"AD7528 Dual 8-Bit CMOS DAC" [E757) 
<"Analog Panning Circuits Provide Almost Constant Output 

Power" [AN-206) 
"Circuit Applications of the AD7226 Quad CMOS DAC" [E873) 
"Dynamic Performance of CMOS DACs in Modem Applica

tions" [El172) 
"8th Order Programmable Low-Pass Filter Using Dual12-Bit 

DACs" [AN-209) 
"Exploring the AD667 12-Bit Analog Output Port" [E875) 
"Gain Error and Tempco of CMOS Multiplying DACs" [E630C) 
"Generate 4 Channels of Analog Output Using AD7542 12-Bit 

D/A Converters and Control the Lot with Only Two Wires" 
[E909) 

"Interfacing the AD7549 Dual 12-Bit DAC to the MCS-48 and 
MCS-51 Microcomputer Families" [E941) 

"Replacing the AD1145 with the AD7846" [E1467) 
"Simple Interface Between D/A Converter and Microcomputer 

Leads to Programmable Sine-Wave Oscillator" (AD7542) 
[E889) 

"The AD7224 DAC Provides Programmable Voltages Over 
Varying Ranges" [E910) 

"Three-Phase Sine-Wave Generation Using the AD7226 Quad 
DAC" [E924) 

"Understanding and Preventing Latchup in CMOS DACs" 
[AN-I09] 

"Voltage Adjustment Applications of the DAC-8800 
TrimDAC"', an Octal 8-Bit D/A Converter" [AN-142) 

Digital Signal-Processing 
"Considerations for Selecting a DSP Processor" (ADSP-2100A 

vs. TMS320C25) [E1306) 
"Considerations for Selecting a DSP Processor" (ADSP-2101 

vs. TMS320C50) [AN-233) 
"Considerations for Selecting a DSP Processor" (ADSP-2111 

vs. DSP56000) [AN-23I) 

"Digital Control System Design with the ADSP-2100 Family" 
[AN-227) 

"Implement a Cache Memory in Your Word-Slice® System" 
[EI062) 

"Sharing the Output Bus of the ADSP-1401 Microprogram 
Sequencer" [EI059) 

"Using Digitally Programmable Delay Generators" [E1518a) 
"Variable-Width Bit Reversing with the ADSP-141O Address 

Generator" [EI061) 

Disk-Drive Electronics 
"Microstepping Drive Circuits for Single Supply Systems" 

[EI229A] 
"Simple DAC-Based Circuit Implements Constant Linear 

Velocity (CLV) Motor Speed Control" [E1236) 

Modeling 
"AD9617/AD9618 Current-Feedback Amplifier Macro-

Models" [E1460) 
"OP-42 Advanced SPICE Macro-Model" [AN-Il7) 
"OP-64 Advanced SPICE Macro-Model" [AN-ll0) 
"OP-260 Advanced SPICE Macro-Model" [AN-126) 
"OP-400 SPICE Macro-Model" [AN-120) 
"OP-470 SPICE Macro-Model" [AN-132) 
"SPICE-Compatible Op Amp Macro-Models" [AN-138) 

Practice 
"An IC Amplifier User's Guide to Decoupling, Grounding, 

and Making Things Go Right for a Change" [AN-202) 
"How to Reliably Protect CMOS Circuits Against Power

Supply Overranging" [C1499) 

Resolver (Synchro) to Digital Conversion 
"Circuit Applications of the 2S81 and 2S80 Resolver-to

Digital Converters" [E1140) 
"Dynamic Characteristics of Tracking Converters" [E1141) 
"Dynamic Resolution-Switching on the IS74 Resolver-to

Digital Converter" [E919) 
"Using the 2S80 Series Resolver-to-Digital Converters with 

Synchros: Solid-State Scott-T Circuit" [E136I) 
"Why the Velocity Output of the IS74 and IS64 Series RID 

Converters is Continuous and Step-Free Down to Zero 
Speed" [E893) 

Sample-Holds 
"Applications of the SMP-04 and the SMP-OS/SMP-IS Quad

and Octal Sample-and-Hold Amplifiers" [AN-204] 
"Applying IC Sample-Hold Amplifiers" [E931) 
"Generate 4 Channels of Analog Output Using AD7542 12-Bit 

D/A Converters and Control It All with Only Two Wires" 
[E909) 

"Implement Infmite Sample-and-Hold Circuits Using Analog 
Input/Output Ports" [E1359) 

Switches and Multiplexers 
"ADG201A/202A and ADG2211222 Performance with Reduced 

Power Supplies" [EI052) III 
"Bandwidth, OFF Isolation, and Crosstalk Performance of the I 

ADG5XXAA Multiplexer Series" [E1340) 
"RON Modulation in CMOS Switches and Multiplexers; What 

it Is and How to Predict its Effect on Signal Distortion" 
[E1470) 

Temperature Measurement 
"A Cost-Effective Approach to Thermocouple Interfacing in 

Industrial Systems" [E730) 
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"Use of the AD590 Temperature Sensor in a Remote Sensing 
Application" [E920] 

VIF Converters 
"Analog-ta-Digital Conversion Using Voltage-to-Frequency 

Converters" [E994A] 
"Operation and Applications of the AD654 IC V-to-F 

Converter" [E923] 
"Using the AD650 Voltage-to-Frequency Converter as a 

Frequency-to-Voltage Converter" [EI539] 

Video Applications 
"Animation Using the Pixel Read Mask Register of the 

ADV47X Series of Video RAM-DACs" [E1316] 
"Changing Your VGA Design from a 171/176 to an ADV471" 

[EI260] 
"Design and Layout of a Video Graphics System for Reduced 

EMI" [E1309] 
"Improved PCB Layouts for Video RAM-DACs Can Use 

Either PLCC or DIP Package Types" [EI22S] 
"Low Cost Two-Chip Voltage-Controlled Amplifier and 

Video Switch." (ADS39) [AN-213] 
"Video Formats & Required Load Terminations." [AN-20S] 

FREE APPLICATION GUIDES 
1992 Short Form Designers' Guide. A 142-page summary of Ana
log Devices products, including data converters, amplifiers, 
transducers, audio/video components, voltage references, 
switches and multiplexers, data-acquisition subsystems-and 
components for analog and digital signal processing, audio/ 
video, disk drives, automotive electronics, ATE, and communi
cations. It features new-product descriptions, specifications, and 
block diagrams-and provides selection guides, selection trees, 
and characteristics tables, plus a comprehensive index to all 
products. 

Analog CMOS Switches and Multiplexers. A 16-page short form 
guide to high-speed CMOS switches, CMOS switches with 
dielectric isolation and CMOS multiplexers. Also included are 
reliability data and information on single-supply operation. 

Applications Guide for Isolation Amplifiers and Signal Conditioners. 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, instru
mentation and medical applications. 

CMOS DAC Application Guide 3rd Edition by Phil Burton 
(1989-64 pages). Introduction to CMOS DACs, Inside CMOS 
DACs, Basic Application Circuits in Current-Steering Mode, 
Single-Supply Opemtion Using Voltage-Switching Mode, The 
Logic Interface, Applications. 

Digital Signal Processing-a 20-page brochure outlining the Ana
log Devices approach to DSP, mixed-signal processing and sig
nal computing. Includes philosophies, fixed- and floating-point 
architectures, products, benchmarks, applications, tools (hard
ware, software, and third-party), support-and migration paths 
to the future. 

ESD Prevention Manual-Protecting ICs from electrostatic dis
charges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to ensure 
protection against electrostatic discharge (ESD) failures. 

High-Speed Data Conversion. A 24-page short-form guide to 
video and other high-speed AID and D/ A converters and accesso
ries, in forms ranging from monolithic ICs to card-level products. 
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High-Speed Op Amp Selection Guide. A 4-page quick-reference 
chart outlining specs and characteristics of high-speed op amps, 
further subdivided into precision, low-noise, FET -input, trans
impedance, general-purpose and buffer classifications. Includes a 
worldwide sales directory. 

Instrumentation Amplifier Application Guide, by Charles Kitchin 
and Lew Counts. Its 44 pages include basic instrumentation
amplifier ("in-amp") theory, design considerations, applications, 
specifications, and products - plus a brief bibliography and two 
indexes (by topic and by device model number). 

Multiple Digital-to-Analog Converter Integrated Circuits Selection 
Guide. A 32-page guide for the designer who wants to save space 
and cost in applications calling for from two to eight or more 
DACs and resolutions from 6 to 18 bits. Devices include triple 
6-, 8-, and lO-bit video DACs, dual 18-bit audio DACs, 8-bit 
octuples, and 12- and 14-bit quads. 

ResolveNo-Digital Converter Selection Chart. A 40-page collection 
of accuracy and speed data for use in the design of systems com
bining Analog Devices monolithic integrated-circuit RDCs with 
a variety of resolvers. Topics include single- and multi-speed 
resolvers, speed-accumcy charts, resolver charts for nine differ
ent manufacturers, and definitions of terms. 

RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986-61 pages). RMS-DC Conver
sion: Theory, Basic Design Considerations; RMS Application 
Circuits; Testing Critical Parameters; Input Buffer Amplifier 
Requirements; Programs for Computing Errors, Ripple and 
Settling Time. 

Sampling Analog-w-Digital Converter Integrated Circuits-1992 
Short-Form Selection Guide. Its 28 pages cover 35 different mod
els with resolutions from 8 to 16 bits, and 12-bit resolution up 
to 20 MSPS. Besides block diagrams and key specs of each 
product, the booklet includes a detailed discussion of selection 
issues and a selection table sorted by resolution and speed. 

Signal Computing. A 16-page brochure describing the present 
and future of product designs that require synchronous, real
time execution of complex mathematical signal-processing algo
rithms. In it, chipsets (e.g., a DSP teamed with appropriate 
analog ports) provide the hardware platform; and prepackaged 
third-party software, written by experts in a variety of fields 
(but modified to meet the needs of individual designs) provides 
the problem-solving configumtion. So (for example) the same 
processor can be used as a PC-based sound coprocessor, or an 
embedded audio processor in digital TVs, or a host processor in 
digital cellular telephones. Some illustrations are provided, using 
Analog Devices products. 

Surface Mount IC.* A 28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 

DIGITAL SIGNAL PROCESSING MANUALS 
Available at no charge for single copies; write on letterhead. 

ADSP-21OIIADSP-2102 USER'S MANUAL-Architecture. 
[Fixed-point processor] Introduction; Computational Units; 
Data Moves, Program Control; Timer; Serial Ports; Systeo 
Interface; Memory Interface; Instruction Set Overview; Appen
dixes; Index. 190 pages. 

"This publication i. available in North America only. 



ADSP-21 I I USER'S MANUAL-Architecture. [Fixed-point 
processor) Introduction; Computational Units; Data Moves; Pro
gram Control; Timer; Host Interface Port; Serial Ports; System 
Interface; Memory Interface; Instruction Set Overview; Appen
dixes; Index. 218 pages. 

ADSP-2I020 USER'S MANUAL. [Floating-point processor) 
Introduction; Computational Units; Program Sequencing; Data 
Addressing; Timer; Memory Interface; Instruction Summary; 
Assembly Programmer's Tutorial; Hardware System Configura
tion; Appendixes; Index. 394 pages. 

TECHNICAL REFERENCE BOOKS 
Can be purchased from Analog Devices, Inc., at the prices 
shown. If more than one book is ordered, deduct a discount of 
$1.00 from the price of each book. Price of the entire set of 10 
books is $177.00-a bargain for your department's library (in 
effect, the Amplifier Applications and High-Speed books come 
free). VISA and MasterCard are welcome; phone (617) 461-3392 
or fax (617) 821-4273. Or send your check for the indicated 
amount to Analog Devices, Inc., P.O. Box 9106, Norwood, MA 
02062-9106. 

NEW-AMPLIFIER APPLICATIONS GUIDE, by the 
Applications Engineering Staff of Analog Devices and edited by 
Walt Kester, published by Analog Devices (1992). 648 pages of 
timely and practical information on amplifiers-including opera
tional, audio, instrumentation, video, and log amps. Topics 
include: Introduction; Precision transducer interfaces; High
impedance, low current; Single-supply, low-power; Audio; Fil
tering, Driving ADCs; Video and other high-speed applications; 
Nonlinear circuit applications; Unusual applications; Subtleties; 
Hardware techniques; Simulation; and a complete Index. $20.00 

ANALOG-DIGITAL CONVERSION HANDBOOK: Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall 
(1986). A comprehensive guide to ND and D/A converters and 
their applications. This third edition of our classic is in hard
cover and has more than 700 pages, an Index, a Bibliography, 
and much new material, including: video-speed, synchro
resolver, VIP, high-resolution, and logarithmic converters, ICs 
for DSP, and a "Guide for the Troubled." Seven of its 22 chap
ters are totally new. $32.95 

DIGITAL SIGNAL-PROCESSING APPLICATIONS 
USING THE ADSP-2IOO FAMILY, by the Applications Staff 
of Analog Devices, DSP Division; edited by Amy Mar (628 
pages). Englewood Cliffs NJ: Prentice Hall (1990). Bridge the 
gap between DSP algorithms and their real-world implementa
tion on state-of-the-art signal processors. Each chapter tackles a 
specific application topic, briefly describing the algorithm and 
discussing its implementation on the ADSP-2100 family of 
DSP chips. Comprehensive source-code listings are complete 
with comments and accompanied by explanatory text. Programs 
are listed on a pair of supplementary diskettes-furnished with 
the book. Application areas include fixed- and floating-point 
arithmetic, function approximation, digital filters, one- and two
dimensional FFTs, image processing, graphics, LP speech cod
ing, PCM, ADPCM, high-speed modem algorithms, DTMF 
coding, sonar beamforming. Additional topics include memory 
interface, multiprocessing, and host interface. The book can 
serve as a companion to Digital Signal Processing in VLSI. 
Now in paperback; its price includes a diskette. 

NEW PRICE-$30.00 

DIGITAL SIGNAL PROCESSING IN VLSI, by Richard J. 
Higgins. Englewood Cliffs NJ: Prentice Hall (1990). An intro
ductory 614-page guide for the engineer and scientist who needs 
to understand and use DSP algorithms and special-purpose DSP 
hardware ICs-and the software tools developed to carry them 
out efficiently. Real-World Sigual Processing; Sampled Signals 
and Systems; The DFT and the FFT Algorithm; Digital Filters; 
The Bridge to VLSI; Real DSP Hardware; Software Develop
ment for the DSP System; DSP Applications; plus Bibliogmphy 
and Index. $38.00 

DIGITAL SIGNAL PROCESSING LABORATORY Using 
the ADSP-2I01 Microcomputer, by Vinay K. Ingle and John G. 
Proakis (Northeastern University). Englewood Cliffs NJ: Pren
tice Hall (1991). Contents: Introduction to the ADSP-2100/2101 
family; ADSP-2101 instruction set overview; Overview of devel
opment tools; Getting started with the ADSP-2101; Laboratory 
experiments using the ADSP-2101; FIR ftIter implementation; 
IIR ftIter implementation; Fast Fourier transform implementa
tion; Applications in communications; Adaptive ftIters and their 
applications; References; Index. $24.00 

HIGH-SPEED DESIGN SEMINAR, published by Analog 
Devices (1990). A 496-page guide to the pmctical application of 
high-speed semiconductor devices in processing of analog sig
nals. Topics include: data conversion, digital video applications, 
high-speed sample-holds and operational amplifiers, nonlinear 
signal processors (including log amps), comparators and pin 
electronics, time-delay generators, phase-locked loops, direct 
digital synthesis, computer graphics and RAMDACs, and high-
speed techniques. $20.00 

MIXED-SIGNAL DESIGN SEMINAR, published by Analog 
Devices (1991). Contents: Introduction to mixed-signal process
ing of real-world signals and signal conditioning; Linear and 
nonlinear analog signal processing; Fundamentals of sampled
data systems; ADCs for DSP applications; DACs for DSP appli
cations; Sigma-delta ADCs and DACs; Digital signal-processing 
techniques; DSP hardware; Interfacing ADCs and DACs to dig
ital signal processors; Mixed-signal processing applications; 
Mixed-signal circuit techniques; Index. $22.00 

NONLINEAR CIRCUITS HANDBOOK: Designing with 
Analog Function Modules and ICs, by the Engineering Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing, squaring and rooting, rms-to-dc conversion, and 
multifunction devices. Principles, circuitry, performance, speci
fications, testing, and application of these devices-contains 325 
illustmtions. $5.95 

SYNCHRO & RESOLVER CONVERSION, edited by Geoff 
Boyes. Norwood, MA; Analog Devices, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, and Inductosyns* 
to digital and analog circuitry. $11.50 

TRANSDUCER INTERFACING HANDBOOK: A Guide to ... 
Analog Signal Conditioning, edited by Daniel H. Sheingold. Nor- .. 
wood MA: Analog Devices, Inc. (1980). A book for the elec-
tronic engineer who must interface transducers for temperature, 
pressure, force, level, or flow to electronics, these 260 pages 
tell how transducers work-as circuit elements-and how to 
connect them to electronic circuits for effective processing of 
their signals. $14.50 

*Inductosyn is a registered trademark of Farrand Industries, Inc. 
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Worldwide Sales Directory 
North American Sales Offices and Representatives 
Alabama: *404-263-3719,205-534-0044 
Alaska: *206-575-6344, *714-641-9391 
Arizona: 602-949-0048 
Arkansas: *214-231-5094 
California: *714-,641-9391, *408-559-2037 
Colorado: 303-443-5337 
Connecticut: *516-366-0765, *617-329-4700 
Delaware: *215-643-7790 
Florida: *407-660-8444 
Georgia: *404-263-3719, 404-263-0320 
Hawaii: *714-641-9391 
Idaho: 303-443-5337, *206-575-6344 
Illinois: *708-519-1777 
Indiana: *708-519-1777 
Iowa: *708-519-1777 
Kansas: 913-829-2800 
Kentucky: 205-534-0044 
Louisiana: *214-231-5094 
Maine: *617-329-4700 

North American Distributors 
Alabama: Allianc6 505-292-3360; Allied 205-
721-3500; 8eIl205-837-1074; Hall-Mark 205-
837-8700; Pioneer 205-637-9300 
Arizona: Alliance 505-292-3360; Allied 602-437-

'9080; 8611602-966-7800; Hall-Mark 602-437-
1200; Wyle 602-437-2088 
California: Alliance 505-292-3360; Allied 415-
770-0590,818-882-6981,213-373-8828,714-727-
3010,916-632-3104,619-279-2550,415-952-
9599; 8eIl310-826-6778, 916-652-0414, 408-
734-8570,818-879-9494,714-895-7801,619-268-
1277; Hall-Marle 818-773-4500, 714-727-6000, 
619-268-1201, 408-432-4000, 916-624-9781; 
Pioneer800-535-1430, 218-320-4820, 619-434-
4107,408-954-9100; Semi-Dice 31(}.594-4631, 
714-952-2216,408-980-9777,800-325-6030 (in 
CAl, 800-626-4411, 800-345-6633 (outside CA, 
MA); Wyle 714-863-9953, 818-880-9000, 800-
288-9953,916-638-5282,800-627-9953,408-727-
2500,'619:565-9171 
Colorado: Alliance 505-292-3360; Allied 303-
790-1664; 8eIl303-691-9010; Hall-Mark 303-
790-1662; Wyle 303-457-9953 
Connecticut: Alliance 617-756-1910; Allied 203-
272-7730; 8eI1203-269-6801; Hal/-Mark 203-
271-2844; Pioneer 203-929-5600 
Florida: Alliance 505-292-3360; Allied 305-978-
3008,904-346-0761,407-831-3331,813-541-
4660; 8eIl407-339-0078; Chip Supply 407-298-
7100; Hall-Mark 407-830-5855, 305-971-9280, 
813-541-7440; Pioneer 407-834-9090, 305-428-
6877 
Georgia: Alliance 505-292-3360; Allied 404-
497-9544; 8ell404-662-0923; Hall-Mark 404-
623-4400; Pioneer 404-623-1003 
Illinois: Alliance 505-292-3360; Allied 708-918-
0250,708-535-0038, 708-860-0007; 8e1l708-
640-1910,217-328-1077; Hall-Mark708-860-
3800; Newark 312-784-5100; Pioneer 708-495-
9680 
Indiana: Alliance 505-292-3360; Allied 317-875-
0448; 8eIl317-875-8200, 219-423-3422; 
Hal/-Mark 317-872-8875; Pioneer 317-573-0880 
Iowa: Alliance 505-292-3360; Allied 515-223-
6488; 8e1l319-395-0730 

* Analog Devices, Inc., Direct Sales Offices 
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Maryland: *410-992-1995 
Massachusetts: *617-329-4700 
Michigan: 313-489-I 500, *313-348-5795 
Minnesota: *708-519-1777 
MissiSSippi: *404-263-3719,205-534-0044 
Missouri: 314-521-2044,913-829-2800 
Montana: 801-466-9336, *714-641-9391 
Nebraska: 913-829-2800 
Nevada: *408-559-2037, *714-641-9391 
New Hampshire: *617-329-4700 
New Jersey: *516-366-0765 (north), *215-
643-7790 (south) 
New Mexico: 505-828-1300 
New York: *315-682-5571, *516-366-0765 
(metro), 716-425-9100 (upstate) 
North Carolina: *404-263-3719, 919-460-7771 
North Dakota: 708-519-1777 
Ohio: 216-247-0060, 614-792-5171 
Oklahoma: *214-231-5094 

Kansas: Alliance 505-292-3360; Allied 913-599-
6227; Hall-Mark 913-888-4747 
Kentucky: Alliance 505-292-3360; Allied 502-
452-2293; 8ell800-582-7492, 800-445-8795 
Louisiana: Alliance 505-292-3360; Allied 504-
885-1195 
Maryland: Alliance 505-292-3360; Allied 301-
381-1560; 8eIl410-290-5100; Hall-Mark 301-
988-9800; Pioneer 301-921-0660 
Massachusetts: Alliance 617-729-5800,617-
756-1910; Allied 508-667-7921, 617-255-0361; 
8eIl508-474-8880; Hall-Mark 508-667-0902, 
508-935-9777; Pioneer 617-861-9200; 
Semi-Dice 508-238-8344; Wyle 617-272-7300 
Michigan: Alliance 505-292-3360; Allied 313-
462-0190,616-949-8200; 8eIl800-582-7492, 
313-347-6633; Hall-Mark 313-416-5800; Pioneer 
616-698-1800,313-525-1800 
Minnesota: Alliance 505-292-3360; Allied 612-
881-0838; 8eIl612-941-1493; Hall-Mark 612-
881 -2600; Pioneer 612-9.w:3355 
Missouri: Alliance 505-292-3360; Allied 314-
291-7031; 8eIl314-647-2355; Hall-Mark 314-
291-5350; Pioneer 314-542-3077 
Nebraska: Alliance,505-292-3360; Allied 402-
697-0038 
New Hampshire: Alliance 617-756-1910; Allied 
603-883-3006 
New Jersey: Alliance 505-292-3360; Allied 201-
428-3350, 609-234-7769; 8eIl201-227-6060; 
Hall-Mark 609-235-1900, 201-515-3000; Pioneer 
201-575-3510 
New Mexico: Alliance 505-292-3360; 8ell 505-
292-2700 
New York: Alliance 617-756-1910; Allied 516-
248-2360,908-572-9600, 914-452-1470, 716-425-
3850; Hall-Mark 716-425-3300,516-737-0600; 
Pioneer716-381-7070, 516-921-8700, Semi-Dice 
516-234-7676 
North Carolina: Alliance 505-292-3360; Allied 
919-876-5845; 8eIl919-821-4041; Hall-Mark 
919-872-0712; Pioneer 919-544-5400,704-527-
8188,919-460-1530 
Ohio: Alliance 505-292-3360; Allied 513-771-

Oregon: *206-575-6344 
Pennsylvania: *215-643-7790 (east), 412-
745-8441 (west) 
Rhode Island: *617-329-4700 
South Carolina: 919-460-7771 
South Dakota: *708-519-1777 
Tennessea: *404-263-3719,404-263-0320 
(east), 404-534-0044 (west) 
Texas: *214-231-5094 
Utah: 801-466-9336 
Vermont: *617-329-4700 
Virginia: *410-992-1995 
Washington: *206-575-6344 
West Virginia: 412-745-8441 
Wisconsin: *708-519-1777 
Wyoming: 801-466-9336 
Puerto Rico: *407-660-8444,809-753-8905 
Canada: 416-821-7800, 613-564-0014, 
514-697-0801,604-465-6892 

Mexico: *617-329-4700 

6990,216-248-4200,614-785-1270; 8611800-
348-4619, 513-435-8660, 513-434-8231; 
Hall-Mark 216-349-4632, 614-888-3313; Pioneer 
216-587-3600,513-236-9900,614-221-0043 
Oklahoma: Alliance 505-292-3360; Allied 918-
664-0844; Hall-Mark 918-254-6110; Pioneer 
918-665-7840 
Oregon: Alliance 505-292-3360; Allied 503-245-
4225; 8eIl503-644-1500; Wyle 503-643-7900 
Pennsylvania: Alliance 505-292-3360; Allied 
717-975-3570,412-367-4124; 8eIl215-953-2800, 
800-525-6666; Hall-Mark 215-355-7300; Pioneer 
215-674-4000,412-782-2300 
South Carolina: Alliance 505-292-3360; Allied 
803-288-8835; 8ell 800-322-7908 
Tennessee: Alliance 505-292-3360; Allied 901-
367-2895; 8ell 615-367-4400 
Texas: Alliance 505-292-3360; Allied 817-595-
3500,512-389-3771,214-553-4370,214-570-
5196,915-779-6294,713-446-8005,713-455-
3993; 8eIl214-690-0466; Hall-Mark 214-343-
5000,512-258-8848, 214-553-4300, 713-781-
6100; Pioneer 512-835-4000, 214-386-7300, 
713-495-4700,512-377-3440; Wyle 512-345-
8853,214-235-9953,713-879-9953,800-888-
9953 
Utah: Alliance 505-292-3360; Allied 801-261-
5244; 8ell801-255-9611; Hall-Mark 801-973-
4737; Wyle 801-974-9953 
Vermont: Alliance 617-756-1910; Allied 
603-883-3006 
Virginia: Alliance 505-292-3360; Allied 
804-363-8862, 703-644-9515 
Washington: Alliance 505-292-3360; Allied 
206-547-2827; Bell 206-867-5410,213-826-6778; 
Hall-Mark 206-547-0415; Wyle 206-881-1150 
Wisconsin: Alliance 505-292-3360; Allied 414-
796-1280; 8eIl414-547-8879; Hall-Mark414-
797-7844; Pioneer 414-784-3480 
Canada: Future 514-694-7710,613-820-8313, 
416-638-4771,604-294-1166,403-436-2858,416-
612-9200; Zentronics 403-482-3038,604-273-
5575,403-295-8838,416-564-8600,613-226-
8840,418-654-1077,204-694-1957,514-737-
9700,416-798-7710,416-564-9600 



International Direct Sales Offices 
Austria: (222) 885504-0 
Belgium: (03) 237 1672 
Denmark: (42) 84 58 00 
France: (I) 46 66 25 25, 76 419183 
Germany: 089/57 005-0, 030/391 90 35, 
04181/8051,0221/686006,0711/88 1133 

I nternational Distributors 
Australia: N.S.D. Australia (3) 8900970, (2) 
646-5255, (7) 845-1911, (8) 211-8499 
Austria: A. D.E. C. (0222) 88 92 876-0, 
RS-Componenets (02852) 505 
Belgium: Betea (02) 725 1080, TEXIM 
ELECTRONICS 102) 460 52 82 
Brazil: Hicad Sistemas Ltda. (II) 531-9355 
Bulgaria: K2 ELECTRONICS (92) 890412 
Czechoslovakia: AMTEK SPOL. S.R.O. (5) 750 
988, TESLA PIESTANY (838) 522306 
Denmark: MER-EL AlS (42) 57 10 00 
Finland: Oxxo Oy 90-3455 377 
France: DIMACEL COMPOSANTS (1) 40 87 70 
00, AVNET Diffusion (1) 49 65 26 26, RS 
COMPONENTS 44 84 72 72, SCAIB (1) 46 87 
2313 
Germany: SASCO GmbH 089/46 "-0, 
Semitron 07742/80 01-0, SPOERLE Elektronic 
06103/304-0,0341/592322 
Greece: MICRELEC (1) 539 02 69 
Hong Kong: General Engineers 8339013 
Tektron Electronics (HK) Ltd. 388-0629 

EUROPEAN HEADQUARTERS 

India: (812) 586301 
Israel: (052) 91 I 415 
Italy: (2) 665 00 120, (I 1) 2487 789, (6) 86 200 
306 
Japan: (3) 32636826, (6) 3721814 
Korea: (2) 554-3301 

Hungary: SMD Technology KFT(1') 18958 15 
India: Analog Sales (212) 342150, (11) 6862460, 
(812) 560506 
Italy: DeMico (2) 95343600, Hellis S.A.S. (536) 
804104, LA Tecknica Due (II) 2425905, 
Pantronic S.R.L. (6) 6276209, Special-Ind (2) 
66805177, Tecknica Due (438) 555447 

Korea: Tong Baek Electronics (2) 715-6625, 
Analog World (2) 7015993 

Malaysia: Excelpoint Systems (PTE) Ltd. 
03-244B929 
Mexico: Canadien (83) 652020 
Netherlands: TEXIM ELECTRONICS B. V. 
(05427) 333 33, TME Components B. V. 
073-211010 
New Zealand: N,S.D, Australia (61 3) 8900970 
Norway: BIT ELEKTRONIKK 02 98 13 70 
People's Republic of China - Beijing: 
Excelpoint Company Limited, (1) 500 7788, Ext 
1625 
Poland: ALFINE (61) 301 450 

Netherlands: (1620) 815 00 
Sweden: (8) 282 740 
Switzerland: (I) 8200102, (21) 803 25 50 
Urited Kingdom: 0932 25 33 20, 0506 30306, 
0932246200 

Romania: TOP 9+ (400) 12787 
Portugal: ATD Electronica (I) 847 2200, 
Comelta (1) 942 4 106 
Singapore: Excelpoint Systems PTE 741-8966 
South Africa: Analog Data Products CC(11) 
444-8160 
Russia: ARGUS TRADING LTD. (7095) 945 
2777, TESLA PIESTANY (838) 522306 
Spain: Comelta (1) 7543001, Selco (1) 326 4213 
Sweden: Iniegrerad Elektronik 08-80 46 85 
Switzerland: Eljapex AG (56) 27 57 77 
Taiwan: Andev Technology Co., Ltd. (2) 
763-0910, Jeritronics Ltd, (2) 882 0710, Lite-On 
Inc, (2) 918 6699 
Turkey: ELEKTRO(1) 337 2245 
United Kingdom: Arrow Electronics (UK) 
Limited 0234270777, Avnet-Access 0462 
480888, Jermyn Distribution (0732) 743743, 
Phoenix Electronics Limited 0555 515 66, Polar 
Electronics Limited 0525 377 093 
Yugoslavia: ALMA-ELECTRONIC (41) 428 678, 
ELECTRA (40) 826545 

EdelsbergstraBe 8-10, W-8000 Munchen 21, Germany; Tel: 089/57005-0, Fax: 089/57005-257 

WORLDWIDE HEADQUARTERS 
One Technology Way, P,O, Box 9106, Norwood, MA 02062-9106, U,S.A. 
Tel: (617) 329-4700, (1-800) 262-5643 (U,S.A. only); Twx: (710) 394-6577; Fax: (617) 326-8703; Telex: 924491 
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Product Index 
Alphanumeric by Model Number 

Model Paget Model Paget 

ACI226 .............................. SL 10-5 AD396 .................................. C I 
AC2626 ............................... SL 9-5 AD503 .................................. D 

*AD2S34 ................................. C I AD504 .................................. D 
*AD2S44 ................................. C I AD506 .................................. D 
*AD2S46 ................................. C I ADS07 ............................... A 2-37 
*AD2S47 ................................. C I AD509 ............................... A 2-41 
*AD2S65 ................................. C I AD510 .................................. D 
*AD2S66 ................................. C I AD515 .................................. D 
*AD2S75 ................................. C I ADS15A ......................... ' ..... A 2-45 
*AD2S80A ................................ C I ADS17 ............................... A 2-51 
*AD2S81A ................................ C I AD518 .................................. D 
*AD2S82A ................................ C I AD521 ............................... A 4-17 
*AD2S83 ................................. C I ADS22 ............................... A 4-23 
*AD2S90 ................................. C I AD524 ............................... A 4-27 
*AD2S93 ................................. C I AD526 .......................... . .... A 4-39 
*AD2S99 ................................. C I AD532 ............................... SL 2-9 
*AD2S100 ................................ C I AD533 .................................. D 
*AD2S110 ................................ C I AD534 .............................. SL 2-15 
*AD28mspOl .............................. C I AD535 .................................. D 
* AD28msp02 .............................. C I ADS36A .............................. SL 4-7 
ADlOl .................................. D AD537 ................................. C II 
AD201 .................................. D AD538 .............................. SL 2-23 
AD202 ................................ A 5-7 ADS39 ........................... AV, SL 2-27 
AD203SN ............................. A 5-19 AD542 ............................... A 2-57 
AD204 ................................ A 5-7 AD544 ............................... A 2-57 

*AD206 ............................... A 5-31 AD545 .................................. D 
AD208 ............................... A 5-41 AD545A .............................. A 2-65 
AD210 ............................... A 5-55 ADS46 ............................... A 2-69 
AD230 .................................. C I AD547 ............................... A 2-57 

*AD231 .................................. C I AD548 ............................... A 2-81 
*AD231A ................................. C I AD549 ............................... A 2-89 
*AD232 .................................. C I AD557 .................................. C I 
*AD232A ................................. C I AD558 .................................. C I 
*AD233 .................................. C I AD561 .................................. C I 
*AD233A ................................. C I AD562 .................................. C I 
*AD234 .................................. C I AD563 .................................. C I 
*AD235 .................................. C I AD565A ................................. C I 
*AD236 .................................. C I AD566A ............. , ................... C I 
*AD237 .................................. C I AD567 .................................. D 
*AD238 .................................. C I AD568 .................................. C I 
*AD239 .................................. C I AD569 .................................. C I 
*AD241 .................................. C I ADS70 ................................. C II 
AD301 .................................. D AD571 ................................. C II 
AD346 ................................. C II AD572 ................................. C II 
AD363 ................................. C II AD573 ................................. C II 
AD364 ................................. C II ADS74A ............................... C II 
AD365 ................................ A 4-9 AD575 ................................. C II 
AD380 ............................... A 2-31 ADS78 ................................. C II 
AD389 ................................. C II AD579 ................................. C II 
AD390 .................................. C I ADS80 ................................. C II 
AD394 .................................. C I 
AD395 .................................. C I 

AD581 ................................. C II I!II 
ADS82 ................................. CII_ 

*New product. 
t A = Amplifier Reference Manual; AV = AudiolVideo Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheel; ; SL = Special Linear Reference Manual. 
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Model Paget Model Paget 

AD583 ................................. C II *AD680 ................................. C II 
AD584 ................................. C II *AD682 ................................. C II 
AD585 ................................. C II AD684 ................................. C II 
AD586 ................................. C II *AD688 ................................. C II 
AD587 ................................. C II AD689 .................................. D 
AD588 ................................. C II AD693 .............................. SL 10-39 
AD589 ................................. C II AD694 .............................. SL 10-51 
AD590 ............................... SL 9-7 AD704 .............................. A 2-137 
AD592 .............................. SL 9--17 AD705 .............................. A 2-145 
AD594/595 ............................ SL 10-9 AD706 .............................. A 2-153 
AD596/597 ........................... SL 10-17 AD707 .............................. A 2-161 
AD598 .............................. SL 10-23 AD708 .............................. A 2-169 

*AD600 ............................ AV, SL 3-7 AD711 ........................... AV, A 2-177 
*AD602 ............................ AV, SL 3-7 AD712 ........................... AV, A 2-189 
* AD606 .............................. SL 3-25 AD713 ........................... AV, A 2-201 
AD611 .................................. D *AD720 ............................ AV, SL 7-9 

*AD620 ............................... A 4-51 *AD730 .............................. SL 7-13 
*AD621 ............................... A 4-67 *AD734 ........................... AV, SL 2-55 
AD624 ............................... A 4-71 AD736 .............................. SL 4-31 
AD625 ............................... A 4-83 AD737 .............................. SL, 4-39 

* AD626 ................................ A 4-95 AD741 .............................. A 2-213 
AD630 .............................. SL 2-35 AD743 .............................. A 2-217 
AD632 .............................. SL 2-43 AD744 .............................. A 2-229 

*AD633 ........................... AV, SL 2-47 *AD745 .............................. A 2-241 
AD636 .............................. SL 4-15 AD746 .............................. A 2-253 
AD637 .............................. SL 4-23 *AD766 .................................. C I 
AD639 ............................... SL 7-5 AD767 .................................. C I 
AD640 .............................. SL 3-31 AD770 ................................. C II 
AD642 .............................. A 2-101 *AD773 .............................. AV, C II 
AD644 .............................. A 2-107 *AD774B ................................ C II 
AD645 .............................. A 2-113 *AD776 ................................. C II 
AD647 .............................. A 2-121 AD779 ................................. C II 
AD648 .............................. A 2-127 *AD781 ................................. C II 
AD650 ................................. C II *AD783 ................................. C II 
AD65 I .................................. D AD790 ................................ A 3-5 
AD652 ................................. C II *AD795 .............................. A 2-261 
AD654 ................. ' ................ C II *AD796 .............................. A 2-267 

*AD660 .................................. D *AD797 .............................. A 2-271 
AD664 ..................... '.' ........... C I *AD800 .............................. SL 7-19 
AD667 .................................. C I *AD802 .............................. SL 7-19 
AD668 .................................. C I *AD805 .............................. SL 7-23 

*AD669 .................................. C I *AD81O .............................. A 2-277 
AD670 ................................. C II *AD811 ........................... AV, A 2-281 
AD671 ................................. C II *AD817 .............................. A 2-295 
AD673 ................................. C II * AD820 .............................. A 2-299 
AD674A ................................ C II * AD822 .............................. A 2-299 

*AD674B ................................ C II AD827 ........................... AV, A 2-301 
*AD675 .................................. C II AD829 ........................... AV, A 2-309 
*AD676 ................................. C II *AD830 .............................. A 2-321 
*AD677 .................................. D AD834 ........................... AV, SL 2-67 
AD678 ................................. C II AD840 ........................... AV, A 2-327 
AD679 ................................. C II AD841 ........................... AV, A 2-335 

*New product. 
t A = Amplifier Reference Manual; AV = AudiolVideo Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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AD842 ........................... A V, A 2-343 AD2004 .................................. D 
AD843 ........................... AV, A 2-351 AD2006 .................................. D 
AD844 ........................... AV, A 2-363 AD2010 ................................. C I 
AD845 ........................... A V, A 2-375 AD2020 .................................. D 
AD846 ........................... AV, A 2-383 AD2021 ................................. C I 
AD847 ........................... AV, A 2-395 AD2026 ................................. C I 
AD848 ........................... AV, A 2-407 AD2700 ................................ C II 
AD849 ........................... AV, A 2-407 AD2701 ................................ C II 

*AD880 ............................... SL 5-5 AD2702 ................................ C II 
AD890 ............................... SL 5-7 AD2710 ................................ C II 
AD891 ............................... SL 5-9 AD2712 ................................ C II 
AD891A ............................. SL 5-11 AD5200 Series ............................. D 
AD892 .............................. SL 5-13 ADS210 Series ............................. D 

*AD896 .............................. SL 5-15 ADS539 .......................... AV, A 2-415 
*AD897 .............................. SL 5-27 *AD7001 ................................. C I 
*AD899 .............................. SL 5-29 *AD7002 ................................ C I 

AD1139 ................................. C I *AD7005 ................................. C I 
AD1I54 ................................ C II *AD7008 ................................. C I 
AD1I70 ................................ ell AD7110 .................................. D 
AD1I75 .................................. D AD71ll .............................. AV, C I 
AD1315 .............................. SL 6-7 AD7118 .............................. AV, C I 

*ADI317 .............................. SL 6-15 AD7224 ................................. C I 
*ADI320 .............................. SL 6-27 AD7225 ................................. C I 
AD1321 .............................. SL 6-33 AD7226 ................................. C I 
AD1322 .................................. D AD7228 ................................. C I 

*AD1324 .............................. SL 6-45 * AD7228A ................................ C I 
AD1334 ................................ ell *AD7233 ................................. C I 

*AD1341 ................................ ell AD7237 ................................. C I 
AD1362 ................................ ell AD7240 .................................. D 
AD1376 ................................ ell *AD7242 ................................. C I 
ADI377 ................................ ell *AD7243 ................................. C I 

*AD1378 ................................ ell *AD7244 ................................. C I 
AD1380 ................................ ell AD7245 ................................. C I 

*AD1382 ................................ ell *AD7245A ................................ C I 
*AD1385 ................................ ell AD7247 ................................. C I 

ADl403/1403A ............................ C II AD7248 ................................. C I 
*AD1671 ................................ ell * AD7248A ................................ C I 
*ADl674 ................................ ell *AD7306 ................................. C I 
*AD1849 .................................. D AD7341 ................................. C I 
*AD1851 .............................. AV, C I AD7371 ................................. C I 
AD1856 .............................. AV, C I AD7501 ................................ ell 
ADI860 .............................. AV, C I AD7502 ................................ ell 

*ADl861 .............................. AV, C I AD7503 ................................ ell 
*AD1862 .............................. AV, C I AD7506 ................................ ell 
*AD1864 .............................. AV, C I AD7507 ................................ ell 
*AD1865 .............................. AV, C I AD75lODI .............................. ell 
*AD1866 .............................. AV, C I AD75 liD! .............................. C II 
*AD1868 .............................. AV, C I AD7512DI .............................. C II 
*AD1876 ............................. AV, C II AD7520 .................................. D 
*ADl878 ............................. AV, C II AD7521 .................................. D 
*ADl879 ............................. AV, C II 
*AD1885 ................................. AV 

AD7522 .................................. D II 
AD7523 .................................. D 

'New product. 
t A = Amplifier Reference Manual; AV = AudioNideo Reference Manual; C I = Data Converwr Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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AD7524 ................................. C I *AD7775 ................................ ell 
AD7525 .................................. D *AD7776 ................................ ell 
AD7528 ................................. C I *AD7777 ................................ ell 
AD7530 .................................. D *AD7778 ................................ ell 
AD7531 .................................. D AD7820 ................................ C II 
AD7533 ................................. C I AD782 I ................................ C II 
AD7534 ................................. C I AD7824 ................................ C II 
AD7535 ................................. C I AD7828 ................................ ell 
AD7536 ................................. C I *AD7837 ................................. C I 
AD7537 ................................. C I AD7840 ................................. C I 
AD7538 ................................. C I AD7845 ................................. C I 
AD7541 .................................. D AD7846 ................................. C I 
AD754lA ................................ C I *AD7847 ................................. C I 
AD7542 ................................. C I AD7848 ................................. C I 
AD7543 ................................. C I *AD7868 ................................ C II 
AD7545 ................................. C I *AD7869 ................................ ell 
AD7545A ................................ C I AD7870 ................................ ell 
AD7546 .................................. D AD7871 ................................ ell 
AD7547 ................................. C I AD7872 ................................ ell 
AD7548 ................................. C I *AD7874 ................................ ell 
AD7549 ................................. C I *AD7875 ................................ ell 

*AD7564 ................................. C I *AD7876 ................................ C II 
*AD7568 ................................. C I AD7878 ................................ ell 
AD7569 ................................ ell *AD7880 ................................ ell 
AD7572 ................................ ell *AD7884 ................................ ell 

*AD7572A ............................... ell *AD7885 ................................ ell 
AD7574 ................................ ell *AD7886 ................................ C II 
AD7575 ................................ ell *AD7890 ................................ C II 
AD7576 .................................. D *AD7891 ................................ ell 
AD7578 ................................ ell *AD7892 ................................. C II 
AD7579 ................................ ell *AD7893 ................................ ell 
AD7580 ................................ C II AD9000 ................................ ell 
AD7581 ................................ C II AD9002 ................................ ell 
AD7582 ................................ C II AD9003 ................................ ell 

*AD7586 ................................ C II *AD9003A ................................. D 
AD7590DI ... ........................... C II *AD9005A ............................... ell 
AD759lDI .............................. C II AD9006 ................................ C II 
AD7592DI .............................. C II *AD9007 .................................. D 
AD7628 ................................. C I AD9012 ................................ ell 
AD7669 ................................ ell *AD9014 ................................ ell 
AD7672 ................................ ell AD9016 ................................ ell 

*AD7701 ................................ C II *AD9020 ............................. AV, C II 
*AD7703 ................................ C II AD9028 ................................ C II 
*AD7710 ................................ C II *AD9032 ................................ C II 
*AD771 I ................................ C II *AD9034 ................................ C II 
*AD7712 ................................ C II AD9038 ................................ ell 
*AD7713 ................................ ell * AD9040 ................................ C II 

AD7716 (AD79024) ......................... C II AD9048 ............................. AV, C II 
AD7769 ................................ C II * AD9058 ................................ C II 
AD7772 .................................. D *AD9060 ............................. AV, C II 

* AD7773 ................................ C II *AD9100 ................................ ell 
*AD7774 ................................ C II *AD910l .................................. D 

*New product. 
t A ~ Amplifier Reference Manual; AV ~ AudioNideo Reference Manual; C I ~ Data Convert£r Reference Manual, Volume I; C II ~ Data Crmvert£r Reference 
Manual, Volume II; D ~ Data Sheet; ; SL ~ Special Linear Reference Manual. 
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AD9300 ............................. AV, C II *ADC-912A .............................. C II 
AD9500 .............................. SL 6-57 ADCI130/1131 ............................. D 
AD9501 .............................. SL 6-67 ADC1I40 ............................... C II 
AD9502 .................................. D ADC1143 ................................. D 

*AD9505 .............................. A 6-79 AD DAC-08 ............................... D 
AD9610 .............................. A 2-431 AD DAC71 ............................... D 
AD9611 .................................. D AD DAC72 ............................... D 
AD9617 .............................. A 2-439 AD DAC80 ............................... C I 
AD9618 .............................. A 2-447 AD DAC85 ............................... C I 

*AD9620 .............................. A 2-455 AD DAC87 ............................... C I 
AD9630 .............................. A 2-461 *ADDS-21XX-SOFTWARE ..................... D 
AD9686 .................................. D *ADDS-21XX-EZ ............................ D 
AD9696 .............................. A 3-13 *ADDS-2100A-ICE ........................ AV, D 
AD9698 .............................. A 3-13 *ADDS-21XX-ICE ........................... D 
AD9701 ................................. C I *ADDS-2IXXX-SOFTWARE .................... D 
AD9712 ................................. C I *ADDS-2IXXX-EZ ........................... D 

*AD9712B ................................. D ADEB770 ................................ D 
AD9713 ................................. C I ADG201A ............................... C II 

*AD9713B ................................. D ADG20lHS .............................. C II 
*AD9720 ................................. C I ADG202A . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... C II 
*AD9721 ................................. C I ADG211A ............................... c: II 
AD9768 ................................. C I ADG212A ............................... C II 
AD9901 ................................. C I ADG22 I ................................ C II 

*AD9950 ................................. C I ADG222 ................................ ell 
*AD22001 ............................. SL 11-5 *ADG408 ................................ C II 
*AD22002 ............................. SL 11-5 * ADG409 ................................ C II 
*AD22030 ............................. SL 11-6 *ADG411 ................................ C II 
*AD22050 ............................. SL 11-6 *ADG412 ................................ C II 
*AD22055 ............................. SL 11-7 *ADG441 ................................ C II 
*AD22100 ............................. SL 11-7 *ADG442 ................................ C II 
*AD22150 ............................. SL 11-8 *ADG444 ................................ C II 
*AD22180 ............................. SL 11-8 *ADG445 ................................ C II 
*AD22181 ............................. SL 11-9 ADG506A ............................... C II 
AD75004 ................................ C I ADG507 A ............................... C II 

*AD75019 ................................ C II ADG508A ............................... C II 
* AD75062 ............................. A 4-107 ADG509A ............................... C II 
*AD7S068 ............................. A 4-107 ADG526A ............................... C II 
*AD75069 ................................ C I ADG527 A ............................... C II 
*AD75089 ................................ C I ADG528A ............................... C II 
*AD75090 ................................ C I ADG529A ............................... C II 
*AD79024 (AD7716) ......................... C II AD OP-07 ............................ A 2-467 
AD96685 .............................. A 3-21 AD OP-27 ............................ A 2-473 
AD96687 .............................. A 3-21 AD OP-37 ............................ A 2-481 
AD ADC71 .............................. C II ADSP-lOO8A .............................. D 
AD ADC72 ............................•. C II ADSP-I009A .............................. D 
AD ADC80 .............................. C II ADSP-I010A .............................. D 
AD ADC84 .............................. C II ADSP-I0I0B .............................. D 
AD ADC85 .............................. C II ADSP-1012A .............................. D 

*ADC-170 ................................ C II ADSP-I016A .............................. D 
ADC-908 ................................. D ADSP-I024A .............................. D 
ADC-910 ................................ C II 
ADC-912 .. ; .............................. D 

ADSP-1080A .............................. D II 
ADSP-108IA .............................. D 

"New product. 
t A = Amplifier Reference Manual; AV = AudioNideo Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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ADSP-llOI ............................... D 
ADSP-l110A .............................. D 
ADSP-1401 ................................ D 
ADSP-1402 ............................... D 
ADSP-141O ............................... D 
ADSP-2100 ............................ AV, D 
ADSP-2100A .................... AV, C I, SL 12-2 
ADSP-2101 ..................... AV, CI, SL 12-Z 
ADSP-2102 ..................... AV, C I, SL lZ-2 

*ADSP-ZIOS ........................ C I, SL lZ-Z 
*ADSP-2106 ........................ C I, SL 12-Z 
*ADSP-2111 ..................... AV, C I, SL-12-2 
*ADSP-Z1l2 ........................ C I, SL lZ-2 
*ADSP-21mspSO ...................... C I, SL lZ-Z 
*ADSP-21mspSl ...................... C I, SL 12-2 
ADSP-3128A .............................. D 
ADSP-3201 ............................... D 
ADSP-3202 ............................... D 
ADSP-3ZIO ............................... D 
ADSP-3ZI1 ............................... D 
ADSP-3212 ............................... D 
ADSP-3220 ............................... D 
ADSP-32Z1 ................................ D 
ADSP-3222 ............................... D 

*ADSP-ZIOIO ........................ D, SL 12-2 
*ADSP-21020 .................... AV, C I, SL 12-2 
*ADVlOl ................................. C I 
ADV4S3 ............................. AV, C I 
ADV471 ............................. AV, C I 

*ADV473 ................................. C I 
*ADV47S ................................. C I 
ADV476 ............................. AV, C I 

*ADV477 ................................. C I 
ADV478 ............................. AV, C I 

*ADV7120 ............................. AV, C I 
*ADV7121 ............................. AV, C I 
*ADV712Z ............................. AV, C I 
*ADV7141 ............................. AV, C I 
*ADV7146 ............................. AV, C I 
*ADV7148 ............................. AV, C I 
*ADV71S0 ................................ C I 
*ADV71S1 ................................ C I 
*ADV7152 ................................ C I 
ADVFC32 ................... ' ...... ' ...... C II 

*ADXL02 ............................. SL 11-9 
*ADXLSO ...................... SL 7-27, SL 11-10 
AMP-Ol .............................. A 4-11S 
AMP-02 ..............•.•............. A 4-137 
AMP-03 ........•..................... A 4-149 

*AMP-04 ............................... A 4-159 
AMP-OS .............................. A 4-165 
ASICs .......................... A 6-1, SL 13-1 
BUF-03 .............................. A 2-489 

*New product. 

Model Paget 

CAV·1210 ......... '.' ...... " ............. D 
CMP-OI .............................. A 3-27 
ClMP-OZ .............................. A 3-3S 
CMP-04 .............................. A 3-43 
CMP-OS ...... .' ....................... A 3-51 
CMP-08 .................................. D 
CMP-404 ................................. D 
DAC-QS ................................. D 
DAC-QZ ................................. D 
DAC-Ol .................................. D 
DAC-02/03 ................................ D 
DAC-OS .................................. D 
DAC-06 .................................. D 
DAC-08 ................................. C I 
DAC-IO ................................. C I 
DAC-12QS ................................ D 

*DAC-16 ................................. C I 
DAC-20 ............................ '" ... D 
DAC71n2 (see AD DAC71n2) 
DAC80 (see AD DAC80) 
DAC85 (see AD DAC8S) 
DAC-86 .................................. D 
DAC87 (see AD DAC87) 
DAC-88 .................................. D 
DAC-89 ., ................................ D 
DAC-1OO ................................. C I 
DAC-ZIO ................................. D 
DAC-312 ................................. C I 
DAC-888 ................................. D 
DACl136 ................................. D 
DACll38 ............ , .................... D 
DAC1l46 ................................. D 
DAC-1408A ............................... D 
DAC-1S08A ............................... D 
DAC-8012 ............................... C I 
DAC-8043 ............................... C I 
DAC-8143 ............................... C I 
DAC-8212 ................................ D 
DAC-8221 ............................... C I 
DAC-8222 ............................... C I 
DAC-8228 ............................... C I 
DAC-8ZZ9 ............................... C I 
DAC-8248 ............................... C I 
DAC-8408 ............................ AV, C I 
DAC-8412 ............................... C I 

*DAC-8413 ............................... C I 
*:DAC-8420 ................................ D 

DAC-8426 ............................... C I 
DAC-8800 ............................ AV, C I 
DAC-8840 ............................ AV ,C I 

*DAC-8841 ............................ AV, C I 
DASllS2 ............................... C II 
DASllS3 ................................. D 

t A = Amplifier Reference Manual; AV = AudioNideo Reference Manual; C 1= Daw Converrer Reference Man""l, Volume I; C II = Daw Converrer Reference 
Man""l, Volume II; D = Data Shut; ; SL = Special Linear Reference Manual. 

17~6 PRODUCT INDEX 



Model Paget Model Paget 

DASI157 ................................. D OP-65 ................................... D 
DASI158 ............................... C II OP-77 ............................... A 2-715 
DASI159 ............................... C II OP-80 ............................... A 2-727 
DRCI745 ................................ C I OP-90 ............................... A 2-739 
DRCI746 ................................ C I OP-97 ............................... A 2-751 
HDS-1240E ............................... D OP-111 .................................. D 
HDS-1250 ................................ D *OP-l13 .............................. A 2-761 
HOS-050A ................................ D OP-147 .................................. D 
HOS-060 ................................. D OP-150 .................................. D 
HTC-0300A ............................... D *OP-160 .............................. A 2-765 
HTS-OOIO ................................ D OP-166 .................................. D 
HTS-0025 ................................ D *OP-176 .............................. A 2-789 

*IPA1764 ................................. C I OP-l77 .............................. A 2-791 
JM38510/11301l11302 ......................... D OP-200 .............................. A 2-803 
LIU-Ol ................................. C I OP-207 .............................. A 2-813 
MAT-Ol .............................. SL 8-5 *OP-213 .............................. A 2-761 
MAT-02 ............................. SL 8-11 OP-215 .............................. A 2-819 
MAT-03 ............................. SL 8-23 OP-220 .............................. A 2-827 
MAT-04 .......................... AV, SL 8-33 OP-221 .............................. A 2-835 
MUX-08 ................................ C II OP-227 .............................. A 2-843 
MUX-16 ................................ C II OP-249 ........................... AV, A 2-855 
MUX-24 ................................ C I OP-260 ........................... AV, A 2-873 
MUX-28 ................................ C II OP-270 .............................. A 2-893 
MUX-88 ................................. D OP-271 ........................... AV, A 2-909 
OP-Ol ............................... A 2-497 *OP-275 ........................... AV, A 2-919 
OP-02 ............................... A 2-503 *OP-282 .............................. A 2-927 
OP-04 ............................... A 2-511 *OP-285 .............................. A 2-939 
OP-05 ............................... A 2-519 OP-290 .............................. A 2-943 
OP-06 ............................... A 2-529 *OP-295 .............................. A 2-953 
OP-07 ............................... A 2-537 *OP-297 .............................. A 2-959 
OP-08 .................................. D OP-400 .............................. A 2-975 
OP-09 ............................... A 2-547 *OP-413 .............................. A 2-761 
OP-lO ............................... A 2-555 OP-420 .............................. A 2-987 
OP-11 ............................... A 2-547 OP-421 .............................. A 2-993 
OP-12 ............................... A 2-567 *OP-467 .............................. A 2-999 
OP-14 ............................... A 2-511 OP-470 ............................. A 2-1005 
OP-15 ............................... A 2-571 OP-471 .......................... AV, A 2-1021 
OP-16 ............................... A 2-571 *OP-482 .............................. A 2-927 
OP-17 ............................... A 2-571 OP-490 ............................. A 2-1037 
OP-20 ............................... A 2-585 *OP-495 .............................. A 2-953 
OP-21 ............................... A 2-591 *OP-497 ............................. A 2-1049 
OP-22 ............................... A 2-597 *OSC1758 ................................ C I 
OP-27 ............................... A 2-609 PKD-Ol .......................... AV, SL 7-33 
OP-32 ............................... A 2-621 PM-0828 ................................. D 
OP-37 ............................... A 2-633 PM-I08 ............................. A 2-1061 
OP-41 ............................... A 2-645 PM-lll/211 ............................ A 3-59 
OP-42 ............................... A 2-657 PM-119/219 ............................... D 
OP-43 ................................... D PM-139 ............................... A 3-65 
OP-44 ................................... D PM-148/248 ............................... D 
OP-50 ............................... A 2-671 PM-ISS .................................. D 
OP-61 ............................ AV, A 2-683 
OP-64 ............................ AV, A 2-701 

PM-155A ............................ A 2-1065 .. 
PM-156 .................................. D ... 

-New product. 
t A = AmpliJkr Reference Manual; AV = AudiolVideo Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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PM-156A ............................ A 2-1065 SMP-Sl .................................. D 
PM-157 .................................. D SSM-2013 ................................ AV 
PM-157A ............................ A 2-1065 SSM-2014 ................................ AV 
PM-211 ............................... A 3-59 SSM-2015 ................................ AV 
PM-239 ............................... A 3-65 SSM-2016 ......................... AV, A 4-1S5 
PM-248 .................................. D SSM-2017 ......................... AV, A 4-193 
PM-355 .................................. D SSM-2018 ................................ AV 
PM-356 .................................. D SSM-2024 ................................ AV 
PM-562 .................................. D SSM-2l00 ................................ D 
PM-725 .................................. D SSM-2110 ................................ AV 
PM-741 .................................. D SSM-2120 ................................ AV 
PM-747 .................................. D SSM-2122 ................................ AV 
PM-I008 ................................. D SSM-212S ................................ AV 
PM-IOl2 ............................ A 2-1065 SSM-2126 ................................ AV 
PM-2l08 ............................ A 2-1061 SSM-2131 ................................ AV 

*PM-6012 ................................ C I SSM-2132 ................................ D 
PM-7224 ................................ C I SSM-2134 ................................ AV 
PM-7226 ................................ C I SSM-2139 ................................ AV 
PM-7226A ............................... C I SSM-2141 ......................... AV, A 4-201 
PM-7524 ................................ C I SSM-2142 ......................... AV, A 4-207 
PM-752S ................................ C I *SSM-2143 ......................... AV, A 4-213 
PM-7533 ................................ C I SSM-2210 ................................ AV 
PM-7541 ' ................................. D SSM-2220 ................................ AV 
PM-7541A ............................... C I SSM-2300 ................................ D 
PM-7542 ................................ C I SSM-2402 ............................ AV, C II 
PM-7543 ................................ C I *SSM-2404 ............................ AV, C II 
PM-7545 ................................ C I SSM-2412 ............................ AV, C II 
PM-754S ................................ C I SW-Ol ................................... D 
PM-7574 ................................. D SW-02 ................................... D 
PM-762S ................................ C I SW-06 ................................. C II 
PM-7645 ............................•... C I SW-201 ................................. C II 
REF-Ol ................................. C II SW-202 ................................. C II 
REF-02 ................................ C II SW-7S10 ................................. D 
REF-03 ................................. C II SW-7511 ................................. D 
REF-05 ................................. C II *TMP-Ol ............................. SL 9-25 
REF-OS ................................. C II IB21 ............................... SL 10-63 
REF-IO. ',' .............................. C II IB22 ............................... SL 10-67 
REF-43 ................................. C II IB31 ............................... SL 10--71 
RPT-S2 ................................. C I IB32 ............................... SL 10--79 
RPT-S3 ................................. C I IB41 ............................... SL IO--S7 
RPT-S5 ................................. C I IBSI ............................... SL 10--91 
RPT-86 ................................. C I *IS74 ................................... C I 
RPT-S7 ................................. C I 2B20 ............................... SL 10-95 
SDC1740IRDC1740 ......................... C I 2B22 ............................... SL 10-99 
SDC1741IRDC1741 ......................... C I 2B23 .............................. SL 10--103 
SDC1742IRDC1742 ......................... C I 2B24 .................................... D 
SHA-1l44 ................................ D 2B30 .............................. SL 10--107 
SMP-04 ................................ C II 2B31 .............................. SL 10--107 
SMP-OS ................................ C II 2B34 .................................... D 
SMP-IO ................................ C II 2BSO .............................. SL 10--113 
SMP-ll ................................ C II 2B52 .................................... D 

*SMP-lS ................................ C II 2B53 .................................... D 

*New product. 
t A = Amplifier Reference Manual; AV = AudiolVideo Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume II; D = Data Sheet; ; SL = Special Linear Reference Manual. 
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2B54/2B55 .......................... SL 10-117 920 ..................... C I, C II, A 7-1, SL 14-1 
2B56 .................................... D 921 ..................... C I, C II, A 7-1, SL 14-1 
2B57 .................................... D 922 ..................... C I, C II, A 7-1, SL 14-1 
2B58 .................................... D 923 ..................... C I, C II, A 7-1, SL 14-1 
2B59 .................................... D 925 ..................... C I, C II, A 7-1, SL 14-1 
2S50 ................................... C I 927 ..................... C I, C II, A 7-1, SL 14-1 
2S54 ................................... C I 928 ..................... C I, C II, A 7-1, SL 14-1 
2S56 ................................... C I 940 ..................... C I, C II, A 7-2, SL 14-2 
2S58 ................................... C I 941 ..................... C I, C II, A 7-2, SL 14-2 
2S80A .................................. C I 943 ..................... C I, C II, A 7-2, SL 14-2 
2S81A .................................. C I 945 ..................... C I, C II, A 7-2, SL 14-2 
2S82A .................................. C I 947 ..................................... D 
3B Series ............................. SL 10-3 949 ..................... C I, C II, A 7-2, SL 14-2 
4B Series ................................. D *950 ..................................... D 
5B Series ............................. SL 10-3 953 ..................... C I, C II, A 7-2, SL 14-2 
6B Series ............................. SL 10-3 955 ..................... C I, C II, A 7-1, SL 14-1 

*7B Series ........................... SL 10-123 958 ..................... C I, C II, A 7-2, SL 14-2 
40 ...................................... D 960 ..................... C I, C II, A 7-2, SL 14-2 
171 ..................................... D 962 ..................... C I, C II, A 7-2, SL 14-2 
233 ..................................... D 964 ..................... C I, C II, A 7-2, SL 14-2 
277 ..................................... D 965 ..................... C I, C II, A 7-2, SL 14-2 
281 ................................. A 5-69 966 ..................... C I, C II, A 7-2, SL 14-2 
284J ................................. A 5-63 967 ..................... C I, C II, A 7-2, SL 14-2 
285 ..................................... D 968 ..................................... D 
2861 ................................. A 5-69 970 ..................... C I, C II, A 7-1, SL 14-1 
289 ................................. A 5-75 974 ..................... C I, C II, A 7-1, SL 14-1 
290 ..................................... D 975 ..................... C I, C II, A 7-1, SL 14-1 
290A ................................ A 5-81 976 ..................... C I, C II, A 7-1, SL 14-1 
292 ..................................... D 977 ..................... C I, C II, A 7-1, SL 14-1 
292A ................................ A 5-81 
310 ..................................... D 
426 ..................................... D 
429 ..................................... D 
434 ..................................... D 
436 ..................................... D 
442 ..................................... D 
451 ..................................... D 
453 ..................................... D 
460 ..................................... D 
741A .................................... D 
751 ..................................... D 
755 ................................. SL 3-47 
756 ..................................... D 
757 ..................................... D 
759 ................................. SL 3-47 
902/902-2 ................. C I, C II, A 7-1, SL 14-1 
904 ..................... C I, C II, A 7-1, SL 14-1 
905 ..................... C I, C II, A 7-1, SL 14-1 

*New product. 
t A = Amplifier Reference Manual; AV = AudioNideo Reference Manual; C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference 
Manual, Volume IIj D = Data Sheet; j SL = Special Linear Reference Manual. 
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