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Rochester Electronics
Manufactured Components

Rochester branded components are
manufactured using either die/wafers
purchased from the original suppliers
or Rochester wafers recreated from
the original IP. All recreations are
done with the approval of the OCM.

Parts are tested using original factory
test programs or Rochester developed
test solutions to guarantee product
meets or exceed the OCM data sheet.

Quality Overview

e |SO-9001
¢ AS9120 certification
e Qualified Manufacturers List (QML) MIL-PRF-
35835
e Class Q Military
¢ Class V Space Level
e Qualified Suppliers List of Distributors (QSLD)

* Rochester is a critical supplier to DLA and
meets all industry and DLA standards.

Rochester Electronics, LLC is committed to
supplying products that satisfy customer expecta-
tions for quality and are equal to those originally
supplied by industry manufacturers.

The original manufacturer’'s datasheet accompanying this document reflects the performance
and specifications of the Rochester manufactured version of this device. Rochester Electron-
ics guarantees the performance of its semiconductor products to the original OEM specifica-
tions. ‘Typical’ values are for reference purposes only. Certain minimum or maximum ratings
may be based on product characterization, design, simulation, or sample testing.

|
© 2013 Rochester Electronics, LLC. All Rights Reserved 07112013

To learn more, please visit www.rocelec.com



ANALOG Low Cost IC
DEVICES  Multiplier Divider Squarer,Square Rooter

AD533

FEATURES

Simplicity of Operation: Only
Four External Adjustrments

Max 4-Ouadrant Error Below 0.5%
{ADB33L])

Low Temperature Drift: 0.01%/°C
{ADB33L)

fMultiplies, Divides, Squares, Square Roots

PRODUCT DESSE
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ltthmt sulm(m chnp E;p«:t.nfaed ac curary 1s e“m]y 30?\1@\:@_ ;
stmnghmmward adjustmient of fwcithmugv_,h output zero,
and gain trim pots. The AD333 multiplies in four quadrants
with a wansfer functon of XY/10V, divides in two quadrants
with a 10VZ/X transfer function, and square roots in one
quadrant with a trapsfer function of — «/10VZ, Several levels
of accursey ard provided: the ADS3I3], AD333K, and
ADS533L, for 0 o +70°C operation, are specified for
maximum multiplying errors of 2%, 1%, and 0. 5% rcapcctivc ly
at #25°C, The AD$33S, for operation from—55"C to + 125 °c,
is guaranteed for a maximum 1% multiplying error at +25°C
The maxirnum error specification is a true measure of ove ml]
accuracy since it includes the effects of offset volrage, feed-
through, scale factor, and nonlinearity in all four guadrants.

The low drift design of the AD533 insures that high accuracy
is maintained with variations in temperatore. The op amp
output provides T10 volts at SmA, and is fully protected
against short ciretits wo ground or ¢ither supply voltage: all
inputs are fully protected against overvoltage transients with
internal series resistors. The devices provide excellent ac
performance, with typical small signal bandwidth of 1,0MHz,
full power bandwiddh of 750kHz, and slew rate of 45V/us,

Information furnished by Analog Devices is believed 1o be accurate

andt reliabde. However, no responsibility is assumed by Analog Devices
for 1ts ues: nor for any infringements of patents or other rights of third One Technology Way, P.O. Box 9106, Narwood, M#A 02062-9106, U.S.A,

parties which may result from 16 use: Mo lcense is granted by implica- Tel:6177329:4700 Fax: §17/326-8703 Two 710/384:-6577
tion or athenwise wnder any patent or patent rights of Analog Devices. Telew: 923451 Cable; ANALOG NORWOODMASS



SPEC‘FI CAT'ONS feypical @ +25°C, externally trimmad and Vg = 215V de unless otherwise specified)
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AD533

MULTIPLIER

Bultiplier oneration is atcomplished by closing the loop
around the internal op amp with the Z input connected to
the outpit.. The Xg null pot balances the X input channel

to minimize Y feedthrough and similarly the Y, pot minimizes
the X feedthrough. The Zg pot nulls the output op amp offset

voltage and the gain pot sets the full scale outpur level.

2k

26, MULTIPLIER

®
§ £10W e

migimum ac uutput
4, Readjust Zy for OV de ourput.
5, With X = +10V de and Y = 20 volts p-p T2

for output = Y.

NOTE: Forbest accurdcy over imited voltage ranges {e.g., +5V)] gain

and feedthrough adjusorments shoild be optimized with the inputs in

the desived range, as linearity is considerably better over smaller ranges

of input.

SQUARER

Squarer operation is a special case of multiplier operation
where the X and ¥ inputs are connected together and two
quadrant operation results since the cutput is always
positive. When the X and ¥'inputs are connected together, a
composite offset results which is the algebraic sum of the

individual offsers which can be nulled using the X potalone.
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TRIM PROCEDURES

1. With X = @ vales, adjust 2, for 0V de output.

2. With X = +10V d¢, adjust gain for £10V de output,

3. Reverse polarity of Xinput and adiust X, to reduce the output
etror £0 Yo s original value, readiust the gain to take cutthe
remaining error.

4. Check the output offser with Input grounded, ¥ nonzers, repeat
the ghove procedure until no errors remain.

DIVIDER

The divide mede unlizes che multiplier in a fed-back
configuration where the Y mput now controls the feedback
factor. With X = full scale, the gain {V /7)) becomes unity
after trimming. Reducing the X input reduces the feedback
around the opamp by a like amount, thereby increasing the
gain. This reciprocal relationship forms the basis of the divide
made. Accuracy and bandwidth decrease as the denom-
inator decreases.
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TR PROCEDURES

kiE pots ar mid-seale.

diode to prevent latuhup Accmmcy, noise and fmquem:y
response are proportional 1o v Z, which implies a wider
usable dynamic range than the di\’ldi: maode,
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TRIM PROCEDURES

1. With Z = +0.1V de, adjust Zg for Output = 1.0V de.

2. With Z = +10.0V de, adjust gain for Ouput = ~10.0V de.

3. With 2= 42,0V de, adjust X for Output = ~4.47 20,1V de.
4. Repeat steps 2 and 3, f necessary. Repeat step 1,




TYPICAL PERFORMANCE CHARACTERISTICS
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Aflowable Signal Swing vs. Supply Voltage
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