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ANALOG
DEVICES

FEATURES

Pretrimmed to +0.5% max Error, 10:1 Denominator
Range (AD535K)

+2.0% max Error, 50:1 Denominator Range (AD535K

All Inputs (X, Y and Z) Differential

Low Cost, Monolithic Construction

APPLICATIONS
General Analog Signal Processing
Differential Ratio and Percentage Computations
ecision AGC Loops
Rooting

trimming over a denominator range of 10:1, +2.0% max error
over a range of 50:1. A maximum error of *1% over the 50:1
denominator range is guaranteed with the addition of two ex-
ternal trims. The AD535 is the first divider to offer fully dif-
ferential, high impedance operation on all inputs, 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 10.00; by means of an external resistor, this can be
reduced by any amount down to 3.

The extraordinary versatility and performance of the AD535
recommend 1t as the first choice in many divider and compu-
tational applications. Typical uses include square-rooting, ratio
computation “pin-cushion” correction and AGC loops as illus-
trated in the applications section of the data sheet. The device
is packaged in a hermetically sealed, 10-pin TO-100 can or 14-
pin TO-116 DIP and made available in a £1% max error version
(J) and a £0.5% max error version (K). Both versions are speci-
fied for operation over the 0 to +70°C temperature range.

Informauon furnished by Analog Devices s believed 1o be accurate
and relizble. However, no responsibility s assumed by Analog Devices
for 115 use; nor for any infringements of patents or other rights of third

parties which may result from its use. No license is granted by implica-
tion or otherwise under any patent or patent rights of Analog Devices.

Internally Trimmed
Integrated Circuit Divider

¢ wafer stage enables the AD535 to
ss Jvj the addition of external

3. Differential inputs on the X
enhance the AD535’s versatility as a g&
computational circuit.

4. Monolithic construction permits low cost and, at the
same time, increased reliability.

1 2 ] 4 5 & - B |
LS 5 [y 0 6 e
X1 X2 NC SF mMC Y1 W2

TO-100
(TOP VIEW)

TO-116
(TOP VIEW)

Route 1 industrial Park; P.O. Box 280; Norwood, Mass. 02062

Tel: 617/3234700 TWX: 710/394-6577
West Coast Texas

213/595-1783 214/231-5094

Mid-West
312/894-3300



SPECIFICATIONS (Vg =+15V, R =2kQ, Ta = +25°C unless otherwise stated)

PARAMETER CONDITIONS AD535] AD535K
o (Z, -Z,)
TRANSFER FUNCTION Figure 2 10 2225 +Y, y
X -X3)
TOTAL ERROR! No External Trims, Figure 2
vsx<iov,z< x| 1.0% max 0.5% max
0.2v<X<iov,z<Ix| 5.0% max 2.0% max
With External Trims, Figure 5
05VSX<10V,Z<IXI 1.0% max 0.5% max
02V<X<10V,Z<IX| 2.0% max 1.0% max
TEMPERATURE COEFFICIENT 1IV<X<10V, Z<| X | 0.01%/°C typ *
0.5V<X<10V,Z<|X]| 0.02%/°C typ .
0.2V<X<10V,Z<|X| 0.05%/°C typ *
SUPPLY RELATED 1IV<X<10V 0.1%/V typ *
Error 05VsX<i10V 0.2%/V typ 2
Nemt1BK 10 ¥16V 02V<X<10V 0.5%/V typ *
SAUARE RO ER No External Trims, Figure 11
TAL ERR V<Z'<10V 0.4% typ *
<Z<10V 0.7% typ *
Ng—"/ / / \ﬂ \\x 5.2/ 5 1otgdN 0k Hz 4.5mV rms typ .
BANDWIDTH Y 74 N\ /] 20kHzup .
INPUT AMPLIFIERS‘
CMRR 50Nz\20V p-p 60dB fni *
Bias Current 2.0u
Offset Current 0.1u b
Differential Resistance 10 typ b3
OUTPUT AMPLIFIER?
Open-Loop Gain f=50Hz 70dB typ *
Small Signal Gain-Bandwidth Vour = 0.1V rms 1MHz typ il
1% Amplitude Error CLoaD = 1000pF 50kHz typ *
Output Voltage Swing Tmin t© Tmax +11V min 2
Slew Rate Vout = 20V p-p 20V/us typ %
Settling Time Vour =20V £1% 2us typ *
Output Impedance Unity Gain, f< 1kHz 0.1 typ *
Wide-band Noise f=10Hz to 5MHz ImV rms typ »
f= 10Hz to 10kHz 90uV rms typ *
OUTPUT CURRENT Tk 10 Topane Rp =0 30mA max *
POWER SUPPLIES
Rated Performance +15V *

Operating
Supply Current

Quiescent

+8V min, 218V max
6mA max

NOTES:
*Specifications same as AD535].

! Figures are given as a percent of full scale (i.e. 1.0% = 100mV),

? Noise may be reduced as shown in Figure 14,

*See Figure 1 for definition of section.

Specifications subject to change without notice.




PHYSICAL DIMENSIONS
Dimensions shown in inches and (mm),
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Internal Power Dissipation

Output Short-Circuit to Ground
Input Voltages, X;, X5, Y;,Y2, 21, Z,

Rated Operating Temp Range

Storage Temp Range
Lead Temp, 60s soldering

PRICING
1-24 25-99
AD535JH  $26.00  $21.00
ADS535JD  $30.00  $25.00
ADS35KH  $36.00  $30.00
ADS35KD  $41.00  $35.00

FUNCTIONAL DESCRIPTION

— -1._
i
0.31 (7.87)

- 3

0.095 (241)

+18V

500mW
Indefinite

*Vg

0 to +70°C
-65°C to +150°C
+300°C

100-999

$16.00
$20.00
$24.00
$29.00

Figure 1 is a functional block diagram of the ADS§35. Inputs
are converted to differential currents by three identical voltage
to current converters, each trimmed for zero offset. The product
of the X and Y currents is generated by a multiplier cell using
Gilbert's translinear technique with an internal scaling voltage.

The difference between XY/SF and Z is applied to the high gain
output amplifier. The transfer function can then be expressed...

Xy =X2) (Y =V, )
VOUT=A[( R L TOW -(21-22)]

SF

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

at dc

X, Y, Z = input voltages

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 10V, Dividing both sides of the equation by A

and solving the VoyT, we get...

(Zy - 1)

Vi =10V ———
ouT (x X‘Z )

s O————————d HREFERENCE
AND BIAS

TRANSLINEAR
MULTIPLIER
ELEMENT

STABLE —————————0 +vs

\\I

-l —

SOURCES OF ERROR

scale factor (which are trimmable) as shown in the generalzzcd

equation...

Vour = (SF + ASF) [

Figure 1 nctionallB

(Z; -Z1) + Zps
(X; -X3)+Xos

]+ Y, +Yos

Note especially that divider error is inversely proportional to

X, that is, the error increases rapidly with decreasing denomi-
nator values. Hence, the AD535 divider error is specified over

several denominator ranges on page 2. (See also Figure 12,
ADS535 Total Error as a function of denominator values.)

Overall accuracy of the AD535 can be significantly improved
by nulling out X and Z offset as described in the applications
sections. Figure 13 illustrates a factor of 2 improvement in

accuracy with the addition of these external trims. The remain-

ing errors stem primarily from scale factor error and Y off-
sets which can be trimmed out as shown in Figure 6.

Figure 14 illustrates the bandwidth and noise relationships
versus denominator voltage. Whereas noise increases with
decreasing denominator, bandwidth decreases, the net result

given by the expression...
1.26

o)

Engyt (wideband) =

mV rms



External filtering can be added to limit output voltage noise
even further. In this case...

Enour (B.W. externally limited) = %XE mV rms
%
where f = bandwidth in MHz of an external filter whose band-
width is less than the noise bandwidth of the AD535. Table 1

provides calculated values of the typical output voltage noise,
both filtered and unfiltered for several denominator values.

Noise Limited by

Noise External Filtering
X 10Hz to 5MHz 10Hz to 10kHz
0.2V " 8.9mV rms 4.5mV rms
0.5V 5.6mV rms 1.8mV rms
1V 4.0mV rms 0.9mV rms
1.3mV rms 0.09mV rms

(X MUST BE
POSITIVE}

Figure 3. Differential Divider Connection

15
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Figure 4. Divider Connection for Negative X Inputs

Negative denominator inputs are handled as shown in Figure 4.
Note that in either configuration, operation is limited to two
quadrants (i.e. Z is bipolar, X is unipolar).

A factor of two improvements in accuracy is possible by
trimming the X and Z offsets as illustrated in Figure 5. To
trim, set X to the smallest denominator value for which accu-
rate computation is required (i.e., X = 0.2V). With Z =0,
adjust the Zg trim for VoyT = 0. Next, adjust the Xgp trim
for the best compromise when Z = +X (Voyt = +10V) and

Z = -X (Vour = -10V). Finally, readjust Zg for the best
compromise at Z = +X, Z = -X and Z = O. The remaining error
(Figure 13) consists primarily of scale factor error, output
offset and an irreducible nonlinearity component.

e S R

A T

O Vour

values between 10.0

in series with a potentiometer
proximate value of the total resistance fo
SF is given by the relationship:

SF
10 - SF

Rsp = 54K

Due to device tolerances, allowance should be made to vary
Rgp £25% using the potentiometer. Note that the peak signal
is always limited to 1.25 SF (i.e. 5V for SF = 4).

The scale factor may also be adjusted using a feedback attenua-
tor between Vout and Y2 as indicated in Figure 6. The input
signal range is unaffected using this scheme.

Scale factor and output offset error can be minimized utilizing
the four trim circuit of Figure 6. Adjustment is as follows:

1. Apply X = +0.2V (or the smallest required denominator
value), Z = 0 and adjust Zg for Voyr = 0.

2. Apply X =0.2V. Then adjust the Xg trim for the best
compromise when Z = +X (Vgyr = +10V) and Z =
-X (Vour = -10V))

3. Apply X = +10V, Z = 0 and adjust Y for Voyr = 0.
Apply X = +10V. Then adjust the scale factor (SF) trim
for the best compromise when Z = +X (Voyrt = +10V)
and Z = -X (Voyut = -10V).

5. Repeat steps 1 and 2.

Apply X = 0.2V. Then adjust the Z trim for the best
compromise when Z = X (Voyur = +10V), Z = 0 (Voyrt =
0) and Z = -X (VoyTt = -10V).



In typical applications L (expressed in voltage) is roughly equal
to full scale Vi or Vyy. The result is that the expression,

\/_(VIHZ +Vpy? +L2), varies less than 2:1 over the full range
of values of Vi and Vyy.

0 Vour 15V Major sources of divider error associated with small denomina-

ey tor values can thereby the minimized.
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PIN-CUSHION CORRECTION
A pin-cushion corrector eliminates the distortion caused by
flat screen CRT tubes. The correction equations are:

Figure 9. AGC Loop Using the AD536 rms/dc Converter
as a Detector

Vid Figure 10 shows a method for obtaining the time average as
Vou 5= defined by:

J Vig® +Vy? + 12

X= —i‘ /T x de
o

Yiy where T is the time interval over which the average is to be

\/ Vig® + Viy? + L2 taken. (‘Zonv_cntional techniques typically provide only a crude
approximation to the true time average, and furthermore, re-

quire a fixed time interval before the average can be taken. In

Figure 10, the AD535 is used to divide the integrator output

by the ramp generator output. Since the ramp is proportional

to time, the integrator is divided by the time interval, thus

allowing continuous, true time processing of signals over inter-

L is the length of the CRT tube. vals varying by as much as 50:1.

and Vpy

where: Vo and Vgy are the horizontal and vertical output
signals, respectively.
Vig and Vyy are the horizontal and vertical input
signals, respectively.
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