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" MILITARY & DIE -
o VERSIONS
- AVAILABLE

_ Precision e
ANALOG MULTIPLIER R

FEATURES

o +0.25% MAX 4-QUADRANT ERROR
o WIDE BANDWIDTH: 1MHz MIN, 3MHz TYP
e ADJUSTABLE SCALE FACTOR: GAINS TO 100

o STABLE AND RELIABLE MONOLITHIC
CONSTRUCTION

o LOW COST

APPLICATIONS

o PRECISION ANALOG SIGNAL PROCESSING

o VIDED SIGNAL PROCESSING

© VOLTAGE CONTROLLED FILTERS AND OSCILLATORS
o MODULATION AND OEMODULATION :
® RATIO AND PERCENTAGE COMPUTATION

DESCRIPTION

The MPY534 is a high accuracy, general purpose
four-quadrant analog multiplier. Its accurately laser
trimmed transfer characteristics make it easy to use
in a wide variety of applications with a minimum of
external parts and trimming circuitry. Its differential
X, Y and Z inputs allow configuration as a multi-
plier, squarer, divider, square-rooter and other func-
tions while maintaining high accuracy.

The wide bandwidth of this new design allows accu-
rate signal processing at higher frequencies suitable
for video signal processing. It is capable of perform-
ing IF and RF frequency mixing, modulation and
demodulation with excellent carrier rejection and
very simple feedthrough adjustment.

An accurate internal voltage reference provides pre-
cise setting of the scale factor. The differential Z
input allows user selected scale factors from 0.1 to 10
using external feedback resistors.
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SPECIFICATIONS

v
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ELECTRICAL - - - e e
At Ta = +25°C and Vs = £15VDC unless otherwise specified. -
MODEL MPY5344 MPYS534K MPY534L MPY534S MPYSMUT
MINT TYP [Max ] miN | TYP | MAX | MIN| TYP | MAX | MIN | TYP | MAX | MIN | TVYP | MAX |UNITS
MULTIPLIER
PERFORMANCE - - - - L -
Transfer Function * %o~ Xab (¥ — Vo) +2, R . .
10V
Tofal Error™
(—10V <X, Y <+10V) 1.0 +0.5 +0.25 +1.0 * %
Ta = min to max +15 +1.0 +0.5 +20 . .| x0 %
Total Error vs Temperature +0.022 +0.015 10.008 +0.02 +0.01 | %/°C
Scale Factor Error
{SF =10.000V Nominal)® 10.25 +0.1 * +0.25 N %
Temperature Coefficient of '
Scaling Voltage +0.02 +0.01 +0.005 10.02 +0.005 | %/°C
Supply Rejection (+15V £1V) * +0.01 * . * %
Nonlinearity: )
X {X =20V pk-pk, Y =10V) 104 +0.2 | £0.3 30.10 | £0.12 +04 * . %
Y (Y =20V pk-pk, X =10V} . +0.01| +0.1 10.005 * : *. N % .
Feedthrough™
X (Y Nulled, ¥ = 20V
pk-pk, 50Hz) +0.3 10.15| +0.3 40.05 | £0.12 403 * * %
Y (X Nulled, Y = 20V ’
pk-pk, 50Hz) * £0.01| $0.1 +0.003 ¢ * * . %
Output Offset Voltage +5 +30 +2 +15 * +10 45 +30 * * mv
Output Offset Voltage Drift 200 100 ‘ §00 300 | uv/°C
DYNAMICS -
Small Signal BW, -
{Vour = 0.1V rms) * ‘ 1 3 * ¢ * * ‘ * MHz
1% Amplitude Error
(C1oao = 1000pF) ‘ . 50 . * . kHz
Slew Rate (Vour = 20V pk-pk) * 20 . * . Vi
Settling Time
(to 1%, AVour = 20V) * 2 * . . us -
NOISE
Noise Spectral Density:
SF=10V . 08 . . . uvn/hz
Wideband Noise: h
{=10Hz to SMHz * 1 . ¢ ¢ mVrms
= 10Hz to 10kHz - 90 * * * pVrms
CUTPUT
Qutput Voitage Swing * N * * . v
Output Impedance (f < 1kHz) . 0.1 * ¢ * 0
Output Short Circuit Current
(AL =0, Tx = min to max) * 30 e * * mA
Amplifier Open Loop Gain
{f = 50Hz) . 70 * M M d8
INPUT AMPLIFIERS
{X,Yand Z)
Input Voltage Range
Differentiat Vix (Vew = 0) * +12 * ¢ * v
Common-Mode Vi . +10 . . . v
{Vouer = 0) (see Typical
Performance Curves)
Offset Voltage X, Y +5 +20 2 110 . * +5 120 . - ‘mv
Offsat Voltage Drift X, Y 100 50 * 100 * /PG
Offset Voitage Z 15 +30 +2 +15 * +10 x5 +30 ¢ M mv
Offset Voltage Drift Z 200 100 * 500 300 | uv/°C
CMAR 60 80 70 90 * * 60 &0 * * d8
Bias Current * R 08 20 . . v . . . “A
Offset Current . 0.1 005 | 0.2 * 20 * 20 HA
Differential Resistance * 10 . ‘ * MG
DIVIDER PERFORMANCE (22~ Z4)
Transter Function (X: > X2} . 1oV m +Y:
Total Error'™
X=10V,-10v=s2Z
=+10V) +0.75 +0.35 +0.2 £0.75 * %
(X—1,-vsZ A
<-+1V} £20 +1.0 +0.8 +2.0 *
av=sX=<10V,
—10V=SZS10V) +25 +1.0 +0.8 425 ‘
*Specifications same as for MPY534K.
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ELECTRICAL (CONT) "T— =7)3 - aa

At Ta = +25°C and Vs = £15VDC unless otherwise specified.

MODEL MPY534J MPYS534K MPYS34L MPY534S MPYS34AT )
MIN | TYP | MAX | MIN I TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNITS }:
SQUARE PERFORMANCE (x.l — X J
Transfer Function . vtz . . . L. {
Total Error (—10V < X <10V) 06 03 102 +0.8 * %
SQUARE-ROOTER .
PERFORMANCE
Transfer Function (Z; < Zz) * 10V(Z2 — Zy) + X2 * M : . -
Total Error'™ (IV<Z S 10V) +1.0 +0.5 +0.25 +1.0 05 ’ %
POWER SUPPLY i
Supply Voltage: l
Rated Performance . +15 N * * : vbc §
Operafing * M +8 +18 * * * +20 M +20 vbe
Supply Current, Qulescent * . 4 [ * . ¢ * * . mA
TEMPERATURE RANGE
Operating ‘ * 0 +70 . - * —55 +125 | -55 +125 °C
Storage * * —65 +150 * . * ‘ ‘ ‘ °C

“Specification same as for MPY534K.
NOTES: (1) Figures given are percent of full scale, £10V (i.e., 0.01% =1mV). (2) May be reduced to 3V using external resistor belween —Vs and SF.  (3) lrreducible

comp due to Lii ity; excludes effect of offsets.
ABSOLUTE MAXIMUM RATINGS MECHANICAL
. 5344 NOTE:
Parameler MPYS34. K, L MPYSI4S, T s Leads in true position within .010"
Power Supply Voltage +18 120 = ™ (-25mm) R at MMT at saating plane.
Power Dissipation 500mwW ° ¥ Pin numbers.shown for reference .
Qutput Short-Cireuit to Ground indefinite . only. Numbers may not be marked
Input Voltage (ali X, Y and 2) +Vs M on package.
Operating Temperature Range 0°Cto ~70°C —55°C to -125°C INCHES MILLIMETERS
Storage Temperalure Range -65°C to ~150°C | * oM | MiN [ max | MiN_T MAX
Lead Temperature (10s soldering) | 300°C . A fa3s 1370 lsar | 949
[} 305 335 7.75 4.51
*Specification same as for MPY534K. C _j.16s p.18s | 419 | 470
[+] .018 .021 g.41 0.53
E 010 040 0.2% 1.02
1 010 040 0.23 1.02
MPY534* a .230 BASIC 5.84 BASIC
H .028 .04 0.7 088
. . l J 023 045 0.74 114
Grade Designation « lsoo [-- Jiase |-
L .120 .160 205 4.06
J | M__]369easic 36°% BasIC
N_ |.1t0_ ] 20 | 279 | 308
K 0 to 70°C
L
S O
7| —SswisC
14 NOTE:
. . Leads in true position within .010*
Package Designation . . (-25mm} A at MMT at seating plane.
H =TO-100 : Pin numbers shown for reference
D = DIP F—-I L_ only. Numbers may not be marked
on
PIN CONFIGURATION (TOP VIEW) Z—&
+Vs NC- OUT ZI 22 NG —Vs
N o B ovn TS v B e T o O e B o | l M
W B RuWws 8§ — L_ 'Z.I Seating Plane M- W
: [ iNCHES MILLIMETERS
I 2 3 4 5 6 17 OIM "M [ MAX | MIN
I J | N 0N g IS u S | A S70 710 17.02 18.03
Xl X2 NC Sf NG YI Y2 c€_joss |0 165 | 432
o -015 .021 Q.38 0.53
F .045 060 114 1.52
G .100 BASIC 2.54 BASIC
Dl P H .025 Q70 0.64 1.78
J Q08 012 0.20 030
X 120 .240 3.05 6.10
L .300 BASIC 7.62 BASIC
[ A T -~ 1 10°%
N o009 | 060 0.23 | 152
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TYPICAL PERFORMANCE CURVES

Ta = +25°C, Vs = £15VDC unless otherwise noted,

AC FEEDTHROUGH
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(X, Y or'Z inputs)

BIAS CURRENTS VS TEMPERATURE

800
700
600 N
N
g \;
£ 500 ~]
§ Pl Scaling voitage = 10V
£ 400
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[&]
[} \
o 300
a | scaling voltage = 3v
200
‘
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Tamperature (°C)

INPUT DIFFERENTIAL-MODE/
COMMON-MODE VOLTAGE
104 Vem
.t
I  Specified
. + Accuracy
=5 + 5 1
-
T Va=xi5v
Functionai -10
Derated Accuracy

FREQUENCY RESPONSE VS

DIVIDER DENOMINATOR INPUT VOLTAGE

50
40
N Vi = 100mVDG

7 ¥ \{= 10mV, rms
z
N
>

20
3 T Vx = VDG
= Vz=100mV, rms
2 10 \, v:
3
3 \ \

0

\
l Vx = 10VDC
-10 ﬁiv. rms
I \|
1k 10k 100k M 10M
Frequency (Hz)
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INPUT/OUTPUT SIGNAL RANGE
VS SUPPLY VOLTAGES

ouput, Rz 20 S
iy

/ / All inputs, SF = 10V
a /

Peak Positive or Negative Signal (V)

8 10 12 14 16 18 20
Positive or Negative Supply (V)

THEORY OF OPERATION

The transfer function for the MPY534 is:

Xi—X)) (i — Y
Vour = A [( ek AL .’)—(zl—zz)]

SF
where:
A = Open-loop gain of the output amplifier (Typi-
cally 85dB at DC).

SF = Scale Factor. Laser-trimmed to 10V but adjus-
table over a 3V to 10V range using external
resistor.

X, Y, Z are input voltages. Full-scale input voltage is
equal to the selected SF. (Max input voltage =
+1.25 SF))

An intuitive understanding of transfer function can be
gained by analogy to an op amp. By assuming that the
open-loop gain, A, of the output amplifier is infinite,
inspection of the transfer function reveals that any Vour
can be created with an infinitesimally small quantity
within the brackets. Then, an application circuit can be
analyzed by assigning circuit voltages for all X, Y and Z
inputs and setting the bracketed quantity equal to zero.
For example, the basic multiplier connection in Figure 1,
Z; = Vour and Z; = 0. The quantity within the brackets
then reduces to:

(X1 — X2) (i — Y2)
SF

This approach leads to a simple relationship which can
be solved for Vour.

The scale factor is accurately factory-adjusted to 10V
and is typically accurate to within 0.1% or less. The scale
factor may be adjusted by connecting a resistor or poten-
tiometer between pin SF and the —Vs power supply. The
value of the external resistor can be approximated by:

Rsr = 5.4k [—SF——]
10 — SF

Internal device tolerances make this relationship accu-
rate to within approximately 25%. Some applications
can benefit from reduction of the SF by this technique.
The reduced input bias current and drift achieved by

—(VOUT"'O)=0
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FREQUENCY RESPONSE
AS A MULTIPLIER
10 T
« 0dB = 0.1V, rms; R, = 2kQ
- C. = 1000pF
= o [-\ 4
@
z
Q. C.=0pF ~
g ~
2 0l Ce < 1000pF C. = 1000pF
g Cr = OpF Cr < 200pF
‘5.
o
&
-20
B With X10 Normal
Fesdback e .
Attenuator
.—30 L] LR L ELEAA] L] LELBLELELR L1 L) TP TErTe
0k 100k ™ S oM

Frequency (Hz)

this technique can be likened to operating the input cir-
cuitry in a higher gain, thus reducing output contribu-
tions to these effects. Adjustment of the scale factor does
not affect bandwidth. -

X INPUT o= X, +Vs }——s +15V
) +10V F8
TP o X oUT|govour 2i2v PK
+I5V %o i = | mrYs4 I =X = X% — Yi} 2
50k0 SF . 2] v 2
-5V ika -
OPTIONAL OFFSET | *——1" Z "
TAIM CIRCUIT - -
Y INPUT *—4— Y2 —¥s f——oe 15V
+I0V F§ b OPTIONAL SUMMING
HIVPK INPUT, Z, 10V PK

FIGURE 1. Basic Multiplier Connection.

The MPY534 is fully characterized at Vs = %[5V but
operation is possible down to £8V with an attendant
reduction of input and output range capability. Opera-
tion at voltages greater than 15V allows greater output
swing to be achieved by using an output feedback atten-
uator (Figure 2).

XINPUT =% +Vaf—e  +I5V im&'t_lz)\(lzll;: -
£I0V F§ g
+12v PK % our
MPY534

8F 2 5'9“‘“
v inpur =% A OPTIONAL
a4 WA$ = Chracivon
12V PK gl ¥, i E EAPACITR

FIGURE 2. Connections for Scale-Factor of Unity.
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BASIC MULTIPLIER CONNECTION

Figure 1 shows the basic connection as a multiplier.
Accuracy is fully specified without any additional user
trimming circuitry. Some applications can benefit from
trimming one or more of the inputs. The fully differen-
tial inputs facilitate referencing the input quantities to
the source voltage common terminal for maximum accu-
racy. They also allow use of simple offset voltage trim-
ming circuitry as shown on the X input. -

The differential Z input allows an offset to be summed in
Vour. In basic multiplier operation the Z, input serves as
fhe output voltage reference and should be connected to
the ground reference of the driven system for maximum
accuracy.

A method of changing (lowering ) SF by connecting to
the SF pin was discussed previously. Figure 2 shows
another method of changing the effective SF of the over-
all circuit using an attenuator in the feedback connection
to Z1. This method puts the output amplifier in a higher
gain and is thus accompanied by a reduction in band-
width and an increase in output offset voltage. The
larger output offset may be reduced by applying a trim-
ming voltage to the high impedance input, Zz.

The flexibility of the differential Z inputs allows direct
conversion of the output quantity to a current. Figure 3
shows the output voltage differentially-sensed across a
series resistor forcing an output-controlled current. Addi-
tion of a capacitor load then creates a time integration
function useful in a variety of applications such as power
computation. -

XipuT % Hef——e iV
£10V FS lour =
HNPK e Ix,  ouT “
Xe — X [¥y — Ya) ]
MPY534 BT T — X [
SF . A\ -=
1
b
—1y z CURRENT-SENSING  =7=
¥ INPUT g 2 RESISTOR, Rs. 2k0 %%
+10V FS HIN i
12V FK o——11, Vs —15v INTEGRATOR
CAPACITOR
[SEE TEXT]

FIGURE 3. Conversion of Output to Current.

SQUARER CIRCUIT

Squarer operation is achieved by paralleling the X and Y
inputs of the standard multiplier circuit. Inverted output
can be achieved by reversing the differential input termi-
nals of either the X or Y input. Accuracy in the squaring
mode is typically a factor of two better than the specified
multipler mode with maximum error occurring with
smalt (less than V) inputs. Better accuracy can be
achieved for small input voltage levels by using a reduced
SF value. :

DIVIDER OPERATION
The MPY534 can be configured as a divider as shown in

Burr-Brown IC Data Book
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Figure 4. High impedance differential inputs for the
numerator and denominator are achieved at the Z and X
inputs respectively, Feedback is applied to the Y, input,
and Y, is normally referenced to output ground. Alterna-
tively, as the transfer function implies, an input applied
to Y; can be summed directly into Vour. Since the feed—
back connection is made to a multiplying input, the
effective gain of the output op amp varies as a function
of the denominator input voltage. Therefore the band-
width of the divider function is proportional to the
denominator voltage (see Typical Performance Curves).*

Accuracy of the divider mode typically ranges from
0.75% to 2.0% for a 10 to 1 denominator range depending
on device grade. Accuracy is primarily limited by input
(offset voltages and can be significantly improved by
trimming the offset of the X input. A trim voltage of
+3.5mV applied to the “low side™ X input (X; for posi-
tive input voltages on X1) can produce similar accuracies.
over a 100 to | deonominator range. To trim, apply a
signal which varies from 100mV to 10V at a low fre-
quency (less than 500Hz) to both inputs. An offset sine
wave of ramp is suitable. Since the ratio of the quantities
should be constant, the ideal output would be a constant

10V, Using AC coupling on an oscilloscope, adjust the B

offset control for minimum output voltage variation.

QUTPUT, £12¥ PK

+ +I5V
XINPY  e——X,  +Vsf—e 10ViZs - Tn)
(DENOMINATOR) i Vour =— = "0 4+ ¥,
+10V FS L-K
Hvpk R Wr
- MPY534
oPTIONAL  |sF l—-e  zwpur
SUMMING INPUT {NUMERATOR)
£10V PK IOV £, 212V PK
—y—iM: Lf——e
i
]

v I—- Y2 Vg p——o 15V

FIGURE 4. Basic Divider Connection.

SQUARE-ROOTER

A square-rooter connection is shown in Figure 5. Input
voltage is limited to one polarity (positive for the con-
nection shown). The diode prevents circuit latch-up

OUTPUT, %12V PK
Vour = VTOVIZz — Z1] + X2

+18V 1 REVERSE % N

X +gf———e

THIS AND X< (MUST BE
gm’m; INPUTS FOR) }:nnvmzu)
INPUT, X. k ¢ W :EEAP";I:
+10V PK HPYSH uTee

—r— SF L—* 7 NpUT
6 10V FS
Y, Zol—e 12VPK

Y, —Wf—e-t5"

FIGURE 5. Square-Rooter Connection.
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should the input go negative. The circuit can be config-
ured for negative input and positive output by reversing
the polarity of both the X and Y inputs. The output
polarity can be reversed by reversing the diode and X

APPLICATIONS
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input polarity. A load resistance of approximately 10kQ
must be provided. Trimming for improved accuracy
‘would be accomplished at the Z input.

+Us—e +15V -
VYour = (A® = B3/10V

our
wsu | Sama
2 ]
S10k0
Z

(A + 8)/2

f Y2 —Vs —o.—lﬁv

X Vg p——e+10V
MODULATION )
INPUT, 18w ¥

. v
"*-;E MPY534

SF 4 Vous =
. 14 (Eu/10V) Ec 810 o

Yi %2

CARAIER INPUT
Ec sin wt

W LI g

The SF pin or 8 Z-attenuatar can be used to provide overall signal ampliticatlon.
Opsration from a single supply s possible; blas Yz ta Va/2.

FIGURE 6. Difference-of-Squares.

FIGURE 9. Linear AM Modulator.

£I5¢
X +Vsp—e
CONTROL INPUT. ! ® Vour = 12V PK
Ec. ZERD TO +5V = (Eo Es}/OIV
st X ouT . M
<
GAN k0 2n SF"‘P""“ . 33kn
1
¥ S jl.- 0.0054F
Lt Y 1.
SIGNAL IKPUT, ) 1
Es, +5V PK : =
. Yo Vaf———eisV

KOTES: 1) Galn Is X10 per voit of Ec, zero {0 X50.
2) Wideband (10Hz to 30kHz) output naise Is ImV rms, typ, corresponding
to 2 FS S/N ratlo of 704B.
3] Noise referred to signal input, with Ec = %8V, is 60V rms. typ.
4) Bandwidth Is 0C (o 20kHz, —3d8, independent of gain.

FIGURE 7. Voltage-Controlled Amplifier.

X +Vap—o
wag LT1™ T ww
~ A ot .
kg MPYE34 Your = fioow} A=
= ¥ o7 8
¥ ANRUT -
y I )
Y. —Vsf—=
ST L., g
8 INPUT
(POSITIVE ONLY)

FIGURE 10. Percentage Computer.

I; Xs +Vsf——e +I5V
4 X2 out
18k | mpy534 47k0 Vour = (10V] sing
3 WHERE
mag= ¥ B o=k
INPUT. E, Y. %
0 T0 +HOv "o
:—"Yx ~Vs|—o —
= R

L Xu +Vsp———e +I5V

X2 auT *
- Vour = £50 PK
SF 1 _ oy —
1 = l‘UYVl Ty
INPUT, ¥ WHERE ¥ /= —
HIVES® i Z {1ov)

_:_‘Yz —Vs|—= —~15V

FIGURE 8. Sine-Function Generator.
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FIGURE 11. Bridge-Linearization Function.
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