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Specifications of Typ

Multiplier erro :
X-nonlinearity :
at v, = 20 V ptp;

V = 10 vd
y x C

Y-nonlinearity at
V& = 20V ptp,

Vy = £ 10Vdc
~-feed through at
V& =0, V, =20V
ptp at 50 Hz.

Y - feedthrough at

vV, =0, V& =20 V

ptp at 50 Hz.
Small signal BW :
Full power Bw :

Slew rate-

2/ F.S.
+0.8/

+0.3/4

200 mv
(ptp)

150 mw
(Ptp) .

"1 MHZ-

750 KHZ -

45 V/usec

——

ical-IC analog multipliers
1 édTS""“‘giﬁgiio§”‘EK5‘§31

0.8/ F.S.
0.5/

“

(ptp)

40 mv
(ptp)

30 mv
1 MHZ

750 KHZ
45 v/usec




'ORDERING INFORMATION

Device Temperature Range Package
MC1494L 0°C to +70°C Caramic DiP
MC1594L -55°C to +125°C Ceramic DiP

Specifications and Applications

Information

MC1494,
MC1554;

— ]

MONGLITHIC FOUR-QUADRANT MULTIPLIER

.. . designed for use where the output voliage is a linear product of
two input voltages. Typical applications include: multiply, divide,
square root, mean square, phase detector, frequency doubler, balanced
modulator/demodulator, electronic gain control.

The MC1594/1494 is a variabie transconductance muitiplier with
internat level-shift gircuitry and voltage regulator. Scale factor, input
offsets and output offset are completely adjustable with the use of four
external potentionieters. Two complementary reguiated voltages are
provided to simplify offset adjustment and improve power-supply

——

LINEAR FOUR-QUADRANT
MULTIPLIER INTEGRATED
CIRCUIT

MONOUITHIC SILICON
EPITAXIAL PASSIVATED

rejection, i
e Operates 'With £1% V Supphies
® Excellent Lincarity -~ Maximum Error (X or ¥} £ 0.5% (MC1594) L P —
1 1.0% (MC1494)
® Wide Input Voltage Range ~ £10 volts ttow view
& Adjustable Scale Factor, K {0.1 nominal)
¢ Single Ended Qutput Referenced to' Ground
o Simplitied Oftset Adjust Circuitry 4
o Frequency Response (3 dB Small Signali — 1.0 MH2 CERAMIC PACKAGE
e Power Supply Sensitivity ~ 30 mV/V typical CASE 620
. FOUR QUADRANT TYPICAL LINEARITY ERAORA
MULTIPLIER TAANSFER CHARACTERISTIC . versus TEMPERATURE
109
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1494, MC1504

MAXIMUM RATINGS (T, « +25%C unieps oihenwise noted)

Raning Symbol Vatue Unit
Power Supply Voitage v* +18 Ve
L «18
Ortterentat tnaui Signat vg-vg 216+ Ry{< 30 Ve
. Vig-Vi3 | tl8s1 RxI< 0
Common-Mads Inout Volttage » Ve
Vesay * Vg o Vg vemy £1L5
VeMx ® Vip ® Vi) Yemx 2115
Power Ditsoaton iP ickage Limitstiont
Ta = +25°C L) 750 -
Derate move Tp » +25°C Vo sa 5.0 mwee
Operarng Temperniure Renge Ta: °c
MC 1594 =55 10 +125
MCi494 Oto+ 70
Storage Tempecaturs Range Tste -8% 10 *150 oc

uniess GINErmIE Roted’ -

ELECTRICAL CHARAGTERISTICS V' - +15V. V" v-18V, Ta - «259C, A1« 16 kst Ay + 02z, By 62821 R - 47

MC 1594 MC 1494
Charscraristic fu. Symbal Min Tys Msx Min Typ Man Unwt
Lineatily t {EaxorEpy . h)
Quiput ervor in Percent of ful sale
SIOVEY,CHI0VIV, v 110W)
VY G IOV IV s tTO VI
Ta ¢ e25%C - :03 ] 208 - £03 210
Ta* Tngn D - - 108 - - 213
Ta*Tiow @ - - %08 - - IS
1n0u e 3.4 .
Vollage Rangs \Vy = Wy s v, 0t Vi 10 - ~ 110 - - Vo
Revatance tX or ¥ tnpytt [ - 300 - - 30 - i
Oftset Voitage (X toour) (Nta 1) Vg - o1 16 - 0z 2% v
17 1aput) INDte 1 Vioy! - 04 16 - 08 2%
eas Current 5% 3¢ ¥ inputh ty - a3 ts5 - 10 13 wh
Ot Current (X or ¥ Inputh ol - 2 150 - %0 400 ~A
Ouiour 4
Vortegm Swing Caoambity Vo 10 - - t10 - - Vou
gedance . Ry - 850 - - 8%0 - a}
Ottsat Voltege  iNgta 1) Vool - (1] 14 . 12 18 v
Gt Cuteet iNate t] lioat - 124 kL » 42 A
Temcmrstuce Statnay (DO}
TasTegntotig, s -
Outowt et 14+ 0. ¥ « 0 Voltage TCVat - v3 - - [} ~v %C
) Cureent iTCloqi - n - - u ~A °C
R sopul Oftser ¥ « OF {T1CV g, - 03 - - c3 - -y 9
Y beppot Otter e X » Ot [1 {1 - % - - 18 -
Scwe Facion Irexd - 00? - - ooy - e
Tors oc Acturacy Dets X ¢ 10 Y » 101 ircel - 009 - - 009 -
Denamn Trome . 5
Smadl Sgnel 13 g8 X . MWargp i - ow - - o8 - WMy
¥ BV 4nve - 1.9 - “ 10 -
Pawee Boandwngin 147 k) Paw - 440 - - 440 - ey
39 Retatien Pram SRl fo - 40 - - 240 -
1N Apaciuts §erge 1" - k] - - k") -
Lorrimon Ve 1] .
1ol Swing X or Y] CMy FALR Y - - QY . Vo
Gon 1X oe ¥ ACM - &% - - -6% - o8
Pomer Supoty ? *
Current 1g* - 60 | 90 - 5.0 12 | mase
14" - 85 | 90 - 65 12
Quiwxient Powsr Dispshion L] - 185 %0 - 8% Is0 ~
Serutwty $* - 2 50 - 13 100 my v
5" - % 100 - 30 200
Regquiated Ottt Adjust Voltaget ? R
Positive 173 (X ) 3] eap +38 4.3 *5.0 Ve
Negetere N . Vi -33 |43 -3.0 =33 A3 50
Tompersture Codftcrent V3, or V) Tcvp - 03| - - 003 ~ | avoe
. .
Power Sucoty Semstmaty 1V 01 VR Sa Sk - 0.6 - - .08 - fmvv

Mot | Orsare kon Do adiw110d 10 1000 with #ulstnst pOTENTOMeTery
Tigw © - $3°C far MC1594

Tagn * *125%C for MC1994
© 10°C for MTIADS

0%¢ +d mcranae
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MC1494, MC1594 = ) e P

TEST CIRCUITS

ERNE A

FIGURE 2 ~ INPUT RESISTANCE
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13 0 1Y 8 I
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FIGURE 1 - LINEARITY
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FIGURE 4 ~ INPUT BIASCURRENT/INPUT QEFSET
FIGURE J - OFFSET VOLTAGES, GAIN CUBRENT, QUTPUT RESISTANCE
b 19 21}
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11C1494, MC1594

%
' TYPICAL CHARACTERISTICS
{Unless otherwise noted, V* = +15 V, V™ = =15V, R1 = 16 k2, Ry = 30 k2, Ry = 62k, Ry = 47 k1, T4 = +259C)
FIGURE 9 ~ FREQUENCY RESPONSE OF Y INPUT FIGURE 10 - FREQUENCY RESPONSE OF
versus LOAD RESISTANCE X INPUT versus LOAD RESISTANCE
N5 T - +15 T I ™
LN L / R« 1a02 ]i'
BE i)
. / a ‘\m' - Ry v 10K .
.50 —t Ry Y = +50 s
g ) le omse| 2 L
: Ll z T N
- = I 0 SEEH i T P e
H g . O
e 2 .0 NI
B E-SO <’ N ' 1)
) 3 Ry =47k o H
aE -10 LA ) # = . H‘* {\ —
Yy » 1 Viemth, Vx "0 Ve Vx st Vlims), Vy » 10 Vde Ry v A7AL ‘ l
" Ax » 30 ket Ry » 52802 a8 AX « 30822, Ry #6242 i :
| A i1 L l
R im 1 20 i !
193 w 108 198 ! 10} 164 10> 126 Y
£, 1, FREQUEACY trn) 1. FREQUENCY M)
5§
FIGURE 11 ~ LARGE SIGNAL VOLTAGE versus FREQUENCY FIGURE 12 ~ LINEARITY versus Ry OR Ry WITH X = 1/10
.
0 [0 z \ Ry -\J;umd'lm K39 :
3 - B 3N o Y + 10 Vop
) I~ » g s A\ i
- 5 \ ]
e @ = :
A - :
3 £ N i
£ N E \ :
F = N]
3 © won WE 156 Butter Op. Ampt E 61 N
>é ‘Z‘Naop Ampt A s 47412 g \
= TN
& 02 ; '
L} l H
100 190 0k 100+ 0 30 [} 40 EIT]
LEREQUENCY tMr) ) 50 ) 100 g
N Ly
it
FIGURE 13 - LINEARITY versus R OR Ry WITHK » 1 FIGURE 14 - SCALE FACTOR (K} versus TEMPERATURE
0108 -
T ! 1
2 l i g§an R~ [RUSHUIY PR R SR
< e b Ry Adporied for K» 4 __ \ K A Fagtor A2usted tar 11851 25°C
] Vyn s 2Vpp o1 :
i o 5 : g N 1
= N 2 ow <
H N
. e - ERRY, I~
' S N g \
: v ¢ e
g ] *% goss
w g} .
g 0.096
»
x
“ g 0.0%¢
x
=
b 0 63 s 1 Ry e B L S LR T A TS Y S Y T T R R S 1)
40 12 t Ry Rt}
to g o Ay TA AMBIENT TEWPERATLRE 20
—
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MC1494, MC1594

GENERAL INFORMATION

with the offset adjust circuits to virtually eliminate sensitivity

1. CIRCUIT DESCRIPTION

11 Introduction of the offset voitage nulls 1o changes in supply voltage.
The MC1594 is a manolithic, four-guadrant multiplier that As shown in Figure 15, the MC1594 consists of a multiplier
operates on the principle of variable transconductance. it proper and associsted peripheral circuitry to provige thesy
features a single-ended currant output referenced to ground features, R

and provides two complementary regulated voltages for use

FIGURE 15
{Rescommendad Extarnal Circuitry is Depicted With Dotted Lines)
e e e e e e e - -
1 : SLOCK DIAGRAM I
v 1 ] 1 T 1
7 e4). ] " ) n
. CURRENT AND vOLTAGE ;_j? ! FOUR QUADNANT 7 : LEALALCE IIPIYRre
) CUABENY
.-_?_-_ ALGULATON ! i wio . MuLTIPLIER + ool v LoNVERTEN
o 0" . * pemmmnmnnd 1
R7% PR LIS . 5] i
f ‘; : )6 él $u . .éu i 1
- 5 banryyed Carpn-2 }
<1 1y *x }
o - 7 N
v (g - SMPLIFIED CIRCUIT 1 ,
e L sewanc g N
souact 1 v |
CONTASL | T
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s M ;.,I 1
i 1 B
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. 1Y T I
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---4 Y Y X
L1y 1‘ ¢ "
3 s
1
iy g, i }
b 3 I b ;1 1
i P
r - - 4
4 ! o
$ H ¥ 3% 0
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Ry t
‘ - 3 i 3 I *
[
7
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oo Wi d ; scmtuanc ey o0 [ 500
A < 1 -
' Y r h
i
( ' 4
b 4 t9af t ’—R
E 2 1Y t EAY ~, n
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i 19,8 et
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ke X ' 5
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;JIC1494, MC1594 S

NG

1.2

14

Regutator (Figure 15}

The reguistor biases the entire MC1584 circuit making it
essantially mdepandnm ol supply variation. 11 slso provides
wo tated supply voltag whochunbonud
in the offset -d}us: itry. The regulated
st pin 2 is approximately 4.3 V while the rogulatod vomo.
at pin 4 is approximately -4.3 V. For optimum tempersture
sebility of these reguisted voltages, it is recommended thet
fia] = [14l = 1.0 mA (equivatent load of 8.6 kn1). As will be
shown later, there will normally be two 20 k-ohm potenti-
ometers and one 50 k-ohm potentiometer connected between
pins 2 and 4,
The reguiator 3130 establishes a currentraferance thay
controls alt of ‘the constant current sources in the MC1594,
Note that all current sources are related to current |1 which
is determined by R1. For bert temperaturs performance,
R1shoufd be 16 kR sothat Iy ~ 0.5mA for sif applicstions.

Multiplier [Figurs 15}

The multiplier section of the MC1554 {center section of
Figure 15) is nearly identical 10 the MC 1595 and is discussed
in detait in Application Nate AN-489, “Analysis and Basic
Operation of the MC1595™,  Thae resuit of this analysis is
that the differantial output current of mc multiplier is given
by:

Wx Vy

- t s e
".\ L ~AxAvhy

Therefors, the output iy prnporuonal to the product of the
1w input voltages.
Diffarentisi Currant Convertee (Figure 15}
This portion of the circustry converts the differentisl output
cureent 11 4-15) of the multiplier 10 a single-anded output
current {1}

ig=la-lg

i

or
2V Vy

]o [ ey SR

AxRyly

The outpul current can be esnly converted to an output
voltage by placing » load resistor R from the output (pin
14) to ground (Figure 17) or by using an op-smpl. a5 8
current-10-voltage converter (Figu-e 16). The result in both
circuits is that the output voltage is given by:

2R Vx Vy
® " RxRyiy

*KVy Vy

ie tactor) = rn
whers K {scaie factor] W

2. DC OPERATION

2.1 Selsctional £ i C
For low frequency operstion the circuit of Figurs 16 Is
recommended. For this circuit, Ry » 30 kf2, Ry = 62 k1.
A1 = 16 kfl and hence 1y = 0.5 mA, Therefore, 10 %1 the
scale factor, K, equal 10 1710, the value of Ry, can be cai-
culaied to be:

R 2R
10" BxAvyly

RyAyly (30! (62 kI {0.5mAl
o BLY B 2
AL~ 46.5k

Thus, 2 reasonable accuracy in scale facigr can be schisved
by making Ry » fixed 47 k{2 resistor. However, if stisdesired

FIGURE 16 ~ TYPICAL MULTIPLIER CONNECTION

(3: 24
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that the scale factor be exact, R can be comprised of &
fixed resistor dnd a potentiometer as shown in Figure 16.
1t should be pointed out that there is nothing magic sbout
setng the scale factor to 1/10. This is merely 8 convenient
factor to use if the Vy and Vv input voltages are expected
13 te large, say £10 V. Otwiously with V = Vy » 10 V and
a2 scala lactor of unity, tha device could not hope to provide
& 100 V output, so the scale factor is sot 1o 1/10 and provides
an gutput scated down by a factor of ten. For many apptics
tony it may be desirable to set K = 1/2 or K =« 1 or even
K = 100. This can be accomplished by adjusting Ry, Ry
ang Ry appropristely.

Ths selection of Ry is arbitrary and can be chosen after
resistors Ry and Ry are found. Note in Figure 16 that Ry
is B2 k2 while Ry is 30 k1. The reason for this is that the
“Y" ude of the multiplier exhibits a second order non-
linearity whereas the “ X"’ side exhibits a simpla non-tingarity.
By making the Ry resistor approximately twice the value
of the R resistor, the linearity on both the X" and Y™
sCes are made equal. The selection of the Ry and Ry
resistor values is dependent upon the expected amplitude of
Vyx and Vy inputs. To maintain a spocilied linearity,
resistors By and Ry should Lo selected according 1o the
foitow:ing squations.

Rx 2 3 Vy fmax}in k1 when Vs in volts
Ry 2 6 Vy tmax}in k11 when Vy 3 in volts

Fer oxample, o the maximum input on the X" side i
=21 .0it, resistor A x can be selscted 10 be I ki1 If the max-
wnu input on the Y nde is sho &1 volt, than resistor
Ry can be selected to bie 6 ki1 (6.2 k{1 nomunal vatuel, s
cale factor of X » 10 s desived, the load resistor s found to
be <7 k{1 In jhis exarmple, the muitipher provides 3 gann
of 2008 '

Onperational Amplifier Salection

Tre ozerational amplihier connection in Figure 16 15 a nmple
but exlremely accurate current-1o-voltage converter. The
outcyt current of the muitipime flows through the feadback
res-gror Ry 1o provide 3 low irnpedance output valtage lrom
the vo-ampl  Since the oliset current and bias currents of
the 29 ampt will cause arrors 0 the output voliage, particu.
tarhy oot temperature, one with vary low bias and of fiet cur.
renty § cecommmnaed  The MCIH56/MC 1456 or MCI741/
NMCITIC are eacrilent choices for this anglnc.mon.

Senze t~¢ MC 1594 s capable of oparatign at much higher
fres.e~coos than the op.ampl, the frequency charactarsiics
af 1> ¢ ~curt i Figure 16 will be primanly dependant Jpon
the cp-ampl

Statvhity

The current-to-voltage converter mode 15 8 most demancding
op'caton (or an operational amphibier. LOOP gan 18 at 1ts
marium and the ferdbiack reslor n Conjunction with
sieay o7 rput canacstance 3t the multipher output adis side-
wony nrase shilt [t may tharefors Le necessary 1o odd
{part:au arty 1n the case of intornally cuompensated op-ampls )
2 3wt ‘pedback Capacetor 1o reduce foop gan at the higher
frequenc.es. A value of 10 pF in paraltel weh R shoutd be
P te tO 1NSU 3tobihity over production and tamperature
vararons, eic,

An erternaily compensated og-ampl. might be empioyed
using s-gntly heavier compensation than that recommended
for ymtygamn operation. .

Ottset Adjustment

The non.nverting input of the op-ampl. provides a convenient
PO 1 a2just the output ofiset voliage. By connecting this
point 10 the wiper 3rm of 3 potentiometer {P3), the cutput

25

2.6

2.7

28

.IV‘J

offset voitage can be adjusted to zero {see offset ang scate
factor adjustment procedurel,
The input offset adjustment potentiometers, P1 ang P2 witi
be necessary for most spplications where it is desirable 1
take advantage of the multiplier's excetiant finearity chay.
acteristics, Depending upon tha particular application, some
of the potentiometers can be omitted {ses Figures 17 19
22, 24 and 25). .
Qffsat and Scals Factor Adjustment Procedure
THe adjustment procadure for the circuit of Figure 16 js:
A. X input Offsst
‘a) connect ascillator {1 kHz, § Voo sinewave) to the v+
input {pin 9)
b} connect X" input {pin 10} to ground
fcl adjust X-offset potentiometer, P2 for an ac null at
the output
B. Y tnput Dffset
‘3 connect osciltator {1 kH2, § Vpp sinewavel to the "X
nput (pin 10}
ih) connect "Y' input (pin 9} to ground
te} aciust Y-olfset potentiometer, P1 107 an sc null at
the output
C Qutput Offset
‘3) connect both X" snd "Y' inputs 1o ground
-5 adjust output offset potentiomater, PJ until the out-
put voltage Vg, is zero volts dc
O Scate Factor
18t spniy * 10 Vdc 10 bath the "X and *'Y" inputs
51 3djust P4 to achieve -10 00 V at the output
fc! apply «1C Vdc to both “X™* and 'Y " inputs and check
for Vo = -1000 Vv
€. Aeoecat steps A through D as necessary.

The azility 10 xcurately adjust the K1C1504 15 dependent
on 1=e offset adpust potuntiometars. Patentiometers should
be of te intiite’ resolution tyne rather than wirewound.
Fine agjustrmants in balanced modulator applicatrons may
require 1w polentiometnrs 10 rovide Ucoarse’” and Vfing”
apesrment, Potentyneters should huve low temperature
coelt c.ents anes e fres from bachiash.

Temparaturs Stability

Whie the MC1594 provides excetient oerformance in itsell,
overs! certormance depends 1o a 1arge degren on the quality
of 1he externdl components. Previous discussion shows the
direct Zeoenderce on Ry, fly, and R and indirect depend-
wnce on R1 {through [1). Any cwcut subjected to tempers:
Aure v arations should be evaluated with thess eflectsinmind,

Biss Currenty

The 1534 mutupher, ftke most hinear [C's, requices s dc
bias cLrrent into its input terminals  The device cannot be
caosc tvely coupled 8t the input withou! regard for this bias
current Hinputs Vx and Vy are abie 10 supply the smali biss
surrent | 0.5 wAl renistors, R {Figure 16] can be omitted.
I the MCI534 15 usad in an ac mode of operation and
CHBC12 +¢ COUBling is used the value of resistor R can be any
reasonazie value up 10 100 k2. For minimum noise and
ootimu™ termperaiure perfarmance, the vafue of resistor B
shoutld e a8 low 3s practical.

Parasitsic Oscillation

When long leads 2re used on the inputs, oscillation may gccur.
In thus event, sn RC parasitic suppression network similsr to
the ones shown in Figure 16 should be connected dirsctly
10 each w0yt using short leads. The purpose of the network

Lasy
N




111494, MC1594

‘1’ —

3.1

3.2

is 1o reduce the Q" «.* the source-tuned circuits which cause
the osciltation, .

tnability to adjust the circuit to within the specilied accuracy
may be an indication of oscillation.

AC OPERATION
Ganerat
For ¢ op . such as bal modulation, frequency

doubler, AGC, eté., the op-ampl. will usustly be omitted as
well 33 the output offset adjust potentiometer. The ouiput
offset adjust potentiometer is omitted since the output will
normally be ac<coupled and the dc voltage at the output is
ol no concern providing it is close enough ta zero volts that
it will not cause clipping in the output wavelorm. Figure 17

FIGURE 17 —~ WIDEBAND MULTIPLIER
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hows 8 typreal #¢ multinlier Circuit with a scale factor K23 §,
Agan, resistor Ry and Ry are chosen a3 oullined in the
previous section, with R chosen to provide the required
scaie factor.

The oftsat voitage then axisting st the cutput will be equal to
the offset current times the load resistance. The gutput off-
set current of the MC1534 is typically 17 uA and 35 uA
meximum.  Thus, the maximum output offsel would be
sbout 160 mV.

Bandwidth

The bandwidth of sthe MCI504 is primarily determined by
two factors. First, the dominant pols will be determined by
the ioad resistor and the stray capacitance at the ouiput
termingl,  For the crcuit shown in Figure 17, sssuming a
total output cepacitance (Cy) of 10 pF, the 3 dB bandwidth
would be spproximasely 3.4 MHz. tf the (osd resistor were
47 kf1, the bandwidth would be spproximatsty 340 kHz.
Secondly, & 2er0” is present in the frequency response
charactaristic for both the "X’ and 'Y inputs which causes
the output signal to rise in amplitude st 8 6 dB/octave siope
st frequencies beyond the braskpoint of the “zer0”. The
“ter0” is caused by the parssitic and substrate Capacitancs
which is related 10 resistors Ry and Ry and ths transistors
aociated with them.  The sffect of these trsnsmission

33

34

“zeros” is seen in Figures 9 and 10. The reason for this
increase in gain is due to the bypassing of Ry and Ry at
high frequencies. Since the Ry resistor is approximately
twice the value of the Ry resistor, the zero associated with
the 'Y " input will occur at approximately one octave bolow
the zer0 asnxistea witn ing X7 input. For Ry » 30 k5t and
Ry = 62 k1, tha teros occur at 1 § MHz for the “X” input
and 700 kHz for the "Y' input. These two messured break-
points correspond to 8 shunt capacitance of about 3.5 pF.
Thus, for the circuit of Figure 17, the "X” input zero and
VYT input zero will be at approximately 15 MHz and
7 MMz respoctively.
1t should be noted that the MC1594 muttipties in the time
domain, hence, its frequency responsa is lound by maeans
of complex convolution in the frequency {Laptace} domain.
This rreans thatif the "X’ input does notinvolve afrequency,
it is not necessary to consider the X side [requency
resporse in the output product.. Likewise, for the "Y" side.
Thus, for applications such as 3 wideband linear AGC ampii-
fier which has a2 dc voltage as one input, the multiphier fre-
quency response has one zero snd one pole. For spplications
which involve an ac voitage on both the "X’ and "Y' side,
weh as 3 balanced modulator, the product voltage response
will have two zerot and one pole, hence, pesking maey be
present in the output. : :
From this brief discussion, it is evident that for ac spplica-
tions: (1) the value of resistors Ry, Ry and R should be
kept #s small s possible to achieve maximum frequency
responss, snd (2} it is possible 1o sefect a fodd resisior Ry
such that the dominant pole (R . Col cancels the input zer0
(R, 3.5 pF or Ry, 3.5 pF] to give a flat amplitude charactar-
istic with frequency. This is shown in Figures @ and 10.
Examination of the frequency characieristics of the "X
and “Y" inputs will demonstrate that for wideband amplifier
applicstions, the best tradeolf with frequency uwonuind
goin is achigved by using the Y inpul tor the ac signal.
For s applications requiring bandwidths greater than those
specified for the MC1594, two other devices are recom-
mended.  For modulator-demodulator opplications, the
MC1556 may be used up 10 100 MMz, For wideband mutti-
plier applications, the MC1595 fusing smalt coilector toods
and a¢ coupling! can be used.

Slew-Rate

The MC1594 multiplier is not s'ew-rate limited in the ords:
nary sanse that an op-ampl 15 Since all the signals in the
multiplier are currents and not voltages, thare is no cherging
and discha, ging of stray capacitors and thus no limitetions
beyond the normal device limitstions, However, 1t should
be noted that the quisscent current in the output transistors
is 0.5 mA and thus the maximum rats of change of the out
put volisge is timited by the outout toad capecitance by
the simple equation:
Stow-Rats —2 « :°
AT ¢

Thus, if Cg is 10 oF, the maximum slew-rate would ba:

AV, 05x10°3 s/
e e e = 50 V/us
oY 1px10-12

This tan be improved if necessary by addition of an emitter-
fotlower or other type of buller

Phase-Vector Ecror

Al multipliers are subject 1o an error which is known as the
phase-vector error. This eeror is 3 phase er107 only and doss
not contribute an amplitude error per s6. The ohase-vector
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error is best explained by an exampie, (f the “X' inputis

described in vector notation as
X=AY o°
snd the Y’ input is described as
Y=g f @°
then the output product would be expected to be
Vo * AB { 07 (see Figure 18}

How.ever, due to a relative phase shift between the "X and
“¥** channels, the output product wiit be given by

d vo-ns g9

Notice that the magmitude is correct but the phase angle of
the product s in error.  The vecior, V, associated with this
orsor 1s the “phase-vector error’. The startling fact sbout
the phase-vectar error s that 1t occurs and accumulates much
more rapdiy than the amplitude error associated with fre-
quency iesponse. In 1act, a relative phase shift of only 0.579
<l resutt in a 1% phase-vector errar, For most applications,
¢ . error 11 meaningless. 1 phasa of the output product is
Lot important, thep neither is the phase-vector error. |(f
phase is imporiant, such 33 in the case of double udebong
modulation or demodulation, then & 1% phase-vector error
will reoresant a 1% amphitude errar at the phase angle
of interest.

FIGURE 18 - PHASE VECTOR ERROR

ELFL

Circuit Layout |

11 wideband Gpuration 13 desirad, careful circurt fayout rmust
be otiserved Stroy tapascitance across Ry ond Ry should bhe
avouind ta munrniza peskong (caused Ly 3 zero created by
tha paratlef RC circuntl

4, DC APPLICATIONS -

4.1 Squaring Circuit
#iie WO inpuls are CONATTICS iuyither, the resultany
tunction is squaring: :

Vo = Kv2

where K is the scale facior {see Figure 19),

However, a more careful look at the multiplier's derining
equation will provide some usefut information. The outpyt
voltage, wethout initial offset adjustments is given by:

Vo = KV + Vige Vot Yy * Vigy - Vyopl + Vo,

{Ses “Definttions’ tor an explanation of termsl,
With Vi = Vy » V {squaning) and defining

€x = Viox - Yy oft
ty * Viey - Vy ott
The outpul voltage equation becomes
Vo KVZ e KV, lex + eyl + Keyey * Voq

This shows that atl error terms can be eliminated with only
thres ady s. o g ane of the in-
put offsel adjustments. Forinstance, «f the "X inpui offset
adjustment is atiminated, ¢ i3 determined by the internai
offsat, Vigx. but ¢y is adjustatsie to the exient that the
feg * ¢v) term can be 2eroed. Then the autput of fset adjust-
ment 13 used 10 adjusi tha Vg term and thus 2ero the remain-
ing error terms.  An ac proceduse {or nulling with three
adjustments s
A. AC Procedure.
1. Cannect osciliator {1 kH2, 15 Vpp) to mput
2. Monitor output at 2 kHz with tuned voltmeter and
© adjust P4 tor desired gmn {8 sure to peak response
of volimeterl
3. Tune voltmetar 1o 1 kM2 and agjust P1 for a mimimum
oulput vaitage
4. Ground wout and adjust P loutput offsed) for zero
valts de out
5. Aepeat steps § through 4 35 necessary

FIGURE 19 — MC1594 SQUARING CIRCUIT . .
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8. DC Procedure: : )
1. Set Vx » Vy = 0 V and adjust P3 {output offset
potentiometar) such that Vg = 0.0 Vde

2. Set Vy » Vy = 1.0 V and adjust P1 (Y input offset
potentiomater] such that the output voitage Is
~0.100 volts

3. Set Vy = Vy = 10 Vdc and adjust P4 {load resistor]
such that the output voitage is 10,00 volts

4. Set Vy = Vy = -10 Vdc and check that Vg » -10V
Repeat steps 1 through 4 as necessary.

Dinde
Dive circuits warrant a special discussion s a result of thew
soec & prodlems  Classic feedback theory teaches that if 2
m..1.oer is used as 3 feedback element in an operational
arc -eer curcuit, the divide function results, Figure 20 itlus.
wrates the theorenicdl simplicity of soch an approach and a
pracical realezation 13 shown in Figure 21,
Toe characteristic lailure’ mode of the divide circuit is
I3tznun  One way it can occur is if Vi is allowed 10 go
negative Of, in some cases, if Vi aoproaches 2er0.
Figare 20 illustrates why this is s0. For Vx > 3 the transfer
functson through the multiplier s non-inverung. its output
it {ad 10 1he inveruing input of theop.amp!, Thus, operation
150 the nagative feedback mode and the circuit is de stabile.
Shouig Vy change polsnity, the transter function through
the multipher becomes inverting, the amplilier has positive
feezouck and fatch-up rewits. The problem resuiting from

FIGURE 20 - BASIC DIVIDE CIRCUIT USING MULTIPLIER
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Vx being near zero is w result of the transfer through the
muitiplier being near 26r0. The op-ampl. is then operating
with a very high ciosed loop gain snd error voltages can thus
become sffective in Causing latch-up. )

The other mode of latch-up results from the output voliage
of the op-ampl. exceeding the rated comman-mode input
voltage of the muitiplier. The input stage of the multiplier
becomes saturated, phasa reversal results, and the circuit is
latched up. The circuit of Figurs 21 protects against this
happening by ctlamoing the output swing of the op-ampl. to
approximately £10.7 volts. Five-percent to'erance, 10-volt
zeners sre used to sswure sdequalp output swing but stifl
limit the output voltage of the op-ampl. from exceeding the
cammon-mode input range of the MC1584,

Satting up the dwide Circuit for reasonably accurate opera-
tion is somewhat ditferent from the procedure for the
muitiplier itsei{. One aoproach, however, 15 1o break the
fesdback loop, null out the multiplier circuit, and then close
the taop.

A simpler approach, since it does nNOt involve breaking the
Ioop {thus making 1t more practical on 8 production basisi, is;

1. Set Vz = 0 volts and adiusl‘lhl output oftset potentio-
meter (P3} untit the output voltage {Vyl remains at
some {not necessarily zero) constant value ax Vx 13 voried
betwesn +1.0 volt and +10volts.

2. Mantain Vz st O voits, set Vx al +10 voits and ad-
just the Y input olfset potentiometer {P1) until Vg = 0
voits.

3. With Vx = Vg, adjust the X input of(set potentiometor

(P21 until the Sutput voitage remans st some {not nec:

essarily = 10 volts) constant value as Vz = Vi 13 varied

between +1,0 voit and * 10 volts.

Maintein Vx » Vz and adjust the scale [3c10r potentio-

muter (R ) untl the average value of V15 - 10 volts as

Vz = Vx s vaned between +1.0 volt anc +10 voits,

5. Repeat steps 1 through 4 as necossary to achieve opts
muym performance,

Users of the divide circuit should be aware 1nat the accuracy

10 b expected decreases in dwect proporton (o the denomi:

ol

FIGURE 21 — PRACTICAL DIVIDE CIRCUIT
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FIGURE 22 ~ BASIC SQUARE ROOT CIRCUIT
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nator voltage. As a result, if V is 161 to 10 volts and 0.5%
sccuracy is svaladie, then $% accurscy can be expected
when Vi isonly 1 voit,

in accordance with an earlior statement, Vy masy hava only
ons polerity, positrve, whils Vz may be either potarity.

Square Roat .

A spaciat case of ine divids circuit in which the wo inputs
10 the muitipiier are connected together resuits in the square
root function as indcated in Figure 22.  This circuit too
may suffer from isteh-up problems simitar to those of the
divide clrcuit. Noe (hat only one polarity of inputis allowed
and drode clarmprng ‘see Figure 231 protects against accidental
fatch-up,

This circuit too, may be adjusted in the ciosd-loop mode.

t Set Vz » -001 Vdc and adjust PJ {output offset] for
Vp »0.316 Ve,

2 Sal Vz to-09 v and adpust P2 ("X adjustl tor Vg =
+3 Ve

3. Sat Vz 10 <10 Vx and adjust P4 {gain adjust) for Vg =
10 Vae, f

5.2

[

Steps 1 through 3 may be repeated 33 necessary to achieve
desired accuracy.

Nots: Operstion nesr zer0 volts input may prove very in.
accurate, hence, it may not be possible to adjust v,
10 0 but rather only 10 within 100 10 400 mV of 2ecq,

AC APPLICATIONS
Wideband Amplifiar With Linesr AGC

1f one input to the MC1594 is & d¢ voltage and » signal
voltage is spplied to the other input, the smolituds of the
output signal can be controlled in 3 linsar fashion by varying
the de voltage. Hence, ths muitiptier can function as a g
coupled, widsband amplilier with linear AGC control.

In addition to the advantage of Linear AGC control, the
multiptier has three other distinct advantages over mast other
types of AGC systems. First, the AGC dynamic range is
theoretically infinite. This stems from the batic fact that
with zero voits de spplied to the AGC, the output will be
zero regacdiess of the input. In practice, the dynsmic range
is limited by the ability 10 adjust the input offset adjunt
potentiometers. By using carmaet multi-turn potentiometars,
s dynamic range of B0 dB can be obtsined. The second
advantage of the multiplier is that varistion of the AGC volr-
age has no slfect on the signel handling capability of the
signal port, nor doss it slier the input impedance of the
signal port. This fsature is particularly important in AGC
systamns which are phase sensitive. A third edvantage of the
muttiplier is thst the output-voltsge-swing capability and
output impedsnce aro unchanged with variations in AGC
wiltage.

The circuit of Figure 24 demonitrates the linear AGC smpli-
fier. The amplidier con handle | Viemt! snd exhibits s gain
of spproximately 20 dB. 11 11 AGC'd through & 60 d8
dynamic range with ths application of an AGC voltage from
0 Vde to 1 Véc. The bandwidth ot the amplifier is deter-

.mined by the toad resstor and output stray capacitance. For

this resson, an omitisr-follower bulfer has baen added to
extend ths bendwidth in excess of 1 Mz,

Balsnced Modulator )
Whan two-time variant 1ignals are used a9 inputs, the result:

FIGURE 23 - SQUARE ROOT CIRCUIT
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ing oulput is suppressed-carrier doubie-sidaband modulation.
In terms of sinusoidal inputs, this can be seen in the foliowing
equation:

Vo =K{ 81 coswmt) {eg coswetl

where wy, is the modulation frequency and w, is the carrier
frequency.  This eq can be expanded to show the
suppressed carrier or balanced modulation:

Keyeo

Vo= [coslwe + wnit +cos fwe ~ wmit]

Unlike many modulstion schemes, which are non-linear in
natury, the modulation which takes place when using the
MC1594 is linear. This means thet for two sinusoidal inputs,
the output will contain only two frequencies, the sum and
difference, as seen in the above equation. There witl be no
spectrum centered about the .xcond harmonic of the carrier,
or sny muitiple of the carrier. For this reason, the lilter
requi of & modulation system are reduced to the
minsmurn.  Figure 25 shows the MC1594 contiguration to
perform this function,

FIGURE 24 ~ WIDEBAND AMPLIFIER
WITH LINEAR AGC
13V s Y

n §2% gy,r
n§ r.-% i LI s
143046
. 1IN 304
aR EQuUIV
ueiso g
MCTEYSLE
t }
p12Y

Notice that the reustor vatues for Ry, Ry, and Ay have
been modilied, Thes has besn done primarily 10 increase the
bandwidth by lowering the output impedance of the MC 15904
and than lowering Ry and Ay 10 achieve ¢ gainof 1. The
e can be as large a3 1 volt peak and oy a3 high as 2 volts
peak. No cutput offset adjust it employed since we.are
interested only in the a¢ output €Oty ents.

The input R’s are used 10 supply bias current 10 the multi-
plier inputs ss weil a3 providesmatching input impedance.
The autput frequency range of this configuration is deter-
mined by the 4.7 k ohm output impedance and capacitive
loading. Assuming s 6 pF loed, the smaii-signai bandwidth

. i85.5 MHz.

The circuit of Figure 25 will provide 8 typical carrier rejection
of 27048 from 10 kHz to 1.5 MHz.

"™ 4
.
] MCI5I4L »
IME1494L)
g * Xeg#m]
w = W@ [ LN
.
AL e
L]

w<aivy tg “tmte

am <t Vph
The adjustment procedure for thit Circuit is gquite imiple.
{11 Place the carnser signat at pin 10. Wit no signal
applied to pin 8, adjust potennicmeter P1 such that an ac
null is obtained at the output.
{21 Ptace 3 modutation signal at pin 9. With no signai
apphied to pin 10, adjust potentiomaeter P2 such that an ac
null is obtained at the output,
Again, the ability to make carzfut siinatmaeng af these offsets
will be a function of the type of potentiometers used for
Pt and P2, Muitipie turn Cerenel type poteniomaeters are
recommended.

5.3  Frequency Doubler .
if for Figure 25 both inouts areidentical;
. em™ecw Econst
Then the output is given by
By * Cpee £2cos?ut

which reduces to

. E?

[P Fl {1 ¢ cos2ust}
This equation states that the cutput will consistof a de term
equal to one hall the peak voltage squared and the second
harmonic of the input frequency. Thus, the circuit aciy as 2
frequency doubler. Two facis sbout this circuit are worthy
of note. First, the second harmonic of the input frequency
is the only frequency appearing at the output. The funda-
mental does not appear. Second, il the input is sinusoidal,
the output will be sinusoidal and requires no fittering.
Thae circuit of Figure 25 can be used as a frequency doubler
with input frequencies in excess of 2 MMz,
5.4  Amplitude Modulstor

.
FIGURE 25 —~ BALANCED MODULATOR
S8V 18V

The circuit of Figure 25 is also easily used. as sn amolitude
dul . Thisis tished by umply varying the input
olfset sdjust potentiometer [P1] associsted with the modu-
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istion inpus. This procedure places & de offset on the modu-
tation input of the multiplisr such that the carrisr still passes
thru the multiptier when the modulsting signal is zero.
The result is amplitude modulation. This is easily seen by
examining the basic h ical expression for amplitude
modulation given below. For the cuse under discussion,
with X = 1, !

€ = (E + Em coswumt) (Eg coswet)

where £ is the dc input offset adiuslvqlugc. This exprassion
can be written as:

€0 * Eg {1 + Mcoswct] coswet

where Eq = EE.
Em .
and M= ? = moduistion index

This is the standard equation [or amplitude modulation.
From this, it is essy to see that 100% modulation can be
schisved by adjusting the input affset adjust voltage to be
exactly equal 10 the pesk valug of the moduistion, Eg. This
is done by ousarving the output waveform and adjusting the
input oflset potentiometer, P1, until the output exhibits the
farmiliar amplitude modulation waveform.

Phase Datector

11 1hs crcuit of Figure 25 has a3 s inpuls two signats of
identical frequency but Raving a relative phase sheli the out-
put will e a dc signal which is directly proportional 10 the
coune ol phase dilference as well as the doubie frequancy
teren

e * Ecconuct
em * Emcoslwet ¢ 0}

€5 * 0cCm = EcEn Ot COStuset * 0}

Epbm

or 6 ~~'5‘ - {eowy teust 2t ¢ 8]

The addition of 8 umpla low pass filtar to the output lwhich
etuninates the second conna tormi and retuen of Ry to an
otiist adpistmant porentiometsr will resuit in a de outpout
vottage which ¢ proportionat to the cosine of the phase dil-
forence  Hence, she ¢ircurt functions as a synchronous
Jetecror

DEFINITIONS OF SPECIFICATIONS

Brcause of the unigus nature of & multiplier, i ¢, two inputs
and one ouiput, operating. specilications are difficuit 1o
define and interprel. [ndeed the same soecification may be
defined in several completely different ways depending upon
which manulacturer is doing the defining. In order 10 clear
up some of this mystery, the faollowing delinitions and
examples sty prasented,

Multiplier Transter Function

The output of the multipher may be expressed by this
equation.

Vo o KiV, 2 Vigy -Vyott! iVy £ Vigy “Vyolt) 2 Voo T
where K = scale factor (see 6.5)
Vx ® "% input voitage
Vy = 'y input voltage
Vigx ® 'x"" input offsst voltage
Vioy * "y input offset voliage
Vy oft = "%’ input olfset adjust voltage

7N

6.2

8.3

6.4

Vy off = "K' input offset adjust voltage '
Voo = 0utput ofiset voltage

The voltage transfer characteristic below indicates "'X", »y~
and output offset voltages.

FIGURE 26

¥ Qi

Vyertav) W2t 10V

Linearity

Linearity i3 defined 10 bs the maximum devistion of output
voltage from a siraight line transler function. 11 is expressed
= 3 percentage of full-scale output and is measured for \ry
and Vv saparately either using anX-Y* plotter {ond checking
the deviation from & straight line) or by using the method
shawn in Figure §. The iziter method nulls the output signat
wath ths input signal, resuiting in distortion components
Proportionai 10 the linearity.

Exampla: 0 35N lineanty means
V.V
Vo » ~x¥ 1 10.0035) 10 voits)

input Offset Voltage

The input offset voltage is defined from Equation (1). Itis
meawired for V, and Vy separately and is defined ta be that
¢ input offset adyust voltage {”x” or "y} that will result in
minimum ¢ outpul when ac {5 Vpp, 1 kHi) is opplied to the
other input {"y™ or "x’ respectively). From Equation{l)
e have:

Votact = K {0t Vigx -V ot} fimwt}
8djust Vy o1 30 that {1 Vigy -V o1t} = 0.

Output Offset Current and Voltage
Output offset current (Lgg) is the de current flowing in the
output tead when Vy » Vy, = G and "X and "Y" offset voit-
ages sra adjusied 10 2910,
Qutout offset voitage (Vool is:
Voo * too AL
where Ry is the losd resisience.
Note: Output olfwt vollage is defined by many mnnu'_ac-
tuterd with all inputs at 2ero but without adjusting
"X and “'Y" offsat voltages 10 tero. Thus it includes

input offset terms, an oulput offset term snd ¥ scale
factor term.

Scals Factor

Scals factor is the K tarm in Equation (1). It determines the
“gain” of the multiplier and is expressed spproximately by
the {ollowing squation.

.

Ko A, . T
ﬁ:ﬁv—l; where Ry and R, 2> a-'-l-

and 1y is the current out of pin 1,
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66 Total DC Accuracy GENERAL INFORMATION INDEX
The toial dc accuracy of 2 multiptier is delined a3 error in
multiplier output with de (£10 Vdc) spplied 10 both inputs. 1. CIRCUIT DESCRIPTION
1t is expressed as 8 percent of full scals, Accuracy is not
specified for the MC1594 because error terms can be nulled 1.1 introduction
by the user. : 1.2 Regulator
1.3 Muitiplier
1.4 Difterential Current Converter
6.7  Temparatirs Stability {Dritt) 2. DC OPERATION
€ ach term defined sbove will have 8 (inite drift with tempars- 21 Selection of External Comnonents
ture. The ternperature specifications are obtained by re- 22 Operationst Amptiber Selection
adjusting the multipher offsats and scale factor at sach new 2.3 Stabibity
temperature {see qmnous definiti and the aij 2.4 Olfser Ad,usiment
procedure} and nating the change. 2.5  Olfset and Scals Facior Adjustment Procedure
Assume inputs are grounded and initial offset voitages have 2.6  Tempersture Stabsity
been adjusted to 2ero. Then output voitage drift is given by: 2.7 Biss Currents
aVg = £INLK (TCKIAT) ) [ ATCV o) (aT) FATCV o ) 2.8 Parasitic Oxciliation
9T 2 (TCV ot {ATH 3 AC OPERATION
31 Genersl
3.2  Bandwidin
6.8 Total OC Accuracy Deift 33 Slew-Rate
i s . 3.4  Phase-Vector Error
This is the temperature dnitt in output voitage with 10 volis 35 Circust Layout
aopled 10 exch mput. The output is adjusied to 10 voits at
Ta = *259C. Asuming initial offset voltages hava been a DC APPLICATIONS
. adjusied 10 2060 3t ¥ 5 = #25°C, then: 41 Sauenng Creuit
Vo * (KK (TCKI (2T} 1[10 & {(TCVigx) (77} 1{10 & 42 Oivide
ITCV o1 171 1 2 1TCV g1 (aT) 43 Savare Root
. S. AC APPLICATIONS
5.1 Widsband Amplitier won Linsar AGC
5.2  Balanced Modutlator
6.9 Powsr Supply Rejection 53 Frequency “odulsior
Vatistion in soner woply voltages will cause undewred §4  Amplitude Vadulstor
variation of the cutput valtage It is/msasured by super- 55  Phase ODetectar
imponng 3 1 voit, 100 Mz wgnal on eaxch supply (115 V)
with £3ch input graunded. The resulting change i the out- [ % DEFINITIONS OF SPECIFICATIONS
DUl s expreswd in MVIV. §1  Mulnplier Transter Fungt.on
§2 Linearsty
8.3 Input Otiset Voitage
6.10  Quiput Voltage Swing 64  Output Offset Current a~d Voitage
Output voitage Swing Capabilily i3 the maximum output 65 Scale Fxior
voltage swing {without clipping) into # resistive 10ad (note- 66 Total OC Accuracy
owtout offset 15 siurted to zerol. 6.7  Tempersture Stabity (Oritt}
H 3 0p-ampl 11 used. the multiplier output becomes a virtual 68  Totsl OC Acturacy Drite
gound - the swing 1 then determined by the wale factor 6.9  Powsr Suppiy Rejection .
and the op-ampl. - ected 6.10 Output Voitam Swing
N,
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