MOTOROLA
m SEMICONDUCTOR
TECHNICAL DATA

WIDEBAND MONOLITHIC
FOUR-QUADRANT MULTIPLIER

. designed for uses where the output 15 a linear product of two
input voltages. Maximum versatility 1s assured by allowing the user
to select the level shift method. Typical applications include: multi-
ply. divide®, square root®, mean square”, phase detector, frequency
doubler, balanced modulator’/demodulator, electronic gain control.

*When used with an operational amplifier.

Wide Bandwidth

Excellent Linearity — 1% max Ecror on X-lnput, 2% max Error on
Y-laput -~ MC1595L

® Excellent Linearity — 2% max Error on X-Input, 4% max Error on
Y-Input — MC1495L

Adjustable Scale Factor, K

Excellent Temperature Stabiiity

Wide Input Voltage Range — + 10 Volts

+ 15 Volt Operation

MC1495L
MC1595L

LINEAR FOUR-QUADRANT
MULTIPLIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

CERAMIC PACKAGE

D SUFFIX
PLASTIC PACKAGE

14« CASE 751A

1 1S0-14)

L SUFFIX

CASE 632

FIGURE 1 — FOUR-QUADRANT
MULTIPLIER TRANSFER CHARACTERISTIC

FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH
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MC1495L, MC1595L

ELECTRICAL CHARACTERISTICS (V* = +32V,V~ = —15V,Tp = +25°C, I3 = l13 = 1.0 mA, Rx = Ry = 15 kQ,
RL = 11 ki unless otherwise noted)
Characteristic ) Figure Symbol | Min Typ Max Unit
Linearity: 5 %
Output Error in Percent of Full Scale:
Ta = +25°C
—10 <V < +10{Vy = =10 V) MC1495 ERX — =1.0 +2.0
MC1595 — =05 +1.0
—10<Vy < +10(Vx = =10 V) MC1495 ERy — =20 =40
MC1595 — =1.0 =20
TA = Oto +70°C MC1495
-10 <Vyx < +10(Vy = £10V} ERx — =15 —
—10<Vy < +10(Vx = +10 V) ERy - =30 —
Ta = —55°Cto +125°C MC1535
—10 < Vy < +10(Vy = =10 V) ERX — +0.76 —
-10<Vy < +10(Vx = =10 V) ERy — =15 —
Squaring Mode Error: 5 Esa %
Accuracy in Percent of Full Scale After
Offset and Scale Factor Adjustment
TA = +25°C MC1495 — +0.75 -
MC1595 - =05 —
Ta = 0to +70°C MC1495 — =10 —
TA = —-55°Cto +125°C MC1595 — +0.75 —_
Scale Factor (Adjustable} — K - 0.1 —
_ _2R
K = i3 Rx Ry)
Input Resistance MC1495 7 RINX - 30 — MQ
{f = 20 Hz) MC1595 — 35 —
MC1495 RiNY — 20 -
MC1595 — 35 —
Differential Output Resistance (f = 20 Hz) 8 Ro — 300 — k2
Input Bias Current 6 uA
| g + | —
lx = Ug + o) Iy = (g + 1g) MC1495 1bx 2.0 12
2 2 MC1595 — 20 8.0
MC1495 ‘by - 2.0 12
MC1595 — 2.0 8.0
Input Offset Current 6 HA
fig - 12| MC1495 [liox! - 0.4 2.0
MC1595 - 0.2 1.0
lg - 1g| MC1495 lioyl — 0.4 2.0
MC1595 — 0.2 1.0
Average Temperature Coefficient of 6 [TCliql nA’C
Input Offset Current
(TA = Oto +70°C) MC1495 - 28 —
(TA = -55°C to +125°C) MC1595 — 25 —
Output Offset Current MC1495 6 [tool 20 100 pA
ll1g-l2l MC1595 — 10 50
Average Temperature Coefficient of 6 ITClool nA°C
Output Offset Current
(TA = 0to +70°C) MC1495 - 20 —
{TA = —55°Cto +125°C) MC1595 — 20 -
Frequency Response 9,10
3.0 dB Bandwidth, R|_ = 11 k{1 BW34B — 3.0 - MHz
3.0 dB Bandwidth, R = 50 (2 {Transconductance Bandwidth} Tew3 dB — 80 — MHz
3° Relative Phase Shift Between Vy and Vy fo - 750 — kHz
1% Absolute Error Due to Input-Output Phase Shift fg — 30 — kHz
Common Mode Input Swing MC1495 1 CMV =105 =12 — Vde
(Either input) MC1595 =115 +13 —
Common Mode Gain MC1496 1" AcMm -40 -50 — dB
(Either Input} . MC1595 -50 -60 —
Common Mode Quiescent 12 Vo1 — 21 — Vde
Output Voltage Vo2 — 21 —
Differential Output Voitage Swing Capability 9 Vo —_ +14 — Vpeak
Power Supply Sensitivity 12 St — 5.0 — mvV/vV
S— — 10 —
Power Supply Current 12 7 - 6.0 7.0 mA
DC Power Dissipation 12 Pp — 135 170 mw
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MC1495L, MC1595L

MAXIMUM RATINGS (T4 = +25°C unless otherwisa noted)
Rating Symbol Value Unit
Applied Voltage &V 30 Vdc
(V2—V1q, V14-V1. V1—Vg, V1-V12. V1—V,,
V1-Vg. V12-V7. Vg—V7, Vg-V7. V4 V3l
Differential Input Signat Vi2—Vg *(6+193 R} Vdc
Va—Vg +(6+13 Ry) Vdc
Maximum Bias Current 13 10 mA
113 10
Power Dissipation {Package Limitation} ’D
Ceramic Package 750 mW
Derate above T 5 = +25°C 5.0 mW/°C
Operating Temperature Range Ta oc
MC1495 Q0to +70 oc
MC1595 -55 ta +125
Storage Temperature Range Tstg -65 to +150 °c

TEST CIRCUITS

FIGURE 4 — LINEARITY (USING NULL TECHNIQUE)
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MC1495L, MC1595L

TEST CIRCUITS (continued)

FIGURE 6 — INPUT AND QUTPUT CURRENT
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MC1495L, MC1595L

TEST CIRCUITS (continued)

FIGURE 12 — POWER SUPPLY SENSITIVITY FIGURE 13 — OFFSET ADJUST CIRCUIT
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MC1495L, MC1595L

TYPICAL CHARACTERISTICS

FACTOR versus TEMPERATURE
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION

THEORY OF OPERATION

The MC1595 (MC1495) s a monolithic, four-quadrant mult:-
plier which aperates on the principle of variable transconductance.
The detarled theary of operation s cavered in Application Nate
AN-489, Analysis and Basic Operation of the MC1595. The result
of this analysis is that the differential output current of the mult-
pher 1s given by

. . 7»|_2vay
ATBT T ARyl

where | 5 and tg are the currents into pins 14 and 2, respectively,
and Vyx and Vy are the X and Y input voltages at the multiplier
input terminals

DESIGN CONSIDERATIONS
General

The MC1595 {MC1495) permits the designer to tailor the
mulupher to a specific application by proper selection of ex-
ternal components External components may be selected to
optimize a given parameter |e.g. bandwidth) which may in turn
restrict another parameter (e.g. maximum output voltage swing).
Each important parameter is discussed in detail in the following
paragraphs

Linearity, QOutput Error, ERy or ERy

Linearity error s defined as the maximum deviation of out-
put vottage from a straight ine transfer function It s expressed
as ecrar «n percent of full scale (see figure below!.

VE max

For example, 1f the maximum deviation, VE(max). 'S
+100 mYV ard the full scale output 15 10 volts, then the
percentage error s

_ VEtmax) oo 100 x 1073

E =
Voimax) 10

x 100 = £1.0%.

Lineanty error may be measured by either of the following
methods-

1 Usingan X — Y plotter with the circuit shown in Figure 5,

obtatn plots far X and Y simtlar to the one shown above

2 Use the circutt of Figure 4. This method nulls the level

shifted output of the multipirer with the ariginal input.
The peak output of the null operational amplifier will be
equal to the error voltage, VE {max)-

One source of linearity error can arise from large signal non-
hnearity in the X and Y -input differential amptifiers. To avoid
introducing error from this source, the emuitter degeneration
resistars Ry and Ay must be chosen large enough so that non-
hinear base-emitter voitage variation can be ignored. Figures 17
and 18 show the error expected from this source as a function
of the values of Ry and Ry with an operating current of 1.0 mA
in each side of the differential amplifierstie ,13=143=10mA)

3 dB Bandwidth and Phase Shift

Bandwidth is primarily determined by the load resistors and
the stray multiplier output capacitance and/or the operational
amplifier used to level shift the output. If wideband aperation
15 desired, low value load resistors and/or a wideband operational
amplifier should be used. Stray output capacitance wili depend
to a large extent an circuit layout.

Phase shift in the multiplier circuit results from two sources
phase shift common to both X and Y channels {due to the load
resistor-output capacitance pole mentioned above) and relative
phase shift between X and Y channels (due to differences in
transadmuttance in the X and Y channels). If the input to output
phase shift 1s only 0.6°, the output product of two sine waves
will exhibit a vector error of 1% A 3° relative phase shift be-
tween Vy and Vy results in a vector error of 5%

Maximum Input Voltage

Vx{max). VY (max) Maxtmum input voltages must be such
that

Vimax} <113 Ry
Vy{max) <13Ry.

E xceeding this value will drive one side of the input amplifier to
“cutoff” and cause non-linear operation

Currents |3 and [ 13 are chosen at a convenient value (observ-
ing power dissipation hmitation) between 0 5 mA and 2.0 mA,
approximately 1.0mA Then Ry and Ry can be determined by
cansidering the input signal handling requirements.

For Vximaxt = V¥ {max} = 10 volts

v
Ry =Ry > =10 k2.
XY T o mA
2VxVy
The equation Ia -lg = ————
RxRyls
¢] d fi | 1 2VxVy
e g =
s derived from |a -lg T 2T
(Ry + 1Ry + 2113
al13 '3

2kT 2kT
with the assumption Ry  —— and Ry >0
ali3 als

AtTp =+25%Cand 113 =13=1mA,

kT
26T AT =524,

al13 alg

Therefore, with Ry = Ry = 10 k{2 the above assumption s valid
Reference to Figure 19 will indicate limitations of Vx(max) of
Vy{max} due 10 Vq and V7. Exceeding these imits will cause
saturation or ‘‘cutoff” of the input transistors See Step 4 of
Section 3 {General Design Procedure) for further details.

Maximum OQOutput Voltage Swing

The maximum output voltage swing 15 dependent upon the
factors mentioned below and upon the particular circuit being
considered

For Figure 20 the maximum output swing s dependent
upan vt for positive swirfg and upon the valtage at pin 1 for
negative swing. The potential at pin 1 determnes the quies-
cent level for transistors Qg, Qg, Q7, and Qg. This potential

MOTOROLA LINEAR/INTERFACE DEVICES



MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION {continued)

shoutd be related so that negative swing at pins 2 or 14 does
not saturate those transistors. See Section 3 for further inform-
ation regarding selection of these potentals.

FIGURE 20 — BASIC MULTIPLIER

If an operational amplifier 1s used for level shift, as shown
in Figure 21, the output swing lof the multiplier} is greatly
reduced. See Section 3 for further details.

GENERAL DESIGN PROCEDURE

Selection of component values 15 best demonstrated by the
following example assume resistive dividers are used at the X and
Y inputs to limit the maximum multiplier input to +5 0 volts (Vx =
VY[max]) fora +10-volt nput (V' = Vy'[max|! (SeeFigure 21).

oV
f an averall scale factar of 1/10 s desired, then
R AL
Ax Ay p:
Vi vy RYXHYY) 40 vywy .
10 1" 5 5 1 Vo = 10 10
AL
9 B
o———o0—- 2 Therefore, K = 4/10 for the multipher (excluding the divider
§ +—o .
vy | 12 network ).
"
*r——0—- o
MC 15951 N o Step 1 The first step 1s to select current 13 and current 113,
2. MC1485L: There are no restrictions on the selection of either of these currents
*—0— N
vy ‘ s Vo =KV vy except the power d!snpatlon of the device. 13and 113 wil narmally
| ——o0— R, be one or two milliamperes Further, |3 does not have to be equal
TRy RY13 to 193. and there 1s normally no need to make them different. For
3 1 ; this example, let
b
‘ ig=113=1mA
a3 R13
' To set currents 13 and 113 to the desired value, it 1s only
necessary to connect a resistor between pin 13 and ground, and be-
= = tween pin 3 and ground. From the schematic shown in Figure 3,
v-
FIGURE 21 — MULTIPLIER WITH OP-AMPL. LEVEL SHIFT
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION (continued)

it can be seen that the resistor values necessary are given by’

AVad I
R13+soon=—~—| 1-07 v
i3
R3+500 & = vi-07v
'3
Let V™ =-15V
14

Then Ry3+500 = '3AV orRq3=138 kN

1m.
Let Ry3=12kQ

Simiarly, R3 =138k
Let Rz =15k

However, for apphcations which require an accurate scale factor,
the adjustment of R3 and consequently, 13, offers a convenient
method of making a final trim of the scale tactor. For this reason,
as shown in Figure 21, resistor R3 1s shown as a fixed resistor in
series with a polentiomeler.

Far applications not requiringan exact scale factor (balanced
modulator, frequency doubler, AGC amplifier, etc }, pins 3 and 13
can be connected together and a single resistar {rom pin 3 to ground
can be used In this case, the single resistor would have a value of
one-half the above calculated value for Rq3.

Step 2. The next step is to select Ry and Ry. To insure
that the input transistars will always be active, the following condi-
tions should be met

vx vy
—<l13 — <l3.
Rx Ry

A good ruie of thumb 15 to make I3Ry 22 1.5 Vyimax) and
M3 RXZ 15 Vximax)-

The larger the i3Ry and 1{3R x product n relation to Vy
and Vy respectively, the more accurate the multiphier will be {see
Figures 17 and 18)

Let Ry = Ry = 10 k{2
Then I3Ry = 10 V
113Rx = 10 V

since Vx{max) = VY¥imax) = 5 Ovolts the vatueof Ry = Ry = 10 kS?
1s sutficient

Step 3 Now that Ry, Ry and 13 have been chosen, R can
be determined
2R 4

Koo
RxRyly 10

or (21 Ry - 4

{10k (10K (1 mA} 10

Thus R = 20 k2.

Step 4. To determine what power-supply voltage is necessary
for this application, attention must be given to the circuit schematic
shown in Figure 3. From the circuit schematic it can be seen that
n order to maintain transistors Qq, Q2. Q3 and Q4 in an active

region when the maximum input voltages are applied (V' =Vy'=
10Vor Vx =5.0 V., Vy =50 V), their respective collector vaitage
shauld be at least a few tenths of a volt higher than the maximum
nput voltage. It shou!d also be noticed that the collector voltage
of transistars Q3 and Q4 are at a potential which i1s two diode-drops
below the voltage at pin 1 Thus, the voitage at pin 1 shouid be about
two volts hugher than the maximum input voltage. Therefore, 10
handle +5 0 volts at the inputs, the voltage at pin 1 must be at least
+7.0 volts. Let V4 = 9.0 Vdc .

Since the current following into pin 1 is always equal to
213, the voltage at pin 1 can be set by placing a resistor, Ry from
pin 1 t0 the positwe supply

vtovy

Ap=__""1
213

Let v'-+15V

15V -9V
{2) (1 mA)

Then Ry =

Ry =3k

Note that the voltage at the base of transistors Qg, Qg, Q7 and Qg
1s ane diode-drop below the voltage at pin 1. Thus, 1n order that
these transistors stay active, the voltage at pins 2 and 14 should be
approximately halfway between the voltage at pin 1 and the positive-
supply voltage For thisexample, the voltage at pins 2 and 14 should
be approximately 11 valts

Step 5 For dc applications, such as the muitiply. divide and
square-root functions, it is usually desirable to convert the differential
output to a single-ended output voltage referenced ta ground. The cir-
cuit shown in Figure 22 performs this function It can be shown that
the output voltage of this circuit is given by

Vo = lig -1141 RL

2Uxly  2VxVy
13 I3RxRy

And since Ip -lg =12 -114 =

2R VX Vy'
4RxRxl3 where Vyx'Vy'is the voltage at the
nput to the voltage dividers,

Then Vg =

FIGURE 22 ~ LEVEL SHIFT CIRCUIT
-
!

< <
Ro < R
p: o
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION (continued)

The choice of an operational amplifier for this application
should have low tias currents, low offset current, and a high
common-mode input vaitage range as well as a high common-mode
rejection ratio The MC1556, and MC1741 operational amplifiers
meet these requirements

Referring to Figure 21, thelevel shift components will be de-
termined When Vy = Vy =0, the currents 15 and 14 will be equal
tol13. InStep 3, R|_was found 10 be 20 k2 and n Step 4, V3 and
V14 were found to be approx)mately 11 volts From this informa-
uon, Ry, can be found easily from the foliowing equation {neglect-
ing the operationai amphifiers bias current)

A
— +1 =
RL
And for this example, HL v 1mA = 1BV-11V
20 k2 Ro

Solving for Rg, Rg = 2.6 k2

Thus. select R =30k

For Rg = 30 k{2, the voltage at pins 2 and 14 15 calculated to be
Vo = V14 = 104 volts,

The hnearity of thiscircait {Figure 21) 1s likely to be as good
or better than the circuit of Figure 5  Further improvements are

possible as shown in Figure 23 where Ry has been increased sub-
stantially to improve the Y lLinearnity, and Rx decreased somewhat
50 as not to materiatly affect the X hinearity, this avoids increasing
R sigmificantly in order to maintain a K of 01

The versatihty of the MC1535 {MC1495) allows the user to
to optimize its perfarmance for various input and output signal
levels

OFFSET AND SCALE FACTOR ADJUSTMENT
Offset Voltages

Within the monolithic multiplier [Figure 3] transistor base-
emitter junctions are typically matched within 1TmV and resistors
are typically matched within 2%. Even with this careful match-
Ing, an output error can occur. This output error is comprised
of X-input offset voltage, Y-input offset voltage, and output
offset voltage These errars can be adjusted to zero with the tech-
mgues shown n Figure 21. Offset terms can be shown ana-
Iytically by the transfer function

Vo = KIVx £ VioxEVX off) IVy £ VIOYEVy off! £ Voo 1

Where K scale factor
Vx - X input voitage
Vy - Y mput voltage
VIOX - X input offset voltage
VIOY - Y input offset voltage

VX off= X input offset adjust voltage
Vy off = Y mput offset adjust voltage

Voo - output offset voltage.

FIGURE 23 — MULTIPLIER WITH IMPROVED LINEARITY
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION {(continued)

X, ¥ and Output Offset Voltages

Vo

Qutput Vo Qutput
Offset Offset
i Tvx Y f Vy
X Offsat -J fe— Y Offset f—

For most dc applicatians, all three offset adjust potentiome-
ters (Pq, P, P4} will be necessary. One or more offset adjust
potentiometers can be eliminated for ac applications {See Figures
28, 29, 30, 31)

1f well regulated supply voltages are available, the offset ad-
Just circuit of Figure 13 is recommended. Otherwise, the circunt
of Figure 14 will greatly reduce the sensitivity to power supply
changes.

Scale Factor

The scale factor, K, 1s set by P3(Figure 21) Pgvarieslgwhich
inversely controtls the scale factor K. It should be noted that
current 13 Is one-half the current through Ry. Ry sets the bias
level for Qg, Qg. Q7. and Qg |See Figure 31 Therefore, to be
sure that these devices remain active under all conditions of input
and output swing, care should be exercised in adjusting P3 over
wide voltage ranges {see Section 3, General Design Procedure).

Adjustment Procedures

The following adjustment procedure should be used to null
the offsets and set the scale factor for the multiply mode of
operation. (See Figure 21)

1. X Input Offset

(a} Connecioscillator {1 kHz, 5 Vpp sinewave)} to the
"Y' input {pin 4)

{b) Connect X" input (pin 9] 1o ground

{c} Adjust X offset potentiometer, P5, for an ac null
at the output
2 Y Input Offset

{a) Connect oscillator (1 kHz, 5 Vpp sinewave) 1o the
X input {pin 9)

{b} Connect 'Y input {pin 4) ta ground

{c) Adyjust "Y* offset potentiometer, Pq,for an ac null
at the output
3 OQutput Offset

{a) Connect both “X” and "Y' inputs to ground

{b) Adjust output offset potentiometer, P4, until the
output voltage V, is zero volts dc
4 Scale Factor

fa) Apply +10 Vdc to both the “X" and “Y" inputs

{b} Adyust P3 to achieve + 10.00 V at the output
5 Repeat steps 1 through 4 3s necessary.

The ability to accurately adjust the MC1595 (MC1495)
depends upon the characteristics of potentiometers Py
through P4. Multi-turn, infinite resolution potentiomet-
ers with low-temperature caetficients are recommended.

DC APPLICATIONS
Multiply

The circuit shown in Figure 21 may be used to muttiply
signals from dc to 100 kHz Input levels to the actual multi-
plier are 5.0 V (max) With resistive voltage dividers the maxi-
mum could be very large — however, for this application two-
to-one dividers have been used so that the maximum input
level1s 10 V. The maximum output level has also been designed
for 10 V {max).

Squaring Circuit

If the two inputs are tied together, the resultant function is
squaring. that is Vo = KV2 where K 1s the scale factor. Note
that all error terms can be eliminated with only three adjustment
potentiometers, thus eliminating one of the input affset adyust-
ments. Procedures for nulhing with adjustments are given as
follows"

1. AC Procedure

ta} Connect oscitlator {1 kHz, 15 Vpp) to input

(b} Monitor output at 2 kHz with tuned voltmeter
and adjust P3 for desired gain {be sure to peak response
of the voltmeter)

lc) Tune voltmeter to 1 kHz and adjust Py for a min-
imum output voltage

Id) Ground nput and adjust P4 loutput offset) for
zero volts dc output

(e} Repeat steps a through d as necessary
2. DC Procedure

la) Set Vx = Vy = 0 V and adjust P4 loutput offset
potentiometer) such that Vg = 0.0 Vdc

Ib) Set Vx = Vy = 10 V and adjust P1 {Y input
offset patentiometer] such that the output voltage s
+0 100 volts

Ic) Set Vyx = Vy = 10 Vdc and adjust P3 such that the
output voltage is + 10 00 volts

1d) Set Vx = Vy = -10 Vdc. Repeat steps a through
d as necessary

FIGURE 24 - BASIC DIVIDE CIRCUIT

Kvx vy

L‘-’x

V7 @——AAA—
Rz

Divide Circuit

Consider the circuit shown 1n Figure 24 1n which the mutti-
pher 1s placed in the feedback path of an operational amplifier
For this configuration, the operational amplifier will mantain
a “virtual ground’’ at the inverting (-} input Assuming that the
bias current of the operational amplifier 1s negigible, then |1 =
19 and

Kvxvy -Vz o
R1 R2
-R1 Vz 2)
Solving for Vv, Vy = R2 K W( )
1f R1=R2
-vz
Vy :K_Vx {3
It R1 = KR2
Y
vy - vz (4)
Vx
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OPERATION AND APPLICATIONS INFORMATION (continued)

Hence, the output voltage is the ratro af Vz to Vx and provides
adwide function Thisanalysis is, of course, the ideat condrian.
If the multipher error is taken 1nto account, the output voltage

15 found to be

R1)vy -E
ve-l—l=+—
R2KJVx KVx

where E s the error voitage at the output of the muttiplier
From this equation, 1t s seen that divide accuracy 1s strongly
dependent upon the accuracy at which the muluplier can be 2.
set, particularly at small values of Vy. For example, assume
that R1 = R2, and K = 1/10. For these conditions the output

of the divide circuit 1s given by

-10vy  10°E
- iy

\Y —_ 4 —
v X Vx

From equaton 6, it 1s seen that only when Vx = 10 V 1s the
errar voltage of the divide circuit as low as the error of the
For example, when Vy 1s small, (0.1 volt) 2
the error voltage of the divide circuit can be expected to be a

multiply circuit.

From equation 7, the percentage error is tnversely related to
voltage Vz li.e., for increasing values of V2, the percentage
error decreases).

A circuit that performs the divide funchion s shown in
Figure 25.

Two things should be emphasized concerning Figure 25,
(5) 1 The wnput valtage {V'y) must be greater than 2ero and
must be positive This insures that the current out of
pin 2 of the multiplier will always be in a direction com-

patible with the polarity of Vz

Pins 2 and 14 of the multiplier have been interchanged
In respect to the operational amplifiers input terminals
in thisinstance, Figure 25 drffers from the circuit connec-
tion shown in Figure 21, necessitated to insure negative
feedback around the loon.

{6) A Suggested Adjustment Procedure for the Divide Circust

1. Set Vz = 0 volts and adjust the output offset potentio-
meter {P4) until the output voltage (Vo) remains at saome
{not necessarily zerol constant value as V' s varied
between +1 0 valt and +10 volts.

Keep Vz at 0 volts. set Vx' at +10 volts and adjust the
¥ input offset potentiometer (P4} untl Vi, = 0 valts

hundred ttmes the errar of the basic muluplher circuit

In terms of percentage error,

rror

3 Let Vx' = Vz and adjust the X :nput offset potentio-
meter (P5] unul the output voltage remains at some (not
necessarily - 10 volts) constant value as Vz = V' 1s

percentage ecrar = ¢ l x 100% varied between +1 0 and +10 volts
actua
4 Keep Vy' =Vyzand adjust the scate factor potentiometer
or from equation {5), (P3) until the average value of V5 1s - 10 volts as Vz =
V' is varied between +1 0 volt and +10 volts
5 Repeat steps 1 through 4 as necessary to achweve opti-
€ mum performance
Kvx _|r2} &
PEQ Ty == — - 7 Square Root
R1 [ Vz [R1|vz
— | — A special case of the divide circuit in which the two inputs to
R2 K{ Vy the muttpher are connected together is the square root function
FIGURE 25 — DIVIDE CIRCUIT
t3% 15y
! !
— +15 v
Rx L 3 p: 3
310 e e 39k 23 2 1n
\um 5 5 7 1
14
—O0—
ML1595L .
WC13sL) Yo
vz
2 vx
13 a [}
PRV
18k Wk
3
TO DFFSET
Sk 17 ADJuST bk QUTPLT 0 V10
SEALE G (SEE FIGURE 13 P4 225321 SRV mVZ 0
FACTOR L
aDJUST = = =
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OPERATION AND APPLICATIONS INFORMATION (continued}

FIGURE 26 — BASIC SQUARE ROOT CIRCUIT

MC1595L -

1MC14350)

as mdicated in Figure 26. This circuit may suffer from
latch-up problems similar to those of the divide circuit  Note
<hat only one polarity of input is allowed and diode clamping
isee Figure 27} protects against accidental latch-up

This circuit also may be adjusted in the closed-loop mode as
follows

1 Set V7 to -0.01 volts and adjust P4 {output offset} for
Vo = +0 316 volts, being careful to approach the output
from the positive side to preclude the effect of the out-
put diade clamp:ng

2. Set Vz to -09 volts and adjust P3 (X adjust] for Vg =
+3 0 volts

3. Set Vz to - 10 votts and adjust P3 (scale factor adjust)
for Vg = +10 voits

4 Steps 1 through 3 may be repeated as necessary to achieve
desired accuracy

AC APPLICATIONS

The applications that follow demonstrats the versatility of the
manolithic multiplier. |f a potted multiplier is used for these
cases, the results generally would not be as good because the potted
units have circuits that, although they aptimize dc multiplication
operation, can hinder ac applications

Frequency doubling often is done with a diode where the
fundamental plus a series of harmanics are generated. However,
extansive filtering 1s required 10 obtain the desired harmonic,
and the second harmonic obtained under this technigue usuaily
1s small in magnitude and requires amplification.

When a muluplier 1s used to double frequency the second
harmonic 1s obtained directly, except for a dc term, which can
be removed with ac couphing

e- = KEZ2cos2 Lt

KEZ

€ = C— {1+ cos 2ut),
2

A potted multiplier can be used to obtain the double fre-
quency caomponent, but frequency would be limited by 1ts
nternal level-shift amplifier in the monolithic units, the amph-
fier »s omitted.

In a typical doubler circuit, conventional £ 15-volt supphes
are used. An input dynamic range of 5.0 volts peak-to-peak 15
allowed The circuit generates wave-forms that are double fre-
quency, less than 1% distortion 1s encauntered without filtering
The configuration has been successfully used in excess of 200
kHz, reducing the scale factor by decreasing the load resistors
can further expand the bandwidth.

A stightly modified version of the MC1535 (MC1495) —
the MC 1596 {MC1496) — has been successfully used as a doubler
to obtain 400 MHz. (See Figure 28 )

Figure 29 represents an apphcation for the monolithic
multiplier as a balanced modulator Here, the audio input signal
181 6 kHz and the carrier 1s 40 kHz

FIGURE 27 — SQUARE ROOT CIRCUIT

-15 Y 15
T p
@15y
> 10+ L Ry 5 3 3
10 104 0% I9x : k dw
mm ms Y
4 14
p—o0—|- —o
MC15950 .
{MCH950) s
Vo = JT0 V]
g 2
o > MZ92 118
. i 0A EQUIV
s 3 11 L] wzi
:L = VW —8 vz
13k = 3 1Bk 0k
AL
5k 12k TO OFFSET S QUTRUT
N ADJUST 3 et
SCALE 3 \SEE FIGURE 13) OFFS SOV vz Y
t A00ST
FACTOR 1
ADIUST = = =

MOTOROLA LINEAR/INTERFACE DEVICES

11-37




MC1495L, MC15395L

OPERATION AND APPLICATIONS INFORMATION (continued)

FIGURE 28 — FREQUENCY DOUBLER

Ay Ax
82x B2k VEE=+15V
’
5 1] 10 1
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4 130k
€ coswt [: °
<5 Vppt 3 Ll
e 133k
MC1595L —O—-A—¢
ofrsEr o v 8 (MCI1ag5L

ADJUST Ri

12 mn 3w
_[0—— —0—
3 13 7 ~O"
"SELECT 1
b
S8k 104
E2

= -15v

When rwo equal cosine waves are applied to X aad ¥
the resuit 152 wave snzpe ol twice the mput Frequency
For this exampre the mput a2s a 10 xHz sgnal autput
was 20 kHz

FIGURE 29 — BALANCED MODULATOR
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The defining equation for batanced modulation 1s

KIEm c0s wmt) {E¢ cos wet) =

KEcEm
[€os (we + wm) t + cos lwe — wmit]

where . is the carrier frequency, wm s the modulator fre-
quency and K 1s the muluplier gain constant

AC coupling at the output eliminates the need for level trans-
lauon or an operational amphfier, a higher operating frequency
results

A problem common to communications 1s t0 extract the
inteltigence from single-sideband received signal. The ssb signal
1s of the form

egsh = A cos {we + wmlt

and 1f multiplied by the appropriate carrier wavetorm, cos w.ct,

AK
€ssbecarrier = - [cos {20 + wmlt + cos twelt).

If the frequency of the band-limited carrier signal, we. Is ascer-
taned in advance the designer can insert a low-pass filter and
obtain the (AK/2) (cos wet) term with ease. He also can use an
operational amplifier for a combination level shift-active filter,
3s an external component. But in potted multipleers, even if
the frequency range can be covered, the operational amphfier
1s inside and not accessible, so the user must accept the level
shifting provided, and sull add a low-pass filter.

Amplitude Modulation

The multiplier performs amplitude modulation, similar to
balanced modulation, when a dc term 1s added to the modulating
signal with the Y offset adjust potentiometer {See Figure 30 )

Here, the identity s

Emlt + mcos wmt) E¢ cos wet = KEpmEcos wet +

KEmEem
—————[costioe + wmlt + cos {we ~ wmlt]

where m indicates the degree of modulation Since m s adjust-
able, via potentiometer Py, 100% modulation s possible With-
out extensive tweaking, 96% modulation may be obtained where
we @nd wm are the same as in the balanced-modulator example

Linear Gain Control

To obtain linear gan controf, the designer can feed to one
of the two MC1595 (MC1495) inputs a signal that will vary the
unit'sgain  The following example demonstrates the feasibihty
of this application. Suppose a 200 kHz sine wave, 1.0 volt
peak-to-peak, is the signal to which a gain control will be added.
The dynamic range of the contro! voltage Vc is 0 to +1.0 volt.
These must be ascertained and the proper values of Ry and Ry
can be selected for optimum performance. For the 200-kHz
operating frequency, load resistors of 100 ohms were chosen to
broaden the operating bandwidth of the multipher, but gain was
sacrificed ttmay be made up with an amplifier operating at the
appropriate frequency (See Figure 31.)
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FIGURE 30 — AMPLITUDE MODULATION
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96% MODULATION

The signal Is applied to the unit's Y input Since the total
input range 15 limitad to 1.0 volt p-p, a 2.0-volt swing, a current
source of 2.0 mA and an Ry value of 1.0 kilohm is chosen.
This takes best advantage of the dynamic range and insures
hnear operation in the Y -channel

Since the X input vanes between 0 and +1.0 volt, the current
source selected was 1 0 mA and the Ry value chosen was 2 0
kilohms. This aiso insures linear operation over the X input

dynamic range

Choosing R|_ = 100 assures wide-bandwidth operation. Hence,
the scale factor for this configuration 1s

(2Kk11 k2 x 10%3)

RL

" RxRyl3

100
v-1

RNV
40

The 2 in the numeratar of the equation s missing n this scale-
factor expression because the output 1s single-ended and ac

coupled
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