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MOTOROLA N MC1495

SEMICONDUCTOR
TECHNICAL Dﬁ@%f MC1595

'\\o /Q

AN

\//;
Wldeba Llnear LINEAR FOUR-QUADRANT
Fow/%@uad rant Multiplier MULTIPLIER

C1 495/1595 is designed for use where the output is a linear product
of two'input voltages. Maximum versatility is assured by allowing the user SILICON MONOLITHIC
xﬁt&\electthelevel shift method. Typical applications include: multiply, divide*, INTEGRATED CIRCUIT

\square root*, mean square”, phase detector, frequency doubler, balanced

modulator/demodulator and electronic gain control.

® Wide Bandwidth D SUFFIX

® Excellent Linearity: PLASTIC PACKAGE
2% max Error on X input, 4% max Error on Y [nput (MC1495) » CASE 751A
1% max Error on X Input, 2% max Error on Y Input (MC1595) ) {S0O-14)

Adjustable Scale Factor, K

Excellent Temperature Stability
Wide Input Voltage Range: £ 10 V L SUFFIX n
+ 15 V Operation CERAMIC PACKAGE "

. . - CASE 632
"When used with an operational amplifier. !

Figure 1. Multiplier Transfer Characteristic Figure 2. Transconductance Bandwidth
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Figure 3. Circuit Schematic
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Q
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Y Input [ ) Xlnput ()
40— 1 Q2 Q3 Q4 —o12 ORDERING INFORMATION-
; 4.0k | 4.0 4.0k? _ 4.0k 1 Ambient\ )
62 g}g Device Temperature 'ge | Package
3
MC1495D . 70& 50-14
O _fp }A [+
MC15950 - \2/‘)
v. 5002 500 500 500 500 3 500 A\~
70 MC1495L | L~ Ceramic DIP
- =55° to +125°C
MC1595L
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MC1495, MC1595

ELECTRICAL CHARACTERISTICS (+V =432V ,—-V=-15V, Tp = +25°C, I3 =113 = 1.0 mA, Rx = Ry = 15 k&,
RL = 11 k&, unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Linearity (Qutput Error in percent of full scale) 5 %
Ta = +25°C
—10 < Vx < +10 (Vy = £10 V) MC1495 ERxX — +1.0 +2.0
MC1595 — +0.5 +1.0
10 < Vy < +10 (Vx =£10V) MC1485 ERy — 2.0 4.0
MC1585 — +1.0 +2.0
Ta = 0°t0 +70°C
—10 < Vx < +10 (Vy = 210 V) MC1495 ERX — £1.5 —
10 < Vy <+10 (Vx =+10V) ERy — +3.0 —
Ta =—-55°to +125°C MC1595
=10 <Vyx < +10 (Vy =210 V) ERx — +0.75 —
—-10<Vy <+10 (Vx =£10V) ERy — +1.5 —
Square Mode Error (Accuracy in percent of full scale after 5 Esq %
Offset and Scale Factor adjustment)
Ta = +25°C MC1485 — +0.75 —
MC1595 — 0.5 —
Ta = 0°to +70°C MC1495 —_ +1.0 —
Ta =-55°t0 +125°C MC1585 — +0.75 —_
le F j ! — K — 0.1 —_
Scale Factor (Adjustable) ( _ 2R )
13 Rx Ry
Input Resistance MC1495 7 Rinx — 30 — MQ
(t = 20 Hz) MC1595 — 35 —
MC1485 Riny — 20 —
MC1595 — 35 —
Differential Output Resistance (f = 20 Hz) 8 Ro — 300 — kQ
input Bias Current 6 pA
MC1495 | — 2.0 12
Ig+1 Ig + | bx
lpy = L9+ 112) Iy = (la+lg) MC1595 — 2.0 8.0
2 2 MC1495 oy — 2.0 12
MC1595 — 2.0 8.0
Input Offset Current 6 pA
g —1l12| MC1495 liox| - 0.4 2.0
MC1595 — 02 1.0
g — g MC1495 iyl — 0.4 20
MC1595 — 0.2 1.0
Average Temperature Coefficient of Input Offset Current 6 [TCliot nA/C
(Ta = 0° to + 70°C) MC1495 — 25 —
(Ta = -55°to +125°C MC1595 — 25
Output Offset Current MC1495 6 llool 20 100 WA
g4 =12 MC1595 — 10 50
Average Temperature Coefficient of Output Offset Current 8 ITCi00l nA/°C
(Tp = 0° to + 70°C) MC1495 — 20 —
(Tp =—55°to + 125°C) MC1585 — 20 —
Frequency Response 9,10
3.0 dB Bandwidth, R|_ = 11 kQ BW(3dB) - 3.0 — MHz
3.0 ¢B Bandwidth, R|_ = 50 Q (Transconductance Bandwidth) TBW(3dB) — 80 — MHz
3° Relative Phase Shift Between Vy and Vy f§> — 750 — kHz
1% Absolute Error Due to Input-Output Phase Shift 10 — 30 — kHz
Common Mode Input Swing MC1495 1 CMmyV +10.5 +12 — Vde
(Either input) MC1595 £11.5 +13 —
Common Mode Gain MC1495 11 ACM —40 -50 — dB
(Either Input) MC1585 -50 —60 —
Common Mode Quiescent 12 Vo1 — 21 — Vdc
Output Voltage Yoz — 21 —
Differential Output Voltage Swing Capability 9 Vo — +14 — Vpk
Power Supply Sensitivity 12 St — 5.0 — mvVi/v
5= — 10 —
Power Supply Current 12 7 — 6.0 7.0 mA
DC Power Dissipation 12 Pp — 135 170 mwW
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MAXIMUM RATINGS (T = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Applied Voltage AV 30 Vdc
(V2-V1, V14-V1, Vi=Vg, V1-V1p, V1-Vy,
V1-Vg, V12-V7, Vg-V7, Vg-V7, V4-V7)
Differential input Signal Vio-Vg +(6+113 Ry) Vdc
Va-Vg +(6+l3 Ry)
Maximum Bias Current I3 10 mA
3 10
Power Dissipation (Package Limitation)
D Suifix, Plastic Package PD 862 mwW
Derate above Tp = +25°C 145 mw/°C
J Suffix, Ceramic Package Pp 750 mw
Derate above Tp = +25°C 5.0 *C/W
Operating Temperature Range TA °C
MC1495 0to +70
MC1595 -55t0 +125
Storage Temperature Range Tstg —65 to +150 °C

Figure 4. Linearity (Using Null Technique)

Vi
+16V
Vy
Es
vy 1k
+
T
= o Ve
Offset Adjust
See Figure 13
by
Adjost ::E 0.1uF NOTE: Adjust “Scale Factor Agjust” for a null in VE. -15v
= = This schematic for illustrative purpoeses only, not specified for test conditions.
Figure 5. Linearity {(Using X-Y Plotter Technique)
ijin Ry = 16k Ry = 15k v
.
sorg 4 59 6 m” . s}k 0.1pF
*—0— /
we—s ot
vz Rpq =11k =
8 MC1495 —% * g oy
§ - o Platter - Piotter
Oftset Adjust | ¥ Rpy=11k VO vin Piotter Xnput
(See Figures 13 and 14| 12 14 ' put P
Xe—o 1
'y —
30t I3 B
12k
Ryz=13.7k
R3 I
5.0k L
Faclor 0.1uF
Adjust L 1
TV
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Figure 6. Input and Output Current Figure 7. Input Resistance
Ry= 15k Ry = 15k +:2v ey = 1.0V {rms) Ry = 15k Ry = 15k 82V
4 m 10 1" 9.1k 1.0M 4 58 10 111 9.1k
] FO—wWh—"719 AAA
— 1 91 Fo—WA——@
lq 9 1M 9 ,
—0 |2 11k
o8 MCHEs o e & o MC1495  FO—WA—9
lrjgo—' 2 | ,’5,.‘ A ) =
Ig 12 14 .1__4_ e 12 14 11k I
= 0.44F oM 3 97 13
e ’ ™ 1.0M
L = . k
=+ g2 12 13.75k +
I3 = 1.0mA T = = 0.1pF =
Scale 50k | < sok | L -
Factor O.TpF
Adjust L LA L = =
I = sV Rinx = Riny =R ™ -2 = sy T =
Figure 8. Cutput Resistance Figure 9. Bandwidth (R = 11kQ)
RY= 15k HX =15k +3%V RY =15k Ry =15k 4,3?\/
m Mn 4 m 10 off
4 1Sk | ejn = 1.0 V(ms) ; 1 9.1k .
S — &g &n 9 2 1k
) @_EE HL}; 1:“‘ © MC 1495 o i
8 MC1495 8 14 11k
y
14tk L 1.0V 12 13
~ = _
€ = = 3 7 T 0.1uF
1.0v(ms) 7 0-1uF 12k Ri3
20Hz = 13.7k Py 1
" Eo =
0.1pF -~
13.7% Scale sok | T = G < 3.0pF
Factor = !
. Adust Y y 1 .
- -15
Ro=RL| - 2|
e
Figure 10. Bandwidth (R, = 50 Q) Figure 11. Common Mode Ga'un and
Common Mode Input Swing
Ry="510 Ry =510 +18Y 15k 15k +32V
cMY
4 m m”1 t- 23(Hz) 4 m m”1
©jny = 1.0 V{rms) O
]
&n 9 —%)—
MC1495 —0— MC1495
8 "
L oV 1 3
- ? 0.1uF CMVy 12634 1 Vo 0.1yF
I {f=20Hz) “1.0mA 12k t I -
K=40 o Y = 1.0mA
] =
0 1uF 5.0 .
Scale == CL <3.0pF Vo
Factor ' 5.0k Acp = 20 log oMy
Adjust . =
= 15y - =

Vo
or 20 leg W
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Figure 12. Power Supply Sensitivity Figure 13. Offset Adjust Circuit

V+
+32v +32v
15k 15k A
2.0k
ToPing Pot#l Pot #2 To Pin 12
MC1495 Y Offset —@—>< 10k 10kSe—e— X Offset
Adjust Adjust
WA
2.0k
v 1av] s2v o L
= R 10k| 22k fﬂ)k -
2N2905A 54 - 1A lo1-Vooll 15V
p 22k 4=
or Equivalent AV+
-15V __ 1A 0oy - Vol
-15V 5-= AV

Figure 14. Offset Adjust Circuit (Alternate)

v+
E R
S 5.1V
2
ToPin8 Pot #1 Pot #2 To Pin 12
Y Offset 10k 10kS>e—e— X Offset
Adjust Adjust
‘.———"‘—n~——lv
Vvt 15V |32V 5.1V 4
R |20k|51k 2
-15V
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Figure 15. Linearity versus Temperature

MC1495, MC1595

Figure 16. Scale Factor versus Temperature
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Figure 17. Error Contributed by Figure 18. Error Contributed by
Input Differential Amplifier input Differential Amplifier
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Figure 19. Maximum Allowable input Voltage versus Voltage at Pin 1 or Pin 7
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OPERATION AND APPLICATIONS INFORMATION

THEORY OF OPERATION

The MC1495 is a monolithic, four-quadrant muitiplier which
operates on the principle of variable transconductance. A
detailed theory of operation is covered in Application Note
AN489, Analysis and Basic Operation of the MC1595. The
result of this analysis is that the differential output current of
the multiplier is given by:

2V Vy

IA-IB=Al=5STA"Y

A-B=4 RxRyl3

where, |pA and Ig are the currents into Pins 14 and 2,
respectively, and Vx and Vy are the X and Y input voitages at
the multiplier input terminals.

DESIGN CONSIDERATIONS

General

The MC 1495 permits the designer to tailor the multiplier to
a specific application by proper selection of external
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
tollowing paragraphs.

Linearity, Output Error, ERy or ERy

Linearity error is defined as the maximum deviation of
output voltage from a straight line transfer function. It is
expressed as error in percent of full scale (see figure below).

Vo __L

+Qv

For example, if the maximum deviation, VE(max). is
$+100 mV and the full scale output is 10 V, then the percentage
error is:

ER = YE(max) | 100 = 10921073 | 460 - +1.0%.
Vo(max) 10

Linearity error may be measured by either of the following
mathods:
1. Using an X-Y plotter with the circuit shown in Figure
5, obtain plots for X and Y similar to the one shown
above.

2. Use the circuit of Figure 4. This method nuils the level
shifted output of the muitiplier with the original 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

nonlinearity in the X and Y input differential amplifiers. To avoid
introducing error from this source, the emitter degeneration

resistors Ry and Ry must be chosen large enough so that
nonlinear base-emitter voltage variation can be ignored.
Figures 17 and 18 show the error expected from this source as
atunction of the values of Ry and Ry with an operating current
ot 1.0 mA in each side of the differential amplifiers (i.e., I3 = 113
= 1.0 mA),

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 operation is
desired, low value load resistors and/or a wideband
operational ampiifier should be used. Stray output capac-
itance will depend to a large extent on 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 transadmittance in the X and Y channels). If the
input to output phase shift is only 0.6°, the output product of
two sine waves will exhibit a vector error of 1%, A 3° relative
phase shift between Vy and Vy resulits in a vector error of 5%.

Maximum Input Voltage
VX(max), V¥(max) input voitages must be such that:
VX(max) <l13 Ry
Vy(max) <I3 Ry
Exceeding this value will drive one side of the input amplifier to
“cutoff” and cause nonlinear cperation.

Current I3 and |13 are chosen at a convenient value
(observing power dissipation limitation) between 0.5 mA and
2.0 mA, approximately 1.0 mA. Then Ry and Ry can be
determined by considering the input signal handling
requirements.

For Vx(max) = VY(max) =10V;

Rx =Ry> i'joorXA = 10k,
The equation |a - Ig = S\)ZXR\\/(YQ
is derived from 15 - Ig = . 2VXVy T
(Rx + 250 ) (R + g1 )13
with the assumption Ry >> %3 and Ry >> i—g .

At TA = +25°C and 143 =13 = 1.0 mA,

2KT _2KT _ o5y
a3 a3
Therefore, with Rx = Ry = 10 k€2 the above assumption is
valid. Reference to Figure 19 will indicate limitations of
VX(max)orVy(max)yduetoV{andVz.Exceedingtheselimitswill
cause saturation or “cutoff” of the input transistors. See Step 4
of General Design Procedure for further details.
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Maximum Qutput Voltage Swing

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

For Figure 20 the maximum output swing is dependent
upon V+ for positive swing and upon the voltage at Pin 1 for
negative swing. The potential at Pin 1 determines the
quiescent level for transistors Q5, Qg, Q7 and Qg. This
potential should be related so that negative swing at Pins 2 or
14 does not saturate those transistors. See General Design
Procedure for further information regarding selection of
these potentials.

Figure 20. Basic Multiplier

If an operational amplifier is used for level shift, as shown in
Figure 21, the output swing (of the multiplier) is greatly
reduced. See Section 3 for further details.

GENERAL DESIGN PROCEDURE

Selection of component values is best demonstrated by the
following example. Assume resistive dividers are used at the X
and Y-inputs to limit the maximum multiplier inputto + 5.0 V
[VX = Vy(max)] for a £ 10 V input [Vx' = VY’ (max)]
(see Figure 21). If an overall scale factor of 1/10 is desired,
V' Vyr  (2Vx) (2Vy)

= — =410 V% V

10 10 OVxX V¥
Therefore, K = 4/10 for the multiplier (excluding the divider
network).

then, Vg =

v+ . ,
Step 1. The fist step is to select current |3 and current |4 3.
Rx R R B There are no restrictions on the selection of either of these
m ! L currents except the power dissipation of the device. I3 and 113
g Y MY 95 PEP ) AL will normally be 1.0 mA or 2.0 mA. Further, I3 does not have to
v ——O0— 4 + —e be equal to 113, and there is normally no need to make them
X1 o 2 “ Vo different. For this example, let
to—o=
4 \ MC1435 I3 =113 =1.0mA.
Vy 8
Vo=KVxVy
39t 13 7 20,
s * RxRyly
A3 Ria
= = v
Figure 21. Multiplier with Operational Amplifier Level Shift
oy - 15V
+15V
Ry Ry
10k 10k 0.1uF
iy
10k 4 10 m ms 7ot
Vy + R
"
10k Y “Vy Vy
1 MC1495 o yo- o
10k 9
Vyr +
v
03 X g y Ha <8
1 h3
- Ri3
12 12k
Aot s
scale | P3|
e Yoffset |
Faf_:tOl Adjust \ 1
~10V S Vy < 11OV Adjust = 1%
10V < Vy < +10V 20k 0
+15V
5.1V
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To set currents I3 and 13 to the desired value, it is only
necessary to connect a resistor between Pin 13 and ground,
and between Pin 3 and ground. From the schematic shown in
Figure 3, it can be seen that the resistor values necessary are
given by:

IV-| 0.7 V

R13+500Q =—"—""—
13 113

V-| 0.7V

R3 + 500 Q =%——

Let V- = —15 V, then Rqy3 + 500 =243 Y or R13 = 13.8 kO
1.0mA

Let R13 = 12 kQ. Similarly, R3 = 13.8 kQ2, let R3 = 15 kQ2

However, for applications which require an accurate scale
factor, the adjustment of R3 and consequently, i3, offers a
convenient method of making a final trim of the scale factor.
For this reason, as shownin Figure 21, resistor Rz is shown as
a fixed resistor in series with a potentiometer.

For applications not requiring an exact scale factor
(balanced modulator, frequency doubler, AGC amplifier, etc.)
Pins 3 and 13 can be connected together and a single resistor
from Pin 3 to ground can be used. In this case, the single
resistor would have a value of 1/2 the above calculated value
for Rq3.

Step 2. The next step is to select Rx and Ry. To insure that
the input transistors will always be active, the following
conditions should be met:

B <3 V—Y <l3
Rx ' Ry
A good rule of thumb is to make I3Ry > 1.5 Vy(max) and
113RX21.5VX(max). Thelargerthe I3Ryand |1 3Rx productin
relation to Vy and Vx respectively, the more accurate the
multiplier will be (see Figures 17 and 18).
LetRx = Ry =10kQ,
thenIgRy =10V
l13Rx =10V
since VX(max) = VY(max)=5.0V, the value of Rx=Ry=10 kQ
is sufficient.
Step 3. Now that Ry, Ry and I3 have been chosen, Ry_can
be determined:
(2) (RL) 4

2RL 4
Ke—/———=— ,or ————— Y. =
RxRylz 10 " (10k) (10k) (1.0 mA) 10

Thus R = 20 kQ.

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 in order to maintain transistors
Q1,Q2, QaandQ4inanactive regionwhenthe maximuminput
voltages are applied (Vx’ = Vy’ = 10 V or Vx = 5.0 V,

Vy = 5.0 V), their respective collector voltage should be at
least a few tenths of a volt higher than the maximum input
voltage. It should also be noticed that the collector voltage of
transistors Q3 and Q4 is at a potential which is two diode-drops
below the voltage at Pin 1. Thus, the voltage at Pin 1 should be
about 2.0 V higher than the maximum input voltage.
Therefore, to handle +5.0 V at the inputs, the voltage at Pin 1
must be at least +7.0 V. Let V1 = 9.0 Vdc.

Since the current flowing into Pin 1 is always equal to 2I3,
the voitage at Pin 1 can be set by placing a resistor (R1) from
Pin 1 to the positive supply:

R G
1= "2,
Let V+ =15V, then Ry = 15V-9.0V
(2) (1.0 mA)
Rt =3.0 kQ

Note that the voltage at the base of transistors Qs, Qg, Q7 and
Qg is one diode-drop below the voltage at Pin 1. Thus, in 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 this example, the voltage
at Pins 2 and 14 should be approximately 11 V.

Step 5. For DC applications, such as the multiply, divide
and square-root functions, itis usually desirable to convert the
differential output to a single-ended output voltage referenced
to ground. The circuit shown in Figure 22 performs this
function. Itcan be shown that the output voltage of this circuit is
given by:

Vo=(l2~l14) RL

. 2lx by  2VxVy
And since la -Ig =12 -l44 = I~ T3RxRy
2RL V' Vv’
then Vo = #;(Xi: where, V' Vy’ is the voltage at

the input to the voltage dividers,

Figure 22. Level Shift Circuit

v+
v
»
Ro£ Ro
V
lo - 2
—
0
Vi 0
ly4 =
—»
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The choice of an operational amplifier for this application
should have low bias currents, low offset current, and a high
common mode input voltage range as well as a high common
mode rejection ratio. The MC1456, and MC1741C operational
amplifiers meet these requirements.

Referring to Figure 21, the level shift components will be
determined. When Vy = Vy =0, the currents l2 and 144 will be
equaltot13.In Step 3, R|_ was foundto be 20 kQ and in Step 4,
Vo and V14 were found to be approximately 11 V. From this
information R can be found easily from the following equation
(neglecting the operational amplifiers bias current):

V2 V+ Vo
2L |qq=_Y ‘e
RL* 13 Ro
p nv 15V-11V
And for this example, 20 k0™ 1.0mA = ——HO

Solving for Rg: Ro = 2.6 k€, thus, select Rg = 3.0 k2

For Rg = 3.0 kQ, the voltage at Pins 2 and 14 is calculated
to be:
Vo=Vi4=104V.

The linearity of this circuit (Figure 21) is 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
substantially to improve the Y linearity, and Ry decreased
somewhat so as not to materially affect the X linearity. This

avoids increasing R( significantly in order to maintain a K
of 0.1.

The versatility of the MC 1495 allows the user to to optimize
its performance 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 1.0 mV and
resistors are typically matched within 2%. Even with this
careful matching, an output error can occur. This output error
is comprised of X-input offset voltage, Y-input offset voltage,
and output offset voltage. These errors can be adjusted to zero
with the techniques shown in Figure 21. Offset terms can be
shown analytically by the transfer function:

VO = K[Vx £ Viox £ Vx{off)] [Vy  Vioy  Vy(of)l £ VOO (1)

Where: K = scale factor

Vy = “x" input voltage
Vy ="y” input voltage
Vigx = “x” input offset voltage
Vioy ="y" input offset voltage
Vx(off) = "x" input offset adjust voltage

Vy(off) = "y" input offset adjust voltage
Xloo = output offset voltage.

Figure 23. Multiplier with Improved Linearity

- 15V

+15V

- 15V
7.5k 27k
10k 4 100 110 05 06 07
Vy/ +
10k %
0V L MC1495
10k 9
Vy+ +
10k 39 13 08
L 13k
12k
5.0k 10k
Scale =
Factor =
Adjust =
Y Offset X Offset
Adjust ¥ Adjust
——
20k
15k 15k
REY LA
20k
2.0k 2.0k

Output
Offset
Adjust

p——=e 15V
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X, Y and Qutput Offset Voltages

Output v Output
Vo Offset 0 '/ Offset
I 2 <3
Vx —T Vy
; N
X Offset [ Y Offset e

For most DC applications, all three offset adjust
potentiometers (P4, P2, P4) will be necessary. One or more
offset adjust potentiometers can be eliminated for AC
applications (see Figures 28, 29, 30, 31).

If well regulated supply voltages are available, the offset
adjust circuit of Figure 13 is recommended. Otherwise, the
circuit of Figure 14 will greatly reduce the sensitivity to power
supply changes.

Scale Factor

The scale factor K is set by P3 (Figure 21). P3 varies |3
which inversely controls the scale factor K. It should be noted
that current I3 is one-half the current through R1. Ry sets the
bias level for Qg, Qg, Q7, and Qg (see Figure 3). 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 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) Connect oscillator (1.0 kHz, 5.0 Vp.p sinewave)
to the Y-input (Pin 4).
(b) Connect X-input (Pin 9) to ground.
{(c) Adjust X offset potentiometer (P2) for an AC
null at the output.
2. Y-Input Offset
(a) Connect oscillator (1.0 kHz, 5.0 Vp-p sinewave)
to the X-input (Pin 9).
(b) Connect Y-input (Pin 4) to ground.
(c) AdjustY offset potentiometer (P1) for an AC null
at the output.
3. Output Offset
(a) Connect both X and Y-inputs to ground.
(b) Adjust output offset potentiometer (P4) until
the output voltage (V) is 0 Vdc.
4. Scale Factor
{a) Apply +10 Vdc to both the X and Y-inputs.
(b) Adjust P3 to achieve + 10 V at the output.
5. Repeat steps 1 through 4 as necessary.

The ability to accurately adjust the MC1495 depends upon
the characteristics of potentiometers Pq through P4.
Multi-turn, infinite resolution potentiometers with low
temperature coefficients are recommended.

DC APPLICATIONS

Muitiply

The circuit shown in Figure 21 may be used to multiply
signals from DC to 100 kHz. Input levels to the actual muttiplier
are 5.0 V (max). With resistive voltage dividers the maximum
could be very large however, for this application two-to-one
dividers have been used so that the maximum input level is
10 V. The maximum output level has alse been designed for
10 V (max).

Squaring Circuit
If the two inputs are tied together, the resultant function is
squaring; thatis Vo = KV2where K is the scale factor. Note that
all error terms can be eliminated with only three adjustment
potentiometers, thus eliminating one of the input offset
adjustments. Procedures for nuliing with adjustments are
given as follows:
A. AC Procedure:
1. Connect escillator (1.0 kHz, 15 Vp-p) to input.
2. Monitor output at 2.0 kHz with tuned voltmeter
and adjust P3 for desired gain. (Be sure to peak
response of the voltmeter.)
3. Tune voltmeter to 1.0 kHz and adjust Pq for a
minimum output voltage.
4. Ground input and adjust P4 (output offset) for
0 Vdc output.
5. Repeat steps 1 through 4 as necessary.
B. DC Procedure:
1. SetVy =Vy =0V and adjust P4 (output offset
potentiometer) such that Vo = 0 Vde
2. SetVy=Vy=1.0V andadjust P1 (Y-input offset
potentiometer) such that the output voltage is
+0.100 V.
3. SetVyx =Vy =10 Vdc and adjust P3 such that
the output voltage is + 10 V.
4. SetVy =Vy=-10Vdc. Repeat steps 1 through
3 as necessary.

Figure 24. Basic Divide Circuit

KV Vy
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Divide Circuit

Consider the circuit shown in Figure 24 in which the
multiplier is placed in the feedback path of an operational
amplifier. For this configuraticn, the operational amplifier will
maintain a “virtual ground” at the inverting (—) input. Assuming
that the bias current of the operational amplifier is negligibie,

then |4 =12 and,
KVxVvy -Vz

Rt~ R2 M

-R1 V
Solving for Vy, Vy = R K T)Z( @
#R1=R2, Vy = ;—3)2( (3)

-V

fR1=KR2, Vy =T§ (4)

Hence, the output voltage is the ratic of Vz to Vx and
provides a divide function. This analysis is, of course, the ideal
condition. If the multiplier erroris taken into account, the output
voltage is found to be:

y “[ﬂlﬂ AE
Y="lR2K! vx* Kvx (5

where AE is the error voltage at the output of the multiplier.
From this equation, it is seen that divide accuracy is strongly
dependent upon the accuracy at which the multiplier can be
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 is given by:

_-10Vz 104E )
TTvx vy

From Equation 6, it is seen that only when Vx = 10 Vis the
error voltage of the divide circuit as low as the error of the
multiply circuit. For example, when Vy is small, (0.1 V) the
error voltage of the divide circuit can be expected to be a
hundred times the error of the basic muiltiplier circuit.

Vy

In terms of percentage error,
error

percentage error = actual x 100%
or from Equation (5),
AE
KVx R2| AE
PEDT Ri ]ﬁ '{RJ vz (7
LR2 K Vx

From Equation 7, the percentage error is inversely related
to voltage Vz (i.e., for increasing values of Vz, the percentage
error decreases).

A circuit that performs the divide function is shown in
Figure 25.

Two things should be emphasized concerning Figure 25.

1. The input voltage (Vx’} must be greater than zero and
must be positive. This insures that the current out of Pin
2 of the multiplier will always be in a direction compatible
with the polarity of V.

. Pin2and 14 of the multiplier have been interchanged in
respect to the operational amplifiers input terminals. in
this instance, Figure 25 differs from the circuit
connection shown in Figure 21; necessitated to insure
negative feedback around the loop.

A suggested adjustment procedure for the divide circuit.

1. Set Vz =0V and adjust the output offset potentiometer
(P4) until the output voltage (VQ) remains at some (not
necessarily zero) constant value as Vy- is varied
between +1.0 Vand +10 V.

. Keep Vz at 0 V, set Vx at +10 V and adjust the Y input
offset potentiometer (P4) until Vo =0 V.

. LetVyr=Vz and adjust the X-input cffset potentiometer
(P2) until the output voltage remains at some (not
necessarily — 10 V) constant value as Vz = Vy' is varied
between +1.0 and +10 V.

. Keep Vyx’ = V7 and adjust the scale factor potentiometer
(P3)untilthe average value of Vo is—10VasVz =Vy-is
varied between +1.0 V and +10 V.

. Repeat steps 1 through 4 as necessary to achieve
optimum pertormance.

Figure 25. Divide Circuit

T -1V
* + * +15V
5 % D Dl
4 100 11 5 607 ol
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10k
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-10Vy
10k _10VZ
Vyr 3 + + —C2> Vg = Vx
10k % 3¢ 13 8 12
L 13k o . V7
12k 18k 20k
5.0k
P To Offset 5, Qutput
Scale g9 Adjust S0 Offset 0<Vy S +10V
o = (See Figure 13) Adjust -0V<VZ< 410V
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Figure 26. Basic Square Root Circuit

KVg2 +
9 1 worags

vz

Square Root
A special case of the divide circuit in which the two inputs to
the multiplier are connected together is the square root
function as indicated in Figure 26. This circuit may suffer from
latch-up problems similar to those of the divide circuit. Note
that only one polarity of input is allowed and diode clamping
{see Figure 27) protects against accidental latch-up.
This circuit also may be adjusted in the closed-loop mode
as follows:
1. Set Vz to —0.01 V and adjust P4 (output offset) for
Vo = +0.316 V, being careful to approach the output
from the positive side to preclude the effect of the
output diode clamping.
2. Set Vz to -0.9 V and adjust P2 (X adjust) for
Vo=+3.0V.
3. Set Vz to —10 V and adjust P3 (scale factor adjust)
forVo=+10V.

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

AC APPLICATIONS

The applications that follow demonstrate the versatility of
the monolithic multiplier. If 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 optimize DC
multiplication operation, can hinder AC applications.

Frequency doubling often is done with a diode where
the fundamental plus a series of harmonics are
generated. However, extensive filtering is required to obtain
the desired harmonic, and the second harmonic obtained
under this technique usually is small in magnitude and
requires amplification.

When a multiplier is used to double frequency the second
harmonic is obtained directly, except for a DC term, which can
be removed with AC coupling.

eo = KE2 cos? wt

2
g0 = ,KQE, (1 + cos 2at).

A potted multiplier can be used to obtain the double
frequency component, but frequency would be limited by its
internal level-shift amplififer. in the monolithic units, the
amplifier is omitted.

In atypical doubler circuit, conventional £ 15 V supplies are
used. An input dynamic range of 5.0 V peak-to-peak is
allowed. The circuit generates wave-forms that are doubie
frequency; less than 1% distortion is encountered 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.

Figure 29 represents an application for the monolithic
multiplier as a balanced modulator. Here, the audio input
signal is 1.6 kHz and the carrier is 40 kHz.

Figure 27. Square Root Circuit
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Figure 28. Frequency Doubler The defining equation for balanced modulation is
K(Emcos omt) (E¢ cos ogt) =

Ry Rx
S o KEc Em [ cos (wg + om)t + Cos (e — wm) t]
sbsd fu bu
4 where wg is the carrier frequency, om is the modulator
E cos wt.—ﬁ frequency and K is the multiplier gain constant.
(<50 Vgl 0 MC1495 AC coupling at the output eliminates the need for level

Offset Y 8
Adisst * O]

12

translation or an operational amplifier; a higher operating
frequency results.
A problem common to communications is to extract the

1 39 N 7 T o intelligence from single-sideband received signal. The ssb
- “Select 9 signal is of the form:
E -
68kS 104F ep= a0 cos 2 wt o €ssb = A COS. (o + (Dm) t
I and if multiplied by the appropriate carrier waveform, cos wgt,

AK
-5y essbecarrier ==~ [cos (2a¢ + om)t + cos (wc) t].

When two equatcosing waves are applied to X and Y the result If the frequency of the band-limited carrier signal (w¢) is
is a wave shape of twice the input frequency. For this example

the input was a 10 kHz signal, output was 20 kHz. ascertained in advance, the designer can insert a low pass
filter and obtain the (AK/2) (coswgt) term with ease. He/she
also can use an operational amplifier for a combination level
shift-active filter, as an external component. But in potted
multipliers, even if the frequency range can be covered, the

Figure 29. Balanced Modulator operational amplifier is inside and not accessible, so the user
must accept the level shifting provided, and still add a low
{A) pass filter.
Ry Ry 15V Amplitude Modulation
8.2k 8.2k

The multiplier performs amplitude modulation, similar to
balanced modulation, when a DC term is added to the
modulating signal with the Y-offset adjust potentiometer (see
Figure 30).

Here, the identity is:

sfcb fu b

4

ey = E cos wypte——C—
9

ey = E cos te——0—

8 MC1495
Offse Yo—g— Em(1 + m cos omt) E¢ cos gt = KEmEccos ogt +
Adjust X
— KEmEem
30 13 7 Tm* __mé__c___ [ cos({mg + wm)t + COS (g — om) 1]
*Select
_ €o where m indicates the degrees of modulation. Since m is
6.8k ‘-°“F+I adjustable, via potentiometer Pq, 100% modulation is
= possible. Without extensive tweaking, 96% modulation may
= be obtained where w¢ and owm are the same as in the balanced
15V

modulator example.

Linear Gain Control

To obtain linear gain control, the designer can feed to one of
the two MC1495 inputs a signal that will vary the unit's gain.
The following example demonstirates the feasibility of this
application. Suppose a 200 kHz sinewave, 1.0 V
peak-to-peak, is the signal to which a gain control will be
added. The dynamic range of the control voltage V¢ is 0 V to
+1.0 V. These must be ascertained and the proper values of
Rx and Ry can be selected for optimum performance. For the
200 kHz operating frequency, load resistors of 100 Q were
chosen to broaden the operating bandwidth of the multiplier,
but gain was sacrificed. It may be made up with an amplifier
operating at the appropriate frequency (see Figure 31).
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Figure 30. Amplitude Modulation

Veg = +H15V
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Riy
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The signal is applied to the unit's Y-input. Since the total
input range is limited to 1.0 Vp_p, a 2.0 V swing, a current
source of 2.0 mA and an Ry value of 1.0 kQ is chesen. This
takes best advantage of the dynamic range and insures linear
operation in the Y-channel.

Since the X-input varies between 0 and +1.0 V, the current
source selected was 1.0 mA, and the Ry value chosen
was 2.0 kQ. This also insures linear operation over the
X-input dynamic range. Choosing R = 100 assures wide

bandwidth operation.

2.0k 1.0k

ol de b
+

Y
Vin
4
51
1K X MC1495
VC 9 + 1
0AUFT k=720
Offset i
Adjust 8
X
12 -
= 3 13
2.0mA4
3.0k
11k
.0k
5.0 Py

Hence, the scale factor for this configuration is:

RL

K= BRxRy 3

100

y—1

1y
=40 ¥

(2k) (1 k) (2 ¢ 10+3)

The 2 in the numerator of the equation is missing in this scale
factor expression because the output is single-ended and AC
coupled.

Figure 31. Linear Gain Control
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NOTE: Linear gain control of a 1.0 V,,.; signal is performed witha 0 V

to 1.0 V control voltage. If V¢ is 0.5 V the output will be 0.5 V.

1.2
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