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Four-Quadrant Multiplier

Features:

“Accuracy”: £4% (max.)

“Linearity”’: 3.0% (max.)

Feedthrough: 9 mV p-p (typ.)

3-db bandwidth: 4.4 MHz

Low power operation capability: 6.0 V, 4 mW drain
Low power-supply sensitivity: 36 mV/V typ.

Smooth overload characteristics — no foldback if full-
scale input signal is exceeded

Negligible warm-up drift

8 Broadband operation capability {flat to 1 MHz} — both
inputs have similar characteristics for reduced high-
frequency phase shift between the inputs

RCA-CA3091D% a monolithic silicon integrated circuit, is a
four-quadrant multiplier that provides an output voltage that
is the product of two input (x and y) voltages.

This device functions as a multiplier, divider, squarer, square
rooter, and power-series approximator. In addition, this
device is useful in applications such as ideal full-wave
rectifiers, automatic level controliers, RMS converters, fre-
quency discriminators, and voltage-controtled filters and
oscillators.

The CA3091D comprises five basic circuits (See Fig. 1),
including: a multiplier block, two linearity compensators, a
current converter, a current source for biasing, and a
regulator {reference voltage). A brief description of the
operation, functions and typical applications is given in the
section “Operating Considerations”. In addition there is a
separate section on ‘Symbols, Terms, and Definitions’’ that
defines the terms and symbols used throughout the data
bulletin,

The CA3091D is supplied in 14-lead dual-in-line ceramic
package and operates over the full military temperature range
of-550C to +1250C.

* Formerly Developmental Type TA5855A.

CA3091

Low-level linearity correction circuitry minimizes low-
level feedthrough for improved small-signal accuracy

= Alt multiplication is performed with wideband circuitry —

this permits two signals of frequencies much higher than
the -3 db frequency of the multiplier to produce a differ-
ence frequency that is within the multipliers bandwidth
High immunity to parasitic oscillation

Essentially free from excess peaking — provides improved
frequency response

s Requires no level shifting at the output — current-source

operation at the output permits output signal to be refer-
enced to ground or other levels within the output voltage
swing capabilities of the multiplier

B |nternal bias regulator

Applications:
Multiplier & Divider
Power-series approximator

® Squarer ® Square Rooter
Full-wave rectifier

Automatic level controller

RMS converter

Frequency discriminator

Voltage-controlied filters and oscitlators

File Number 534
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MAXIMUM RATINGS; Absolute-Maximum Values at T4 = 250C
DC Supply Voitages:

Between Terms. t2and 1
Between Terms. 4 and 1

DC Supply Currents:

* |

At Term. 12 with DC Supply Voitage = +15 V
At Term. 4 with DC Supply Voltage = —15 V
Bias Current (At Term. 3)

nput Current

Qutput Short-Circuit Duration ..

\'
\

mA
mA
mA
mA

No limitation

Voltage Reference CuUrrent ... . .t i it et et e et et e e e 10 mA
Linearity Correction Currents:

At Terminals 7 and B ... ... e e e e e 10 mA
Device Dissipation (Upto 1280C) . . .. .. .ttt e e ettt e e 200 mw
Ambient Temperature Range:

Operating —55 to +125 oC

Storage —65 to +150 oc
Lead Temperature (during soldering}:

At distance not less than 1/32 inch (0.79 mm) from case for 10seCONAS MaX. .. ..o vvu i i, +265 oC
* External resistance is required to limit the current to the indicated ¥1 mA value.

ELECTRICAL CHARACTERISTICS, For Equipment Design
TEST CONDITIONS LIMITS
Circuit
CHARACTERISTICS SYMBOL | Ta =259C, 18 =0.5 mA UNITS
': '8 and/or Min. Typ. Max.
VI=18V, V- =-16V Char.
Curve
STATIC CHARACTERISTICS
INPUT CIRCUIT
Input Balance {Correction) Currents:
At x input ) x=0 - —-20 —-21 +20 mA
IC
Aty tnput y=0 - —20 -8.7 +20 uA
Feedthrough Linearity Balance
i loc — -34 -29 +34 LA
(Correction) Current
OUTPUT CIRCUIT
Qutput Offset Current 100 x&y=0, — -10 —0.23 +10 uA
Output Offset Voltage Voo lpo thru Ry = 33k - —0.330| —0.0076 +0.330 \%
Output Peak Current Swing ||0 | Thru R = 24k 3 041 0.45 — mA
Output Peak Voitage Swing |Vo| Across R = 33k2 4 12 129 - v
DC SUPPLIES & BIASING
Current Drain (ldling):
At Term. 4 —=-16V — — 29 4.5 mA
At Term. 12 vt=+15V - - 2.0 3.0 mA
Reference Voltage Vyef Measured across Terms. - 6.5 6.1 6.7 \'
6&4at]=1mA
DYNAMIC CHARACTERISTICS
Output Current o With | = 0.2mA at each - - 0.21 0.32 mA
input
Normalized k Factorfkn = k_
S 11 0.69 1.0 1.7
Accuracy - 2.6 4.0 % of
Worst case at 260C —
Linearity - 1.7 3.0 v
Feedthrough Voltage:
Aty =20V pp,x=0 - - 20 mv
Atx =20V pp,y=0 - - 9 20 PP

NOTE: See page 7 for ‘’'Symbols, Terms and Definitions’".
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Fig.1—Functional block diagram of CA3091D with typical multiplier ourboardﬁ;eripheral)circu/'try.
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ELECTRICAL CHARACTERISTICS, Typical Values Intended Only for Design Guidance

TEST CONDITIONS

Circuit
CHARACTERISTICS SYMBOL TA =25°C, 1|3 = 05 mA and}‘;r TYPICAL VALUES UNITS
Vt=15V,V-=-16V Char.
Curve
STATIC CHARACTERISTICS
INPUT CIRCUIT
Input Resistance:
At x Input R |lxl <0.2mA 5 1.3 kQ
Aty Input ! Ilyl<02mA 0.5 kQ
input Capacitance:
At x Input
= C at 1 MHz - 58 pF
Aty Input 5.8 pF
QUTPUT CIRCUIT
QOutput Resistance Ro 6 1.0 MQ
Output Capacitance: Co at 1 MHz 4.0 pF
DC Supply Voltage Sensitivity:
AVo
AtTerm. 4 = 26 mV/V
AV™
AV n
[¢]
At Term. 12 wF 36 mV/V
DYNAMIC CHARACTERISTICS
Bandwidth (At -3dB point):
Through x Input BW 8,10 4.8 MHz
Through y Input 8,9 4.4 MHz
30 Error Frequency:
Through x Input 360 kHz
Through y Input 310 kHz
Maximum Slew Rate SR 7pF in parallel with 10 M2 load 7 27 Vius
Temperature Coefficients:
OQutput Offset Current AlQQ/AT x&y=0 — —0.021 uA/OC
x-Input Balance Current Al/aT =0 = —0.063 pA/OC
y-Input Balance Current y=0 — -0.063 pA/oC
Normalized k Factor‘kN =:_) KN _ _0.76 % /%/0C
r
Accuracy - 0.11 %/0C
Linearity - 0.06 %/0C
Feedthrough:
Atx=0 5.6 mV/oC
Aty =0 5.7 mV/oC
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Fig.6— Test circuit for measurement of output resistance.
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Fig.11—Test circuit for measurement of current gain and power-supply sensitivity.
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Fig.12—Contour mapping of multiplier accuracy (plotted on isomers) and linearity.

SYMBOLS, TERMS AND DEFINITIONS

Output Offset Current
The multiplier output current produced when both of the
multiplier input signals are in the zero state.

Output Zero

Sets the output at the zero level when the x and y inputs are
in the zero state. (It is implied that all other zeroing
adjustments have been effected.)

R
Input Resistance — Converts the input voltage to an input
current.

RL
Output (Load} Resistance — Converts the output current to a
voltage.

Ro
Output Resistance — See Vg and lg for the equations
associated with these properties.

Regulator Diode
A temperature compensated Zener diode, included in the
muttiplier circuit, to provide a stable 1}g.

Scale Factor or k factor (k)

Represents the basic gain of the multiplier as expressed in the
equation Vg =kVxVy

The equation indicates the ideal transfer function for the
muitiplier. The normalized k factor is expressed by kn = k/kref

where kyef is the ideal or reference k factor. The ideal factor,
kref is the value at which the k factor is set when the k-factor
adjust control is trimmed. Optimum operation of the
CA3091D is achieved when the k-factor is 0.1.

Vim

The maximum ac sine-wave voitage to be applied to the
multiplier; a 20-volt p-p sine wave is the nominal maximum
swing voltage recommended for use with 50-kilohm input
resistors.

VMID
An ac or dc voltage that approximately satisfies the equation

VMID = Vim/ V2.

Vo

The output product voltage derived from the expression
(kVxVy = Vo)

Vref.

Temperature compensated zener connected to the —15 volt
supply to provide a reference voltage as an aid in settingup a
stable g,

Vx, Vy

The input voltages to be multiplied.

x-Bafance Circuit

Sets the output to the zero level when the x-input is in
the zero state.

y-Balance Circuit

Sets the output to the zero level when the y-input is in the
zero state.
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SYMBOLS, TERMS AND DEFINITIONS — continued

Accuracy

Accuracy defines the degree of error encountered in the
operation of the multiplier. It is portrayed on a contour map
by isomers (contour lines). Isomers with the highest values
indicate “‘less-accurate’” operation of the multiplier. (See
illustrative Contour Map in Fig. 12.)

Contour Map

The contour map, shown in Fig. 12, is a graphical portrayal
of the multiplier errors in the x, y input plane. Each contour
line, termed “isomer”, connects those points whose error
values {in mitlivolts) are equat in magnitude. For example, a
—20 mV contour line with points at Vy = 5V and Vy =-3V
indicates that the output voltage is 20 mV less than the
theoretical output product (kVxVy). This error voltage,
presented in percent of full-scale input (+10 V), defines the
“accuracy’’ of the device. Thus, a 20-mV error voltage
represents an “accuracy’” of 0.2% as derived from the
equation:

Accuracy =20 mV/10 x 100% = 0.2%.

A contour map provides a true indication of multiplier
performance in each of the four quadrants. Each CA3091D is
comprehensively tested and must provide the specified
accuracy in the four quadrants.

Current Converter

This portion of the IC combines the multiplier’s differential-
amplifier output currents and converts them to a single-
ended output current,

Current Sources

These circuits provide the biasing currents for the various
circuits in the IC. The I|g terminal provides the control
current for the current-source circuit.

Feedthrough

Feedthrough occurs when an output signal is produced even
though one of the input signals is zero. Consequently,
feedthrough signal characteristics constitute a source of error
in the operation of a multiplier. In the CA3091D, for
example, the feedthrough signal output is specified to be less
than 20 mV p-p when either terminal is set at 20 V p-p and
the other terminal is set to zero.

hB
Circuit biasing control current.

he
See 10C.

o
Output product current {k|Ixly = 1), where k| = kR,z/ RL

loc. lic
Compensatory input and output currents required to correct
unlinearity along the x axis. (Optional for low-level signal use.)

Ix, |y
Input currents to be multiptied.
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3

Voltage Scale Factor (determines the gain of the multiplier).
ki

Current Scale Factor (k) = (R|2 /Rp)k.

k adjust
Scale-Factor Adjustment.

Linearity

“Linearity” indicates the degree of multiplier error (i.e.
deviation from ‘’straight-line’’ characteristics) along each of
the four boundaries of the input x, v field. These boundaries
are formed when one input is held at one of the two
maximum values (10 volts or —10 volts) and the other input
is swept through the voltage range. {See Contour Map for
additional information.)

Linearity Adjust

An external circuit to provide vernier adjustment for
optimum linearity. This control should be adjusted before
adjusting the y-balance control.

Linearity Balance Circuit (Low-Level)
This circuit makes the multiplier's transfer function linear for
low-level x-input signals.

Linearity Compensator

Internal circuitry that converts input current into a non-
linear voltage, a requisite for producing a linear output in the
differential amplifiers of the multiplier circuit.

Multiplier Circuitry

Provides the product of the two input voltages.

Multiptier Transfer Function

This function mathematically describes the interaction of the
two inputs and the resulting output signal. The basic transfer
function for a multiplier is

K(Vx + Vgl (Vy + Vye) = Vg + Ve

where: k = k factor and represents the basic gain of the

multiplier
Vx, Vy = the external inputs to be muitiplied
Vo = the desired value of the product output signal

Vxe. Vye = the “effective’ errors that occur at the inputs
of the multiplier and cause an output signal
when either input is in a zero state.

Voe = the error voltage that develops at the output of
the multiplier

DC correction factors are added to the multiplier inputs and
output to compensate for the errors and offset variations. A
complex linearity error term appears in the transfer function;
however, this term is not included in the above equation for
the purpose of clarity.
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OPERATING CONSIDERATIONS
Operation of a Multiplier

A multiplier is, essentially, a gain-controlled amplifier (See
Fig. 13) that multiplies the input signal {Vy) with the
external gain controlling signal {Vy) to produce the resuttant
output (V). The gain is externally adjustable by a coef-
ficient (k). Stated simply, a multiplier produces an output
voltage that is the linear product of two input voltages.

Vork vy vy

92C5-19656

Fig. 13—Gain-controlled amplifier.

The basic multiplier, shown in Fig. 14a, is a two-quadrant
muttiplier. The input signal (Vy) may have either a positive
or negative polarity whereas, the external gain-controlling
signal (Vy) must be positive and greater than the base-to-
emitter voltage (Fig. 14b). The output current (l1-12) of the
differentiat amplifier, comprised of transistors Q1 and Qz,is
related to both the input signal (Vx) and the current seurce
(). Since the current source {1) is related to the gein
controlling signal (Vy) the output current (11-12), therefore,
is related to both Vx and Vy.

I I vy
7
~07V / //
Vy Q Q Vx
I =
s {b)
vy 3
= 92C5- 19558
(a)
92CS-19657

b} Multiplier functional

a/) Basic circuit. only in shaded region.

Fig. 14— Two-quadrant multiplier.
This relationship is essentially non-linear; thus an appro-

priate linearization circuit must be provided in the input
stage to achieve the following linear relationship:

b1-12 =k’ Vx Vy

where k'’ is a constant

(Eq. 1)

CA3091

Figure 15 shows a typical arrangement of three differential
amplifiers to form a four-quadrant multiplier. This arrange-
ment incorporates the operating principles of the two-
quadrant multiplier, but, in addition, it permits both of the
input signals (Vx and Vy} to have positive or negative
polarities (or zero). When either input is zero, the output
current {}] ~12) must, theoretically, be zero as is shown by
the following:

1. Assume Vy =0,

theniy=izand iz =ig

therefore iq+ig = io+i3.

Since 11 =i1+ig and |p = ig+ig,

thenlq = Ig.

This equality is independent of Vy
2. Now assume Vy =0,

then ig = ig.

Sine i5 = i1+ig and ig = iz+ig,

then iq+ig = i3+ig.

Since i1 =igand iy =ig

then i1+ig = i3+ig.

Therefore 11 = I9.

This equality is independent of Vx.

CURRENT
SOQURCE

92CS8-19655

Fig. 15—Basic four-quadrant multiplier.

The multiplying operation discussed in the previous section
applies when neither Vy nor Vy is zero. The output current
(F1—12) then satisfies Equation 1,

11-12 =k'VxVy.
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The multiplying action of the four-quadrant multiplier is
dependent on current unbalance in the three differential
amplifiers. Ideally, the multiplying operation should not
occur if either Vyx or Vy is O. However, in practical
applications slight current unbalances do exist. it is neces-
sary, therefore, to null out such unbalances with external
potentiometers prior to operation.

TYPICAL OPERATING CONSIDERATIONS

The RCA-CA3091D, shown in Fig. 2, is a four-quadrant
multiplier that incorporates the basic multiplier principle,
previously discussed in ‘“Operation of a Multiplier””. Because
the design of this multiplier is based on the multiplication of
two input currents to produce an output current it is
necessary to convert the input voltages to input currents and
the output current to an output voltage by inserting resistors
at both input and output terminals. Fig. 1 shows the
four-quadrant multiplier with its peripheral circuitry for
nutling current unbalances.

The Bias Current {ljg) at Term. 3 sets the operating current
level for the entire multiplier circuit by means of a
current-source circuit. Therefore, it is essential that this bias
current level remain constant under all operating conditions.
To maintain this steady state, a temperature compensated
zener diode is provided on the chip and connected to the
Reference Voltage (Term.6).

Linearity of the differential amplifier transconductance
function is accomplished by linearity compensators as shown

in Fig. 1. To correct tow-level signal unbalances that may
occur between Differential Amplifiers A and B, an external
potentiometer is connected to Terminals 7 and 8 (See Fig.
1}. The Current Converter circuit, which consists of a set of
current mirrors, supplies the output current (19 —19). It is
important that circuit unbalances be corrected prior to
operation. Table | describes the alignment procedures for
correcting these unbalances.

A multifunctional circuit board (Figs. 16 and 17) is available
for performing the four basic applications, such as, multi-
plying, dividing, squaring and taking the square root.

When the CA3091D is used as a multiplier (Fig. 18) or as a
squarer (Fig. 18) only the basic pheripheral circuitry on the
multifunctional circuit board is utilized and the general-
purpose operational amplifier (CA3741T) is disabled from
operation. Follow the ac alignment procedures for these two
applications before operating the circuit.

When the CA3091D is used as a divider (Fig. 20), the
operational amplifier is required in order to provide the
proper negative feedback. The limitations for operation as a
divider are that O<Vyg 10V and —10Vg Vz < 10V. Note,
the range of Vy is limited to the positive polarity; if Vy was
permitted to go negative, the feedback loop would go
positive and, thereby, create an unstable operating condition.

Alignment of the divider (Fig. 19) differs from multiplier and
squarer alignment because of the additional variances intro-
duced by the operational amplifier. A coupling capacitor is

Table |
AC Alignment Procedures For CA3091D, Four-Quadrant Multiplier

(Refer to Fig. 16, for circuit pertaining to following alignment procedures.}

Voitage Setting Test
S'\t‘op %‘TL’: Equipment Measure Notes
o- Vi vy } Used
1 — - - - - Set all potentiometers to center of range.
2 0] Vim x Balance AC VM Vo Adjust for a minimum reading.
3 o Vim Linearity AC VM Vo Adjust for a minimum reading.
4 — - - - - Repeat Steps 1 and 2 until no further improvement
is noted.
5 Vim (¢} y Balance AC VM Vo Adjust for a minimum reading.
6 o] (o] Zero bDC VM Vo Adijust for zero output.
Output
7 VMID VMID Ry AC/DC VM Vo Adjust for V§MD/10 at the output.
- - - - - Check muitiplier for alignment in all four quadrants.
VIM - 1s the maximum AC swing of the sine wave that witl be applied to the multiplier. A 20-volt p-p value is the nominal maximum swing

of the AC sine wave with input resistors of 50 kilohms.

VM!D — An AC or DC voltage that approximately satisfies the equation Vg p = V|M/ \l 2. For example, if a 50-kilohm resistor is used with

a 7-volt input, then Ry should be adjusted for a 4.9-volt output.
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provided at the output of the divider alignment circuit in
order to separate the ac signal from the dc signal and, thus,
avoid interaction between the calibrating potentiometers.

The alignment procedure for the square-rooter function (Fig.
21} is identical to the alignment procedure for the divider
function. The input voltage range is limited to O < V| <
10V. This limitation is necessary in order to prevent the
output voltage (Vo) from latching to the negative output
saturation voltage of the operational ampilifier. Table 11 de-
scribes the divider alignment procedure.

x—BALANCE
50k vt=isv VT=-15V
vt:5y
1ak 330k
9.1k
VT=-I5V
I [V- C?‘C Veer| Tac
CA3091D
+
1, v (Bc
V4215V

veisy
50k

[3
FACTOR
ADJUST

50k
LINEARITY

EXBS

SAMPLE-BOARD TERMINAL
CONNECTIONS FOR
MULTIPLIER, SQUARER,
DIVIDER,AND SQUARE
ROOTER

ADJUST

Vi Vy Vo |

IN9I4

% RCA—CA374iT 1S A
GENERAL-PURPOSE
OPERATIONAL AMPLIFIER
WITH INTERNAL PHASE
COMPENSATION

RESISTANCE VALUES
ARE IN OHMS

CA374IT®

92C5-19547

Fig.16—Typical multifunction circuit arrangement utilizing
the CA3091D and CA3741T.

CA3091

392k 50Kk POT. IMG 68kQ  221kD

v*ai5v

a) Foil side.

221k 68k 1M

50k POT. 32k

50 kil POT.

50k{l POT.

\
50 k§ POT. AM

50 k{1 POT.
209k

5tk

CA374IT

yT=-15V.

681kQ

51k

GND.

QO 07 INSI4 Vx

0op Vo
b) Component side.

[ Vy ot

Fig.17—Photographs of a printed-circuit board for multi-
function applications (multiplier, squarer, divider,
square rooter) utilizing the CA3091D and CA3741T.

Table 1t — Divider Alignment Procedure

Sat Test
St V. tput
N:p z VY Measure C?:n F::‘ Equipment Adjust Notes
v v pling Used
1 — — — — — — Set all potentiometers to center af range.
2 0 Vg Vo ac ac — VM QOzero Adjust for minimum reading.
3 10Vdc Vo dc dc — VM Xpalance Adjust for OV dc output.
4 Vg Vg Vo ac ac — VM Ybalance Adjust for minimum reading.
5 5V de 5V dc Vo dc dc — VM kadjust Adjust for 10V dc output.
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CA3091

CONNECT vy AND Vy
TERMINAL S FOR SQUARER

OPERATION
QV’=I5V
Vx
x- VOLTAGE CA3091D
INPUT WiTH v,
peripHERAL[—O— "0

-0V <V, <I0VO— vy
* _(?—cmcunmv*

y-VOLTAGE O
-IOVE Vg0V
INPUT GND Vx-SV °

-10v £ v, SIvO—¢ *SEE FIG. Il FOR
4 PERIPHERAL

CIRCUITRY

i}

a) Circuit arrangement for multiplier or squarer operation.

Fig.18—Multifunction circuit-board arrangement with terminal connections for multiplier and squarer operation.

O

Yo
(DC COUPLED)

?+I5V

V,
X
CA3091D AND v V2
v, PERIPHERAL 0V
y|CIRCUITRY * Sut 4
Vy ¢
. -1 '
oNo. oV 10k (AC
= COUPLED)
VZO; i = =3
L * SEE FIG, | FOR PERIPHERAL CIRCUITRY 92C5- 19653
Fig.19—(a) Divider alignment circuit.
O vtaisv
VZ
—Hovsvy <lovQ
-10< Vp<lov

vy
o<V, sI0V

?v*nsv

CA3091D

1 PERIPHERAL vy
CIRCUITRY *
*SEE FI16.11 FOR
V" =-5v | PERIPHERAL
CIRCUITRY
-

a) Circuit arrangement for divider operation.

O o O
Op o ?/, Vy Vo - D ot 6
L4 Vi v
Yo® v, oY,
O 92CS-19659
Yo oV vy 96

b) Terminal connections for divider operation.

Fig.20—Multifunction circuit-board arrangement with ter-
minal connections for divider operation.

O O o O VoY Ve
op o Vi vy vo oo o ot s | gv vy
b b4 “
) Terminal connections for multiplying operation.
2
O O O O O O O ©O Vo =k (V)
Oop O Vy vy Vo O~ D ot G
T Ve 92C5-19660
¢) Terminal connections for squarer operation.
DC
POWER
SUPPLY
5.5V
500 uF - +
+= S+ ] L
Ac 1= . ¥ T
GENERATOR| gy p— 620 v,
(50Hz) p-p : DIVIDER
= 92CS-19654

Fig.19—~(b) Circuit to provide offset ac signal for use in
divider alignment procedure.

V-5V

?v*nsv
VX

= | cazo9ip O |
WITH

vy
PER{PHERAL] by
CIRCUITRY * ~

*SEE FIG. 1] FOR

v==-I15V  PERIPHERAL

CIRCUITRY

a) Circuit arrangement for square-rooter operation.

22 %% %% % %0
L v [V
w2

92C5- 19661

o)

Vo

Vo Vi

b) Terminal connections for square-rooter operation.

Fig.21—Multifunction circuit~board arrangement with ter-
minal connections for square-rooter operation.
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