LINEAR INTEGRATED CIRCUITS

CA3090AQ

Stereo Multiplex Decoder
For FM Stereo Multiplex Systems

RCA-CA3090AQ , a monolithic silicon integrated circuit, is a
stereo multiplex decoder intended for FM multiplex systems.

The CA3080AQ is the successor to the CA3090Q; it offers

three major advantages over the CA3090Q as follows: ;

1. Can directly drive a stereo indicator lamp with a current
drain of up to 100 mA,

2. Stereo Defeat/Enable control-voltage specifications.
3. Capable of operation with lower distortion.

This stereo multiplex decoder requires only one low-inductance
tuning coil (requirBs only one adjustment for complete
alignment), provides automatic stereo switching, energizes a
stereo indicator lamp, and operates from a wide range of
voltage supplies.

Figure 1 shows the biock diagram for the CA3090AQ. The
input signal from the detector is ampiified by a low-
distortion preamplifier and simultaneously applied to both
the 19-kHz and 38-kHz synchronous detectors. A 76-kHz
signal, generated by a local voltage-controlled oscillator
(VCO), is counted down by two frequency dividers to a
38-kHz signal and to two 19-kHz signals in phase quadrature.

The 19-kHz pilot-tone supplied by the FM detector is
compared to the locally generated 19-kHz signal in a
synchronous detector. The resultant signal controls the

voltage controlled oscillator (VCO) so that it produces
an output signal to phase-lock the stereo decoder with the
pilot tone. A second synchronous detector compares the
locally generated 19-kHz signal with the 19-kHz pilot tona. If
the pilot tone exceeds an externally adjustable threshold
voltage, a Schmitt trigger circuit is energized. The signal from
the Schmitt trigger lights the stereo indicator, enablu the
38-kHz synchronous di , and al ically h
the CA3090AQ from monaural to stereo opermon The
output signal from the 38-kHz detector and the composite
signal from the preamplifier are applied to a matrixing circuit
from which emerge the resultant left and right channel audio
signals. These signals are applied to their respective left and
right post amplifiers for amplification to a level sufficient to
drive most audio amplifiers.

The CA3090AQ may be used without the stereo defeat/enable

function (see Fig. 6) if a control voltage for this function is not
readily available. In this case, Terminal 4 should be grounded.

The CA3090AQ utilizes the 16-lead quad-in-line plastic pack-
age and operates over the ambient temperature range of
-556°C to +125°C.
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Fig. 3 — Indicator lamp characteristics (I ¢ vs. VCE"
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Fig.1 — Functional block diagram of the CA3090AQ.
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Fig. 4 — Test circuit for use with stereo defeat/enable.

Features:

Requires the use of only one low-inductance tuning coil
Automatic stereo switching 4

Directly drives a stereo indicator lamp up to 100 mA
Includes drlvoq for stereo-lamp indicator

Operates from a wide range of power supplies: 10 to 16 volts
Requires only one adjustment for alignment

Switching from monaural to stereo and stereo to monaural
produces no audible thumps

Low distortion: under 0.22% (typ.)

Separate dc input permits stereo defeat or enable

High signal output: directly drives audio amplifiers
Excellent SCA (storecast) rejection: 56 dB typ.

® High audio channel separation: 40 dB typ.

MAXIMUM RATINGS, Abso/ute-Maximum Values at T4 = 28°C

DCSUPPLYVOLTAGE . . . . . . . . . . . 18V
CURRENT AT TERM, 12, e . . . 100mA
INPUT SIGNAL VOLTAGE (COMPOSITE)® C v . . . 400mV
AMBIENT TEMPERATURE RANGE:

Opersting . . . . . . . . . .. —85 to +128°C

Storsge . . . . . . . . . . . . . -85t0+180°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance not less than 1/32" (0,79 mm)

fromcase for 10smex. . . . . .. . +2889C
® For stereo operation, s minimum lnput llwl volna (composite) of

40 mV is required.
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Fig.2 — Test circuit for DC characteristics.
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Fig. 5 — Test circuit for use without stereo defeat/enable.
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LINEAR INTEGRATED CIRCUITS

CA3090AQ

ELECTRICAL CHARACTERISTICS "CAPTURE ‘AREA"
. ) 3 { 0C POWER SUPPLY VOLTAGE
(v¥)ei2y
R TEST CONDITIONS LIMITS | LooP FILTER‘ CAPAC.*0.47uF
TERMINAL | T, =26°% T £
MEASURED | V+ = 12V (unless 2
CHARACTERISTIC AND specified otherwise) Min. | Typ.|Max. | UNITS %
8YMBOL g [CONDITIONS
! FICIENT
Static Charscteristics §
Total Current (Terms. 9, 10, 11) ltotal Lamp OFF - |22 |27 mA 'E' '
DC Voltage: !
Torm. 1 \Z] 16 |23 |31 v ;
Term. 6 (Indicator Lamp OFF) Vg - |21 |36 v i
Terms. 9 and 10 Vo g 10 47 |64 |84 \ . o ” [ %) 84 o8
VOLTAGE-CONTROLLED OSCILLATOR (VCO) FREQUENCY
Term. 12 (Indicator Lamp OFF) Vi2 vt=16Vv 127 - | - v (NO PILOT TONE APPLIED) — kiz 92C3-19088
Voltage Differential (Term. 2—Term. 1) Va-V, - 10 jo1 v Fig. 7 — Pilot-tone voltage level vs. VCO frequency with no
pilot-tone applied.
Current at Term. 12 (In actual use external circuit
resistance (e.g. lamp should limit Term. 12 to the Vi (atf=19kHz) =18 mV| 76 100} - mA DC POWER SUPPLY VOLTAGE (VF+12V 2s
maximum rated vaiue of 100 mA.) AMBIENT TEMPERATURE (T, ) s 25°C 222
PILOT VOLTAGE (AT I9kHz)*18 mv RMS F5
Dynamic Characteristics o i
ES
Input Impedance N - |80k | - Q L
- " * §
Channel Separation (L + R Reference) [ 256 140 | — _dB | w “CAPTURE" S
Channel Bal — " _ Joa[a a8 | § AREA
Monaural Gain iy = 180mV 3 |69 a8 s “° :
— 3 [conoITIoNS
Stereo/Monaural Gsin Ratio®* — {303] #3 d8 | o8 ] SurFicient
Indicator Lamp — Turn-ON Voltage 19-kHz pilot-tone @ Term. 1 - 4 — mV § = B R B ’Jk%‘z’.‘{'s‘clff G
Capture Range (Deviation from 76-kHz center 19-kHz pilot-tone 2 ( ;ﬁé”é’gﬂ ") 3
" frequency) voltage = 18 mV 166 |10 | — % 0.4 =
Distortion (76.us de-emphasis): _ o2l - % - :
2nd Harmonic V)N = 240 mV - TR 7% 80 84 86
3rd, 4th, and 5th Harmonic - _1<0.4] - % VOLTAGE-CONTROLLED OSCILLATOR (VCO) FREQUENCY
T9Hz Rejection ~ T35 | (NO PILOT TONE APPLIED) —kHz 92¢5-19085
38-kHz Rejection ) — 148 | - d8 Fig. 8 ~ Filter capaci vs. VCO with no
SCA (storecast) Rejection — |70 | - dB pilot-tone applied.
Stereo Defeat Voltage (V 4) - 1.2 | <09 Vv
Stereo Enable Voltage (V4) >16[12 | -
* For stereo ion, test diti require a
stereo input signal (modulated at 1 kHz) i ding a
19-kHz (18 mV) pilot-tone signal.
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printed-circuit board to a complete stereo ip der.
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LINEAR INTEGRATED CIRCUITS

CA3091D

RCA-CA3091D, a monolithic silicon integrated circuit, is a
four-quadrant multiplier that provides an output voltage that 680k
is the product of two input (x and y) voltages. AN

Vyrtiov

50k

2%

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 controllers, RMS converters, fre-
quency discriminators, and voltage-controlled filters and
oscillators.

vtesv¥

Y BALANCE

X BALANCE \
550k

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
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of-550C to +1250C.

Fig.1—Functional block diagram of CA3091D with typical multiplier outboardﬁ:eripheral)circuitry.

MAXIMUM RATINGS; Absolute-Maximum Values at T4 = 25°C
DC Supply Voltages:

Between Terms. 12and 1. ... ... ittt ittt et s +18 \%

Between Terms. 4 and 1 ... ... ... ..ttt ittt s -18 \Y
DC Supply Currents:

At Term. 12 with DC Supbly Voltage = +15 V. . .. ...ttt 4 mA

At Term. 4 with DC Supply Voltage = —15 V .. ... .. ittt et 16 mA
Bias Current (At Term. 3). ... ...\ttt it i s e 1 mA

B INPUL CUPI BNt . ittt ittt ittt e e e e e e +1 mA
Output Short-Circuit DUration .. ....... .. ...ttt No limitation
Voltage Reference Current . .. ... .. ...ttt ettt iett ittt et ea e e aaneennn 10 mA
Linearity Correction Currents:

At Terminals 7and 8 ... ... ..ttt e s 10 mA
Device Dissipation (Upto 1250C) . .. .........tttitettttittet et 200 mwW
Ambient Temperature Range:

Operating —55 to +125 oc

B (o T+ —65 to +150 oc
Lead Temperature (during soldering):

At distance not less than 1/32 inch (0.79 mm) from case for 10 seconds max. .................. +265 oc
* External resistance is required to limit the current to the indicated £1 mA value.
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RESISTANCE VALUES ARE IN OHMS
Fig.2—Schematic diagram of the CA3091D.

222

92CM-19534

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 dnm
" Low powov-supp!y sensitivity: 36 mV/V typ.

L}

< toad ch $oldh

k if full-

istics — no
scale input slgml is exceeded

® Negligible warm-up drift

® Broadband operation capability (flat to 1 MHz) — both
inputs have similar characteristics for reduced high-
frequency phase shift between the mplm

® Low-level linearity { ircui imizes low-
fevel feedthrough for improved smll-ugnal accuracy

& All multiplication is performed with wideband circuitry —

this permits two signals of frequencies much higher than

the -3 db freq y 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

® 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

Internal bias regulator

Applications:

® Multiplier ® Divider ® Squarer ® Square Rooter
® Power-series approximator
®  Full-wave rectifier

® Automatic level controller
® RMS converter

® Frequency discriminator
-

Volitage-controlled filters and oscillators




CA3091D

ELEC_TRICAL CHARACTERISTICS, For Equipment Design
TEST CONDITIONS LIMITS
- Circuit
CHARACTERISTICS SYMBOL | Tp =25°C, I)g=05mA and/or Min. Tye. Max. UNITS
Vt=16V,V-=-16V Char.
Curve
STATIC CHARACTERISTICS
INPUT CIRCUIT
Input Balance (Correction) Currents:
At x Input ) x=0 - -20 =21 +20 HA
I
Aty Input ¢ y=0 - -20 -8.7 +20 BA
Feedthrough Linearity Balance toc _ _3 _29 +34 A
(Correction) Current
OUTPUT CIRCUIT
Output Offset Current oo x&y=0, - -10 -0.23 +10 BA
Output Offset Voltage Voo 1oo thru R = - —0.330 —0.0076 +0.330 v
Output Peak Current Swing o Thru R = 24k 3 0.41 0.45 - mA
Output Peak Voltage Swing Vo Across R_ = 33k a 12 129 - Y
DC SUPPLIES & BIASING
Current Drain (Idling):
At Term. 4 V—=-15V — - 2.9 45 mA
At Term. 12 vt=+15V - - 2.0 3.0 mA
Reference Voitage Vref Measured across Terms. - 55 6.1 6.7 \Y
6&4atl=1mA
DYNAMIC CHARACTERISTICS
Output Current o With | = 0.2mA at each - - 0.21 0.32 mA
input
Normalized k F.ccor(kN= _:_' ) " 060 0 .
Accurac! - 26 4.0 % of
id Worst case at 250C - °
Linearity - 1.7 3.0 v
Feedthrough Voltage:
Aty =20V pp,x=0 - - 9 20 mv
Atx =20V pp,y=0 - - 9 20 PP
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Fig.5—Test circuit for measurement of input resistance.
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Fig.6—Test circuit for measurement of output resistance.
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LINEAR INTEGRATED CIRCUITS
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Fig.3—Test circuit for measurement of output current swing

capability.
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Fig.4—Test circuit for measurement of output voltage swing
capability.
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Fig.9- y—input frequency response characteristic curve with associated test circuit.
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LINEAR INTEGRATED CIRCUITS

CA3091D

ELECTRICAL CHARACTERISTICS, Typical Values intended Only for Design Guidance [ G[AMBIENT TEMPERATURE (T, ).a-cI | T R “l“
IRy
TOTAL LOAD RES'S M’/E\ >
TEST CONDITIONS
Circuit 2 § ¢
CHARACTERISTICS SYMBOL TA =259C, I|g =05 mA andlor  |TYPICAL  ynits Y AN, a\
VH=16V,V-=-15V Char. |VALUES 3 %\
Curve : 2\
STATIC CHARACTERISTICS E \
3
INPUT CIRCUIT & - A
Input Resistance: \
At x Input A Ii<02maA 5 13 KQ 2
Aty Input ! iyl<02mA 05 k9
. -30]
Input Capacitance: 10K 100K ™ oM
At x Input 5.8 FREQUENCY (f)—Hz 92CS- 19543
X npu c at 1 MHz - B
Aty Input 5.8 pF
OUTPUT CIRCUIT ATTENUATOR
S CA309ID
Output Resistance Ro 6 1.0 MO
Output Capacitance: Co at 1 MHz 4.0 pF ToTAL R_ e ggommm (E&?z'gm s
1/2W RESISTORS OR EQUIVALENT
DC Supply Voltage Sensitivity: W
At Term. 4 LVo 2% mvv ca00, senes.
av™ 35 7
v 1" oF I In*’
At Term. 12 36 mvV/V = =
o = 2
92CS- 19544
DYNAMIC CHARACTERISTICS . : P " e
Fig.10- x—input freq 1% D istic
Bandwidth (At -3dB point): curve with associated test circuit.
Through x Input W 8,10 4.8 MHz
Through y Input 8,9 44 MHz SYMBOLS, TERMS AND DEFINITIONS
30 Error Frequency: Output Offset Current
Through x Input _ 360 kHz The multiplier output current produced when both of the
Through y Input 310 kHz multiplier input signals are in the zero state.
Maximum Slew Rate SR 7pF in parallel with 10 M2 load 7 27 Vius Output Zero
Temperature Coefficients: Sets the output at the zero level when the x and y inputs are
Output Offset Current Alpo/AT x&y=0 - -0.021 uA/oC in ) the zero state. (It is implied that all other zeroing
Xinput Balance Current /AT x-0 _ —0.063 uA/OC adjustments have been effected.)
y-Input Balance Current Ic y=0 — —-0.063 uA/oC Ry
Normalized k Fﬁcw'lkN =k ) N _ _0.76 %/%/0C Input Resistance — Converts the input voltage to an input
current.
Accuracy - 0.11 %/0C RL
Linearity - 0.06 %/oC Output (Load) Resistance — Converts the output current to a
Feedthrough: voltage.
Atx =0 _ 5.6 mv/oC Ro
Aty=0 57 mviec Output Resistance — See Vo and lg for the equations
! associated with these properties.
Regulator Diode
A temperature compensated Zener diode, included in the
multiplier circuit, to provide a stable 1|g.
#—BALANCE 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
ke multiplier. The normalized k factor is expressed by kN = k/kref

CA30910

TEST PROCEDURES FOR MEASUREMENT
OF POWER-SUPPLY SENSITIVITY

[N AT A --|5v. MEASURE Vg
as Voi

2 n v*-lov.v --nsv MEASURE Vo

RECORD

P0S.

Vo2~ Vo
5V

PWER ;’;PPLV SENSITIVITY =

k F.
ky® O |I REFERENCE OR

AOJUSTED k FACTOR

KN * k/kp 0.1V,

NORMAL!ZED k FACTOR

Gi.e k=i *VysVgeiO)

OUTPUT CURRENT (MA) [AT
RRENT OF O

A Cu

BOTH INPUTSJ . Vo /33 lﬂ

OUTPUT VALUES Al

AGED FOR 4 COMOINATIONS

OF INPUTS(kp =

RESISTORS HAVE A TOLERANCE OF
5% UNLESS OTHERWISE INDICATED

Fig.11—Test circuit for measurement of current gain and power-supply sensitivity.
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3. AT V*I5V,V"~OV, MEASURE Vo
RECORD A5 Vo/33k8
NEG, POWER SUPPLY SEI vs
Vo3s~Voi | (0.2x10-3)2

sV

L1,

92CS-19545

where kref 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 tri d. Opti P of the

CA3091D is achieved when the k-factor is 0.1.

Vim

The maximum ac sine-wave volitage 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)




LINEAR INTEGRATED CIRCUITS

CA3091D

Vref.

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

Vx, Vy

The input voltages to be multiplied.

x-Balance 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
2zero state.

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 millivolts) are equal in magnitude. For example, a
~20 mV contour line with points at Vy =6V 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 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.

lic

See I0C.

lo

Output product current (kjIxly = 10}, where kj =kR?/ Ry
loc. lic

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

Input currents to be multiplied.

k

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

Current Scale Factor (k) = (R'2 /R )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, y 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.)

AMBIENT TEMPERATURE (T, )+25°C

T 77
9 / 1/ \ I I ,// NG
o [ VAR Z
7 ;c { / \x
6 26 P \ ‘ ERR ':.»‘1"-‘.1‘_}
g Gy A LS
4 201 \ \ \‘ eo N
ANAAARNNN N
1A NN N NGEH
s g o NN
§ \\ N T~ Note: See ““Contour
§ \ Map** in ““Symbols,
5 t4 Terms and Defini-
£ N N S A 1 tions" Section.
S ~ 4 b
S =N N 7=
A N P A
R\ [ v VAV 0.0/ =z
- \ \ / '."’/ 1//,
\ -8t
-8 \N -3
'Q \ \ \\ { ~l0.0"0{
"]io\; \ \\ \\\_‘/ \ 120 ~\|3o
-90-80-70-60-50
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2-INPUT VOLTAGE (v, ) —V

2 3 4 5 6 7 8 9 10

92cmM-19533

Fig.12—Contour mapping of multiplier accuracy (plotted on isomers) and linearity.

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.

Muttiplier Circuitry
Provides the product of the two input voltages.

Multiplier Transfer F
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 + Vel (Vy 8Vye) = Vo + Vge

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 muitiplier 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.

OPERATING CONSIDERATIONS
Operation of a Multiplier

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

Vo Tk Vg Vy

92CS-19656

Fig.13—Gain~ontrolled amplifier.

The basic multiplier, shown in Fig. 14a, is a two-quadrant
multiplier. The input signal (Vx) 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 (11-12) of the
differential amplifier, comprised of transistors Q1 and Q2, is
related to both the input signal (V) and the current source
(). Since the current source (1) is related to the q@in
controlling signal (Vy) the output current (11~12), therefore,
is related to both Vy and Vy.

I I, vy
Ve
~orv /// ////,
Vy Q Q2 Vx
T =
Y % ()
= 92CS- 19658
(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:

11-12=k"Vx Vy
where k' is a constant

(Eq. 1)
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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 (11 —12) must, theoretically, be zero as is shown by
the following:
1. Assume Vy =0,

theniq=i2and iz =iq

therefore i1+ig = i2+i3.

Since 11 =iq1+ig and 12 = i2+i3,

then 11 =12.

This equality is independent of Vy,

2. Now assume Vy =0,

then ig = ig.

Sine ig = i1+i2 and ig = i3ti4,

then i1+i2 = i3+ig.

Since i1 =i3and i2 = ig

then iq+ig = i3+i2.

Therefore 11 = 12.

This equality is independent of V.

92CS-19655

Fig.1 5—Basi;: four-quadrant multiplier.

"

The Itiplying op« d in the previous section
applies when neither Vx nor Vy is zero. The output current
(11-12) then satisfies Equation 1,

11-12 =k'VxVy.

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 Vx or Vy is 0. However, in practical
applications slight current unbalances do exist. It is neces-

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
nulling current unbalances.

The Bias Current (1;g) 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 low-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 (11 —12). 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<Vy< 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
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.

sary, therefore, to null out such unbalances with external 21) is id ) 10 the aligr nt procedure for the divider
P i s prior to ope! function. The input voltage range is limited to O < V| <
Table |
AC Alignment Procedures For CA3091D, Four-Quadrant Multiplier
(Refer to Fig. 16, for circuit per g to following alig procedures.)
s Voltage Setting Test
No. ?::: Equipment Measure Notes
- v | vy ! Used
1 - - - - - Set all potentiometers to center of range.
2 o Vim x Balance AC VM Vo Adjust for a minimum reading.
3 o Vim Linearity AC VM Vo Adijust for a minimum reading.
4 - - - - - Repeat Steps 1 and 2 until no further improvement
is noted.
5 ' Vim o y Balance AC VM Vo Adjust for a minimum reading.
6 o o Zero DC VM Vo Adjust for zero output.
Output
7 vmip| VmiD Rk AC/DC VM Vo Adjust for meo/‘lo at the output.
8 - - - - - Check multiplier for alig in all four q
VIM  — 1s the maximum AC swing of the sine wave that will 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.
ly satisfies the

Vmip — An AC or DC voltage that appr

Vmip = VIM/ V2. 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.

10V. This limitation is necessary in order to prevent the
output voltage (Vo) from fatching to the negative output
saturation voltage of the operational amplifier. Table Il de-
scribes the divider alignment procedure.

x—BALANCE

50k v¥i5v.
vtaisv
10k

1k p:

9.
~=-15V
[C 7
Img [V~ [NC Vrer| Toc

CA309I10

+
I, VGBC

V+=15V

V=I5V

VT=-15V

330k

V7z-15V

y-BALANCE

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

# RCA—-CA374IT IS A

COMPENSATION.
RESISTANCE VALUES
ARE IN OHMS

92CS-19547

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

392k} SOKQ POT. IMQ  681kQ

op Yo
b) Component side.
Fig.17—Photographs

0 0" IN9I4 Va D Vy

of a printed-circuit board for multi-
licati (multiplier, squarer, divider,

square rooter) utilizing the CA3091D and CA3741T.
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Table 1| — Divider Alignment Procedure

Set
Test
s:;: :1 “;v Measure 03::::9 Eqn:r::m Adjust Notes
1 - — - - - - Set all potentiometers to center of range.
2 0 Vs Vo ac ac — VM Ozero Adjust for minimum reading.
3 4] 10Vdc Vo dc dc — VM Xbalance Adijust for OV dc output.
4 Vs Vs Vo ac ac — VM Ybalance Adjust for minimum reading.
5 5Vdc| 5Vdc Vo dc dc — VM Kadjust Adjust for 10V dc output.

CONNECT Vy AND V)
TERMINALS FOR SQUARER
OPERATION

?v*-lsv
Vx

x=VOLTAGE CA30910
INPUT WITH v
—Q—="0
-0V £V, 10VO— vy [PERIPHERAL|
" —j— CIRCUITRY?|
,-':%H"GE -1I0V< Vo <lov

GND:!
*SEE FIG. Il FOR
PERIPHERAL
CIRCUITRY

-10V < vy <ivO—

a) Circuit arrangement for multiplier or squarer operation.

%8 PP T B Rl
S S S NS

b) Terminal connections for multiplying operation.

2
22 %% %289 o

92CS -1
Ives Vo 2C5-19660

¢) Terminal connections for squarer operation.

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

O
Yo
(P"“ (DC COUPLED)
v ._'_.L_?O
CA30910 AND lov,
v. | PERIPHERAL J Vo v
CIRCUITRY # ot y
V,
o
0k2 (AC
COUPLED)
vl = =
i_ # SEE FIG. 1| FOR PERIPHERAL CIRCUITRY 92¢5- 19653
Fig.19—(a) Divider alignment circuit.
O vtuisv
vl
<“ovsy, <iovO
-10g Vg < 1oV
vy,
o<V, s10V
y
?v*-nsv v,
£d
o
CA30910
WITH
PERIPHERAL <+
CIRCUITRY *
*SEE FIG.11 FOR
PERIPHERAL
CIRCUITRY

a) Circuit arrangement for divider operation.

2 R R PR
H

Vi z
Vor =L e 2
o

v, oy,

Vo Yy v, 92€5-19659

b) Terminal jons for divider op

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

DC
ER
SUPPLY

5.5V

500 uF -
+ (-— -) +
ha 620 0 v, o
GENERATOR| 9y p-
(50Hz) P ; DIVIDER

L

92CS-19654

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

O vhisv

GND. .
__l_—__? ?v*-»sv
= Vi

CA30910 0 |

WITH
PERIPHERAL|

CIRCUITRY * O—
- "SEE FIG.11 FOR
v=-I15V  PERIPHERAL
CIRCUITRY
a) Circuit arrangement for square-rooter operation.

NS OB OB 0 O

Vo Vi 92¢s- 19661

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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Zener Diode - Diode Array

RCA CA3093E* is a versatile array of three high-current
(to 100mA) NPN transistors, two 10%-tolerance Zener diodes
and one conventional diode, all on a common monolithic
substrate. Two of the transistors (Q1 and Q3) are matched
at 1 mA for applications in which offset parameters are of
special importance. The combination of positive Zener voltage
temperature coefficients and negative forward base-emitter
voltage temperature coefficients provides a unique tempera-
ture compensation capability.

MAXIMUM RATINGS, Absolute-Maximum Values at T = 25°C
Power Dissipation:

ANY ONE trANSISTOr . . ..\t vvveeeene e e e ans
Any one Zener Diode
Total package
Above 25°C
Ambient Temperature Range:
Operating
Storage
Lead Temperature (During Soldering):
At distance 1/16 * 1/32 inch (1.59 * 0.79mm)
from case for 10 seconds max.

The following maximum ratings apply for each transistor

Collector-to-Base Voltage (Vo)
Emitter-to-Base Voltage (VEBQ)

Collector Current (Ic)
Base Current (Ig)

Zener Diode dc Current (17)

Diode (D1) Forward Current (IpF)
Diode (D1) Reverse Voltage (VDR)

*The of each , the de of each Zener diode,
and the anode of the diode are isolated from the substrate by an
internal diode. The substrate must be connected to a voltage which
is more negative than any of these isolated terminals in order to

100] COLLECTOR -TO- EMITTER VOLTS (Vcg)=3V
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Collector-to-Emitter Voltage (VCEQ) -+ o ovvivnveeinnnnn
Collector-to-Substrate Voltage (VCIQ)™ .+ ovvvveeveeininn

Zener Diode-to-Substrate Voltage (Vzj0)* ... .

Diode (D1)-to-Substrate Voltage (VpIo)* ..................

General-Purpose High-Current N-P-N Transistor-

Independent connections for each transistor and diode plus
a separate terminal for the substrate permit maximum flexi-
bility in circuit design.

*Formerly developmental type TA6119
#2Z4, 27 and D1 are

s internally as shown below.

.

The following maximum ratings apply for each Zener Diode or Diode

..................... 500 mw
250 mW

750 mW

6.67 mW/°C

—55 to +125 °c

—65 to +150 °c

...................... +265 c
...................... 15 v
.................. .. 20 \Y
....... .. 20 v
........ 5.5 v
.. 100 mA

.................. N 35 mA
...................... 35 mA
...................... 20 v
50 mA

55 v

...................... 20 v

maintain isolation between devices and provide normal transistor
action. To avoid undesired coupling between devices, the substrate
terminal (5) should be maintained at either dc or signal (ac) ground.
A suitable bypass capacitor can be used to establish a signal ground.

TYPICAL STATIC CHARACTERISTICS

Features:

® 6 ind di devices plus sepa

= Comp . p coeffici — VgE and Vp1
VS.Vz

Transistors

& High Ic (100mA max)
8 Matched pair (Q1 & Q3)
V0 = £ 5mV max

1o = 2.5 uA max [ TICT1MA

AV|o/AT = 5uV/°C typ

8 hgg =40 min @ Ic = 10mA
or 50mA

® Low VCEsat. .. 0.7V max @ 50mA

Zener Diodes

u Two 1/4W Zeners
® Vz=7V+10%
8 z7 =15Q typ

Diode

® Close forward voltage match to Vgg's of Q¢ and Q2
® Vpyy =5.5V min.

Applications

® Signal processing and switching systems operating from
DC to VHF

Lamp and relay driver

Differential amplifier

Temperature-compensated amplifier

Thyristor firing

Temperature-compensated shunt regulator
Temperature-comp d series regul

Level shifting

Voltage-level clamping

Current regulator

Voltage clamping

Simple off-line regulated supply

See RCA Application Note, ICAN-5296 “Application of
the RCA-CA3018 Circuit Transistor Array’’ for applications
in addition to those given on pages 5 & 6 of this bulletin.
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Fig. 1— Functional diagram of the CA3093E (bottom view)
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ELECTRICAL CHARACTERISTICS at T = 25°C
For Equipment Design

differential amplifier)

Fig. 9 — Typical Zener breakdown voltage vs current

TEST CONDITIONS LIMITS
CHARACTERISTICS SYMBOL Min Typ. Max. UNITS
For Each Transistor:
Collector-to-Base V(BR)CBO Ic = 100uA,lg = 0 20 60 - v
Breakdown Voltage
Collector-to-Emitter V(BR)CEO Ic =1mA,lg = 0 15 24 - v
Breakdown Voltage .
Collector-to-Substrate V(BR)CIO Icy = 100uA, Ig = 0, 20 60 - v
Breakdown Voltage Ig=0
Emitter-to-Base V(BR)EBO Ig = 500uA,Ic = 0 6.5 6.9 - v
Breakdown Voltage
Collector-Cutoff-Current Iceo Vcg = 10V, 1g = 0 - - 10 BA
Collector-Cutoff-Current IcBo Ve = 10V, Ig = 0 - - 1 kA
Ic = 40 76 -
DC Forward Current v, _ C = 10mA
Transfer Ratio hFE cE = 3V
Ic=5mA| 40 | 75 |-
Forward Base-to-Emitter Voltage Vge Vce = 3V, Ic = 10mA| 065| 074 | 0.85
Collector-to-Emitter VCEsat Ic = 50mA, I1g = 5mA - 0.40 0.70
Saturation Voltage
Forward Base-to-Emitter AVgg/AT Ig = 10mA - -19 | - mv/°C
Temp. Coefficient
For Transistors Q1 and Q2 (As a Differential Amplifier):
Absolute Input Offset Voltage vio! - 12 |'s mv
Vcg = 3V.Ic = 1TmA
Absolute Input Offset Current ol - 0.7 25 HA
Temp. Coefficient of Offset Voltage lavyo/aTi - - 3 - uv/°c
For Each Zener Diode
Zener Voltage vz Iz = 10mA 6.3 7 1.7
Zener Impedance Zz 1z = 10mA, f = 1 kHz - 15 25
Zener Reverse Current IzR Vz = 45V - - 1 uA
Zener Voltage Temp. Coefficient AVz/AaT Iz = 10mA - +3.6 - mv/°C
ie. +.05 %/°C
Zener-to-Substrate Breakdown V(BR)ZIO 1z = 100uA 20 60 - v
Voltage (Terminals 7 & 9)
Dissipation Refer to Example in - - 250 mwW
Application "a"”
For Diode (D1)
Diode Forward Voltage Vpg Ic = 10mA, Vgg = 3V| 0.65]| 0.74 | 085 v
Diode Forward Current Ipg - - 50 mA
Diode Reverse-Breakdown Voltage V(BRIDR Ipr = 500uA 55 69 -
Diode-to-Substrate V(BR)DIO IDiode = 100KA 20 -60 -
Breakdown Voltage {Terminal 10)
Diode Forward-Voltage AVpg/aT Ipp = 5mA - -19 | - mv/°C
Temp. Coefficient
< 4| COLLECTOR-TO-EMITTER VOLTS (Vg 1+ 3V
l‘ AMBIENT TEMPERATURE (Ta)e25°C
2 —
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§ —— .%. AMBIENT (Ta)s70°C
o -
5 / § 7 25°C
I3 I -
‘g o g /"__—: o°c
H e $
z
- ' / g .
¥
3 2 8
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2 “ 6 8 2 . 6 8
0.1 10 ]
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Fig. 5 — VoEsarvs Ic at 70°C
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Fig. 7~ V0o vs I (transistors Q1 and Q2 as a

differential amplifier)
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Fig. 10— Typical Zener impedance Vs current
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TYPICAL APPLICATIONS
a) +7V Regulator supplying CA3093E Transistors plus an external

load.
*+VUNRES O—A 7
PY Ml
8
CA3093E ] ‘
oc EXTERNAL
CommoN © W Itnmso/goxl I LoAD
1422
€
~VUNREG O-
925-19683

Sample Computation for Determining Permissible Zener Dissipation
at +25°C.

CA3093E Ratings at Tp = +25°C

Total Diss. Max = 750 mW (Derate @ 6.67 mW/°C above 25°C)
Each Zener Diss. Max = 250 mW

Max. Zener Current = 35 mA

Assume CA3093E T /Diode Load Dissi = 360 mW then
max. total Zener Diss. (Pz, + Pz2) = 750 - 350 = 400 mW

400 mW
1Zy +122) max = =5y

(Note: Max. current rating on each Zener is 35 mA)

= 57mA

d) Temp.-Compensated Series Voltage Regulator

Q- e— PART OF CA3093E

oty 1 o
h,
2 5K R

I .
85+15v
EUNREG =18V ,
1 5K
o- 8 _} -4

92Cs-19686

Typical Temperature Characteristic @ €, = 12V
AE /E
—AT_K 100 =+ 0.009%/°C
Typical Load Regulation @ E|_= 12V
I =0to 40 mA
AEL
E

x 100 = + 0.4% (no load to full load)

230

b) 14V Regulator for Q1, Q2, Q3

2008 _—

o _i L
€ R
EUNREG - 20V \ L
° I
O 1. J
PART OF CA3093E 92cs-19684

Typical Load Regulation Typical Line Regulation

for I =0to 25 mA
AE(/EL x 100 ~ -6%
(no load to full load)

(AE/EL) x 100
AE unreg.

~ 1 0.9%/V

Typical Temperature Characteristic
AE /E
—r x 100 = 40.06%/°C

Typical Line Regulation @ E = 12V
(AE/EL) x 100

=+ 0.45%/V
AE unreg.

Typical E|_ Ripple Voltage = 70 mVp.p

AE
Typical Load Regulation = E L x 100 = -8.5% (no load to full load)
IL=0t30mA -

(AE/EL) x 100

Typical Line Regulation = AEAC

=1.076%/V

¢) 8.6V Temp.-Compensated Shunt Regulator

A 3093

1200 o I = — =
o—A + t
! |
7 2
! |

|

| : ‘IL

|
| |
! |

EUNREG =15V L 4 | L Ry
!
300 0o
® |
]
|
n_
o—
92C5-19685

Typical Temperature Characteristic @ R = 3300

SEL/EL 4100 =+ 0.007%/°C
at

Typical Load Regulation 1|_=0 to 40 mA
(AE{/EL) x 100 =-3% (no load to full load)

Typical Line Regulation at R|_ = 3302
AEL/EL

AE unreg. X100 =  0.55%/V

e) Off-Line 7V Regulator
OFF - LINE 7V REGULATOR
PART

OF
RECY n(/zw szon/lw [c_sosx
Na4iB | | 10 T0 30ma
I7¢
bl
Eac uoo,.r | Al
120v R
60~ I I EI. L
l'ed !
17
| | 92C5-19687
L_J




