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The "1 +" term in the gain expression for the noninverting con­
figuration indicates that the gain of this type of circuit will never 
decrease to zero as required for a true single-tuned response. The 
amount of phase compensation required for the narrow-band 100-
kHz amplifier is the value given in Fig. 180 for an inverting gain 
of 0.0 (infinite attenuation). 

Comparators - The CA3008 and CA3010 operational am­
plifiers have excellent transfer characteristics for comparator appli­
cations. As shown in Fig. 169, the amplifiers have no observable 
hysteresis effect; the trace (minus to plus) and retrace (plus to 
minus) excursions coincide. 

Integrators - The important design consideration when an 
operational amplifier is to be used as an integrator is that the dc 
feedback path has a time constant which is much shorter than the 
periods for the frequencies of interest. This relationship is neces­
sary so that an offset (error) voltage cannot continuously charge 
the feedback capacitor until the amplifier limits. Fig. 189 shows 
the circuit configuration for the use of the CA3008 or CA3010 
operational amplifier as an integrator and the responses of the cir­
cuit for I-kHz square-wave inputs. The dc gain of "the circuit is 

,---, 
I 390 K '" 
I I . Zf 

+6 V 

OUTPUT-0.2 V/DIV. 

f=IO kHz· 

OUTPUT· 50 mV/DIV 

-6 v 

Fig. 189 - Circuit diagram and the input and output waveforms for 
an operational amplifier used as an integrator. 
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limited to 20 dB by the 390,000-ohm feedback resistor. The effect 
of this resistor on the gain, however, becomes negligible for ac sig­
nals at frequencies above 13 Hz because of the 0.03-microfarad 
capacitor in parallel with it. The weighting factor of integration for 
the circuit is about 1 millisecond (R = 39,000 ohms; C = 0.03 
microfarad) . 

Phase compensation must also be provided in an integrating 
amplifier circuit to assure ac stability. In general, the amount of 
compensation required is the maximum value given by Fig. 180, 
because the closed-loop characteristic of the integrator has rolled 
off completely at the frequency where the intersection of the open­
loop response and the closed-loop characteristic occurs. 

Differentiators - The main problem in the design of differen­
tiating amplifiers is that the gain of such amplifiers increases with 
frequency; hence, they are susceptible to high-frequency noise. The 
classical remedy for this effect is to connect a small resistor in series 
with the input capacitor so that the high-frequency gain is de­
creased. Actually, the addition of the resistor results in a more 
realistic model of a differentia tor because a resistance is always 
added in series with the input capacitor by the source impedance. 
The schematic diagram of a CA3008 or CA3010 operational am­
plifier used as a differentiating circuit and the response of the circuit 
for I-kHz square waves are shown in Fig. 190. A value of 51 
ohms is selected for the gain-limiting resistor to illustrate that the 
effect of the source impedance is not necessarily negligible in dif-

39 K Zt 
r-----~r-----~ 

6 

-6 V 

Fig. 190 - Circuit diagram and the input and output waveforms for 
an operational amplifier used as a differentiator. 
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ferentiator applications. This 51-ohm resistor limits the high­
frequency numerical gain factor of the amplifier to 433. 

If the closed-loop gain of a differentiator rises to the open­
loop value before the open-loop response has started to roll off, no 
phase compensation of the circuit is required. In order to assure 
that the intersection of the closed-loop characteristic with the 
open-loop response occurs at a slope less than two, the RC time 
constant of the phase-compensating network must be adjusted so 
that it does not roll off in the region of the intersection. 

Scaling Adders - The inverting feedback configuration of the 
CA3008 and CA3010 operational amplifiers lends itself not only 
to summing several different signals, but also to weighting each 
signal to be summed. The weighting operation is possible because 
the virtual ground that exists at the junction of the feedback re­
sistor and the inverting input (terminal 3) isolates each signal 
channel from the others. The weighting operation requires that 
each input signal enter the virtual-ground node through an im­
pedance of such value that its ratio to the feedback impedance is 
equal to the desired weighting factor. 

Fig. 191 illustrates the use of the CA3008 or CA3010 opera­
tional amplifier as a scaling adder (weighting aIllplifier). This 
figure also shows a photograph of the output waveform. The mini­
mum phase compensation needed for this circuit is that required 
for the gain obtained when a single signal drives all the input 
channels in parallel. 

INTEGRATED-CIRCUIT FM IF AMPLIFIERS 

The CA3011 and CA3012 wide-band amplifiers and the 
CA3013 and CA3014 amplifier-discriminators are designed for 
use in black-and-white or color television receivers or in FM 
broadcast or communications receivers. The CA3011 and CA3012 
are basically if amplifier-limiters intended for use with external 
FM detectors. The CA3013 and CA3014, however, can provide 
if amplification, noise limiting, FM detection, and low-level audio 
amplification in the sound-if section of intercarrier television re­
ceivers or in FM receivers without the use of external components 
other than tuned coupling networks and bypass elements. 

Circuit Descriptions 

The circuit configurations of the CA3011 and CA3012 are 
identical; the circuits differ, however, in that the CA3012 is capa-
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ble of operation at higher levels of dc voltage and current. Simi­
larly, the CA3013 and CA3014 are identical, except that the 
CA3014 has higher dc voltage and current ratings. 

n.J 

1kHz 100Hz 
90 400 

mVpp mVpp 

10K 

+6V 

1.2 
K 

-6V 

VERTlCAL·0.5 V I DIV. 

Fig. 191- Circuit diagram and output waveform obtained when an 
operational amplifier is used as a scaling adder. 

Fig. 192 shows the schematic diagram of the CA3011 or 
CA3012 wide-band amplifier. The amplifier consists of three 
direct-coupled cascaded differential-amplifier stages and a built-in 
regulated power supply. Each of the first two stages consists of 
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an emitter-coupled amplifier and an emitter follower. The operat­
ing conditions are selected so that the dc voltage at the output of 
each stage is identical to that at the input to the stage. This con­
dition is achieved by operation of the bases of the emitter-coupled 

6* 7* 9* 
000 

r---+-{)5 

GROUND 
8cr--~---r-+----~--~r_+---r_~--------+---~ 

R9 

2cr-------r-----------------------------JVVv----4 
3 * INTERNAL CONNECTION-DO NOT USE 92CM-13780 4 

Fig. 192 - Schematic diagram of the CA3011 or CA3012 integrated-
circuit wide-band amplifier. 

differential pair of transistors at one-half the supply voltage and 
selection of the value of the common-emitter load resistor to be 
one-half that of the collector load resistor. As a result, the volt­
age drops across the emitter and collector load resistors are equal, 
and the collector of the emitter-coupled stage operates at a voltage 
equal to V BE plus the common-base potential. The potential at the 
output of the emitter follower, therefore, is the same as the com­
mon-base potential. 

Fig. 193 shows the schematic for the CA3013 or CA3014 
amplifier-discriminator. Each amplifier-discriminator includes a 
three-stage, direct-coupled, amplifier-limiter cascade and regulated 
power supply identical to those in the CA3011 and CA3012 wide­
band amplifiers, together with an FM detector and a Darlington 
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pair low-level audio output stage, on the same silicon chip. The 
operation of the amplifier-limiter stages and the regulated power 
supply is identical to that of the wide-band amplifiers. 

RI4 
2O---~--------------~~-1 

3 
92CM-13779 

4 

Fig. 193 - Schematic diagram of the CA3013 or CA3014 integrated­
circuit amplifier-discriminator. 

The FM detector includes all the components required for 
FM demodulation except the tuned phase-shift transformer. In 
the design of the integrated detector, the large nonintegrable diode 
load capacitors conventionally used to obtain peak rectification in 
balanced phase-shift discriminators and in ratio detectors are 
eliminated, and average detection is employed with a substantially 
resistive load. Filtering of the signal frequency and its harmonics 
is provided by the distributed capacitance of the load resistors; 
additional filtering is provided by the capacitance of the small 
reverse-biased diode junctions D5 , D6, and D7• The parallel input 
resistance at the discriminator terminals 6 and 7 is typically 12,000 
ohms; the parallel input capacitance at these terminals is typically 
7 picofarads. 

Characteristics and Applications 
The CA3011 and CA3013 are designed to operate at various 

levels of dc supply voltage up to 7.5 volts. The CA3012 and 
CA3014, which have higher supply-voltage and dissipation rat­
ings, may be operated at dc supply voltages up to 10 volts. For 
each circuit, the external dc voltage is applied to terminals 10 and 
5; dc voltages required at other terminals are derived from the in-
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ternal power supply. When the circuits are operated at the same 
dc levels, the characteristics of their amplifier-limiter stages are 
identical. For operation at 7.5 volts with an ac resistive load im­
pedance of 3000 ohms from terminal 5 to ground, the output 
voltage at terminal 5 with respect to ground is typically 3 volts 
peak -to-peak. Figs. 194 through 199 show the significant charac­
teristics of the FM-if amplifier integrated circuits. 

z 
o 250 

~~ 
2i~ 200 
c! 
~;;! 150 
S::E 
~.J,.IOO 
...Jo-g- 50 
I-

o 

APPLIES ONLY FOR CA3012 OR 
CA3014 

Jc slp} voJs (V :;;;-

~~ 

7.5 

I- r!-

-75 -so -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (TA)-·C 

92CS-13813T 

Fig. 194 - Total dissipation as a function of temperature. 
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Fig. 195 - Noise figure as a function of dc supply voltage. 
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Fig. 196 - Voltage gain and input limiting voltage as a function of 
temperature and of frequency in test circuit shown. 



236 RCA Linear Integrated Circuit Fundamentals 

. ':X: SUPPLY VOLTS CVcc)o7.5 
IC A_IE.~EMPERATURECTAlo25"C T ,---,-

- I - ·---f-

a~---r-

4 

t'-. -- . _ CIN 

5 

f--.......... 

10 15 
FREClUENCY(f)-MHz 

HCS-t379I5T 

4 

3 

2 

DC SUPPLY VOLTS (VCC)-7.5 
6 AMBIENT TEMPERATURE (TA)=25-C r----

T 
5 \ 

--

4 

3 
o 

1-- -- I--

~O~ -
........ 

VROUT 
r----

./ 
5 10 15 

FREQUENCY (f)=MHz 
92CS-13796T 

Fig. 197 -Input and output impedance as a function of frequency. 
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Fig. 198 - Input limiting voltage (knee) and recovered audio­
frequency voltage for operation of amplifier-discriminator at 1.75, 

4.5, and 10.7 MHz. 

The performance of the integrated circuits in the FM sound 
channel of intercarrier television receivers and in the if amplifier­
limiter-detector channel of FM radio receivers is at least equal to 
that of conventional circuits in every characteristic, and is superior 
in many of them. In particular, the AM rejection ratio (more 
than 50 dB) of the integrated circuits is so large that it cannot be 
measured with commercial FM-AM signal generators because of 
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AMBIENT TEMPERATURE (TA)'25"C 
SIGNAL FREQUENCY ·4.5 MHz 
MODULATING FREQUENCY.I kHz 
FREQUENCY DEVIATlON'!25 kHz 

I 

.95 

.90 

V 
I ./ 

.80 
7 8 9 10 

DC SUPPLY VOLTS (Vce) 
92CS-I3790T 

Fig. 199 - Total harmonic distortion as a function of dc supply 
voltage. 

incidental phase modulation of the generators. The block diagram 
in Fig. 200 shows the use of the CA3013 or CA3014 amplifier­
discriminator in the sound channel of an intercarrier television 
receiver. (Details of discriminator transformer shown in Fig. 200 
are given in Fig. 201.) Fig. 202 shows the use of the CA3011 
or CA3012 wide-band amplifier in the 10.7-MHz if-amplifier 
channel of an FM broadcast receiver. 

+ ,-----------::;! 
+Vee 

i 

1 

r------- , 

H--+--........ -;~ t I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I _______ ..J 

I INTEGRATED-CIRCUIT SOUND-IF AMPLIFIER AND DETECTOR I L ____________ ----.l 

PICTURE 
TUBE 

92CM-13826 

Fig. 200 - Block diagram of typical television receiver using CA3013 
or CA3014 i.ntegrated-circuit sound if amplifier and detector section. 
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Discrimlnator-Transformer 
Construction Details 

Coil-form outside diameter = 7/32 inch. 
Slugs: Radio Industries, Inc., Type "E" 

material, or equiv. 
Wire Type: GRIPEZE,* or equiv. 

f Size Turns Cl C. 
MHz AWG# 1.:L4 ..... laT pF pF 
1.75 36 44 20 44 820 820 

total 
4.5" 40 18 22 560 330 

total 
10.7" 36 18 18 18 100 100 

total 

" At this frequency, TRW Type No. 21685, 
or equiv., may be used for discriminator 
transformer 

"At this frequency, TRW Type No. 21590-
Rl, or equiv., may be used for dis­
criminator transformer. 

Fig. 201 - Details of discriminator transformer shown in Fig. 200. 
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Fig. 202 - Block diagram of typical FM receiver using CA3011 or 
CA3012 integrated-circuit wide-band amplifier. 
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HANDBOOK-4th Edition (8%" 
x 5~")-1500 pages. Comprehen­
sive reference covering the design 
of radio and audio circuits and 
equipment. Written for the design 
engineer, student, and experi· 
menter. Contains 1000 illustrations, 
2500 references, and cross-refer­
enced index of 7000 entries. Edited 
by F. Langford-Smith. Price $7.00. 
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or from Commercial Engineering, Radio Corporation of America, Harri­
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