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Television Chroma System SYSTEM FEATURES
: ' cA%70
The RCA CA3070, CA3071, and CA3072 are monolithic ~Performs the demodulation function. ® Voltage Controlled Oscillator
silicon integrated circuits ‘that constitute a complete chroma The CA3070 utilizes the 16-lead i Detecto

s ¢ - plastic dual-in-line package;

system for oolor. television receivers. The CA3070 is a the CA3071 and CA3072 are supplied '14-'Ieadm;3a:giec " Keved APC & AGC "
complete subcarrier regeneration system featuring a new dual-in-line packages. ® DC Hue Control
concept of phase control applied to the oscillator circuit. The © @ Shunt Regulator
CA3071 is a chroma amplifier system and the CA3072 ) CA3071
® ACC Controlied Chroma Amplifier
® DC Chroma Gain Control
® Color Killer
® Amplifier Short-Circuit Protection

CA3072

CA3070
Chroma Signal Procossor

) Measont ® Synchronous Detector with Color Difference Matrix
The CA3070 is a complete subcarrier- regéneration system : = Emitter-Follower Output Amplifiers with Short-Circuit
with automatic phase control applied to' the oscillator. An cimoua | Protection
amplified chroma signal ffom the CA3071 is applied to ”"‘"@ ] ‘
terminals No. 13 and No. 14, which are the automatic phase 1
control (APC) and the aiitomatic chroma cohitrol (ACC) in- !
puts. APC and ACC detectiori is keyed by the horizontal o |
pulse which also inhibits the oscillator output amplifier PRESELECT)
during the burst interval. L

The ACC system uses a synchronous detector to develop a
correction voltage at the differential output terminal Nos. 16
& 16. This control signal is applied to the input terminal Nos.
1 & 14 of the CA3071. The APC system also uses a synch
nous détector. The APC error voltage is internally pled to
the 3.58 MHz oscillator at balance; the phase of the signal at
terminal No. 13 is in quadrature with the oscillator.

To plish phasing requi an RC phase shift
network is used between the chroma input and terminal Nos.
13 and 14. The feedback loop of the oscillator is from
terminal Nos. 7 and 8 back to No. 6. The same oscillator
signal is available at terminal Nos. 7 and 8, buit the dc output
of the APC detector controls the relative signal levels at
terminal Nos. 7 or 8. Because the output at terminal No. 8
is shifted in phase campared to the output at terminal No. 7,
which is applied directly to the crystal circuit, control of the o2
relative amplitudes at terminal Nos. 7 and 8 alters the phase /
in the feedback loop, thereby changing the fi y of the [

crystal oscillator. Balance adjustments of dc offsets are
provided to establish an initial no-signal offset control in the )
ACC output, and a no-signal, on-frequency adjustment Fig. 1 — Simplified block diagram of TV chroma system.
through the APC detector-amplifier circuit which controls
the oscillator frequency. The oscillator output stage is
differentially controlled at terminal Nos. 2 and 3 by the hue
control input to terminal No. 1. The hue phase shift is
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accomplished by the external R, L, and C components that
couple the oscillator output to the demodulator input
terminals. The CA3070 includes a shunt lator to establish
a 12-volt dc supply.
Maximum Voltage and Current Ratings at TA = +25°C
Voltaged Current
Terminal | Min. Max. | [Terminal | 1) lo
No. Volts Volts No. mA mA
1 0 * 1 20 1
2 0 +16 2 - -
3 0 +16 3 el -
4 -5 N2 4 20 1
6 - - 10 N3 1
7 — — 1 — -
8 — — 12 = It
10 0 N3 13 20 1 —
1 0 N1 14 20 1 | [ ) Add
SR25 SRaa SR23SR22  SR2
12 0 N1 4 With respect to terminal 02) $3.3K S3K D47KIiK 390
13 0 N1 No.5 and with terminal | az a2
14 0 N1 No. 10 connected through oR2e
- 470Q to +24 V.
18 9 1 *18 1 N1 Regulated voltage at termi- K o3
16 0 +16 nal No. 10. . - - 3
N2 Controlied by max. input ALLRESISTANCE VALUES ARE IN OHMS orcL-17480
current
N3.Limited by dissipation. - Fig. 2 — Schematic diagram CA3070.
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MAXIMUM RATINGS, Absolute Maximum-Values at T = 25°C
Device Dissipation:

UptoTA=+70°C ......cvvnennnn. 530 mW

Above TA =+70°C .. . Derate Linearly at 6.7 mW/°C
Ambient Temperature Range:

Operating ..........oeovevene- —40t0+85 °C

STOrAge ......Wccoveneneenense —65t0+150 °C
Lead Temperature (During Soldering):

At distance 1/32 in. (3.17 mm) from seating plane

............ +265 °c

for 10 s max.

ELECTRICAL CHARACTERISTICS, at Tp = 25°C and V* = +24 V unless otherwise specified

LIMITS TEST
CHARACTERISTICS SYMBOLS | SPECIAL TEST CONDITIONS CA3070 UNITS CIRCUITS
MIN. l Tw.l MAX . [ FIG.__|
Static Characteristics
Voltage: .
Hue Control Vi Switch in position 2 6.9 7.7 8.6 3c
Oscillator input Vg - 28 -
APC Input V13 - 6.5 - v 3a
Regulator Vio vt=21vV ) 1 123 | 135
Regulator Change V10 vt=27V -02 | - +0.2
Horizontal Key Input V4 I4=—10 A 5 - -
Currents:
Oscillator Output 12 - 5.8 - mA 3c
y APC Output 111, 12 - 1.45 - 3b
ACC Output 115, 116 - 1.45 -
Dynamic Characteristics
Oscillator Outputs:
Terminal No: 2 Va2 S1 in position 1 075 | 1.0 - 4
Terminal No. 3 V3 S1 in position 2 0.75 1.0 - Vp-p
ACC Detected Output Vi6—Vis S1 in position 1 115 150 - mV a
Oscillator Pull-in Range - - +400 - Hz a
NTSC GEN. SET
Tsc BURST OF 0.4 V p-p
asus +av | P& n:‘:z SIGNAL MINUS 2 3::
PEAK PULSE DRIVE LUMINANCE s
DELAY ADJ. TO A 3
“";52 :uu:sn: .l_ ,L. L _L_ 100 ACC OUTPUT
j 100
O o ]
K i %z: K
——AN————(2D— 0 A 12m
180 62K
—— <12
o o1
| 180 = 680 =50 pF
—W—a—O— ¢ -—m I
5 % BEAD '§“ 2:
15 K ®
XTAL CE_'l oF

NOTES:

I ALL RESISTANCES IN OHMS.

2. UNLESS OTHERWISE SPECIFIED ALL CAPACITANCES
ARE IN MICROFARADS.

3. vz 8 vy MEAS'D WITH LOW-CAPACITY SCOPE
PROBE S 20 pF.

Fig. 4 — CA3070 Dynamic test circuit.

186

92CM - I7576RI

vt

09989000

mk_jéééé§§
PPOPPOOP

!
CA3070 |
/
COOOOO® |
/
won w0 z:____n 2._'5,
e AAA
v VVv- ©
92CS-17577

Fig. 3 — Static characteristics test circuits.

Dynamic Test Initial Adjustments

1. APC ADJUST: With S2 in “OFF" position adjust the
“APC ADJ" potentiometer to set oscillator frequency at
3.579545MHz 125 Hz. With S1 in position 1 measure
frequency at terminal No. 2 output, using crystal probe
shown in Fig. 6.

2. ACC ADJUST: With S2 in “OFF" position adjust “ACC
ADJ” potentiometer to give an ACC output reading of
02 mV.

Procedure to Pull-in Range Measurement

1. Set S1 in position 1 and connect the crystal probe to
terminal No. 2.

2. Turn S2 to ““OFF” and set “APC ADJ.” arm to ground.
3. Turn S2 to “ON" and gradually adjust ‘*APC ADJ" until

oscillator “locks” as witnessed by a sharp increase in ACC
output voltage between terminal Nos. 15 and 16.

4. Turn S2 to “OFF” and adjust capacitor Cp of crystal
probe for maximum deflection on Ballantine Meter.

6. Switch Ballantine meter to “Amplifier’’ position and read
oscillator frequency on counter.

6. Repeat steps 2 — 5 with “APC ADJ"" arm set to terminal
No. 10 instead of to ground.

4

18k BALLANTINE
AN~ {0 } 3ia COUNTER

|

Saal

cpF3-26F Ssin

P o

|

Lo eeeee pmefd
= 92CS-17579

Fig. 5 — Crystal probe for frequency measurements.




CA3070, CA3071, CA3072

CA3071 Chroma Amplifier

The CA3071 is a combined two-stage chroma amplifier and
functional control circuit. The input signal is received from

The dc voltage level at terminal No. 13 rises as the ACC
differential voltage decreases with a redugction in the burst

LINEAR INTEGRATED CIRCUITS

MAXIMUM RATINGS, Absolute Maximum-Values at T4 = 25°C
DC Supply Voltage (Terminal 8

the video amplifier and applied to terminal No. 2 of the amplitude. At a pre-set condition determined by the killer ?oTe!'m.inal‘ 4) e, 30 vDC
input amplifier stage. The first amplifier stage is part of the adjustment resistor the killer circuit is activated and causes Device Dissipation: !

ACC system and is controlled by differential adjustment  the 2nd chroma amplifier stage to be cut off. The 2nd UptoTA=+70°C ............ --.- 830 mw
from the ACC input terminal Nos. 1 and 14. The output of  chroma amplifier stage is also gain controlied by the Above Tp =+70°C .... Derate Linearly at 6.7 mW/°C

the 1st amplifier is directed to terminal No. 6 from where
the signal may be applied to the ACC detection system of
the CA3070 or an equivalent circuit. The output at terminal
No. 6 is also applied to terminal No. 7 which is the input to

adjustment of dc voltage at terminal No. 10. The output of
the 2nd chroma amplifier stage is available at terminal No. 9.
The typical output termination circuit that is shown,
provides differential chroma drive signal to the demodulator

Ambient Temperature Range:

Operating
Storage .......

Lead Temperature (During Soldéring):

—40 to +85 °c
-65t0+150  °C

B e S

the 2nd amplifier stage. Another output of the Ist amplifier  circuit. Both amplifier outputs utilize emitter-followers with At distance 1/32in (3.17 mm) .
at terminal No. 13 is directed to the killer adjustment circuit. short-circuit protection. from seating plane for 10smax. ...... +265 C
g & ) S Maximum Voltage and Current Ratings @ T = +25°C
(h‘m *
se'kS % ¥ 4 Voraee
. sex 37K Torminal | 1 | 19 | [Torminat | miN MAX
YT m No. | mA | ma No. | voLts | vouts
03 1 1.0 1 -5 +16
N 2 5 | 10 2 = +6
r°' °':}—~ 3 0 | 10 3 0 +2
% - 6 1.0 | 20 6 0 +24 |
<R,
" 3500 7 5 | 10 7 i +5
e 9 1.0 ] 20 8 0 +30
140 toc o 33K " Rae 12 10| 6 9 0 +24
Q'J_‘ N oue _ "" 14 5 | 1.0 10 0 +24
o Ras l her R * With reference to 1 0 +24
R, R terminal No. 4 and
" w ® with +24 V on terminal 12 0 120
10— No. 8 except for the 13 0 +20
: rating given for terminal
Ri7 No. 8. 14 -5 +15
9.3k [h
3.3x0
R20
360
ska
ALL RESISTANCE VALUES ARE IN OHMS
Fig. 6 -Schematic diagram for CA3071. oV
ca3on!
ELECTRICAL CHARACTERISTICS, at T = 250 C
s cuRves ' é
CHARACTERISTICS | SYMBOLS| SPECIAL TEST CONDITIONS AT UNITS | s + ® © 2 ® @« A
(Measure) win. [ Tve. [ max. FIG. oT 23 »
Static Characteristics KF ° °
LIAN s2
Voltages 92CS-17580R!
Bias Reference Terminal V12 Sy Open, S2 Open - 173 - I%O
L¢
A'lv:‘pl 'No 1 Chroma va Sy Open, S2 Open _ 175 _
Emat No T Chvoma
Output Balanced Ve |S10pen,s7 Open - || - v 7 Fig. 7 - Static characteristics test circuit—CA3071.
Unbalanced Ve S Open, S Closed - 135 -
Ampl. No. 2 Chroma _ - +24vV
7:-:»0- ° V7 Sy Open, Sz Open 15
Ampl. No. 2 Chroma - -
Outpot vg Sy Closed, S Open 206 %m
Supply Current I Sy Open, S2 Open 17 245 N mA
Dynamic Characteristics
Amplifier No. 1 Voltage Gain Avi |Eg:- 30mVRMs Measurevg | 14 - - dB 8
Amplifier No. 2 Voltage AV2  |vg- 10V (RMS) Messurevy | - |14 | - | a8
Max. Chroma Output 11

Voltage ve - 2 - VAMS
10% Chroma Gain Control €g = 50 mVRMS, adjust Chroma :

Ref Volt vg-V Gain Control to Change to| X

erance Yoltage 8-Y1o 10% of Maximum Chrom:’ 21| 38 68 v ]
Output 8 |
Output Voltage, Killer OFf Sy in Position 2 v |
kg = 50 mVRMS, adjust “Killer _ |
vo .Adjuu"'ovanu:tuplm.m - 12 RMS ,_M wi() @ é é é oNo
inVg . 100
Output Voltage, Chroma Off Eg = 50 m VRMS. adjust Chroma) _ v > F o8 .08, )
1408, Chroma o 9 atrol 1o min Cheoma Outpot| 2| Qs sTex + 1K 220pF
S , i 2 b
. Amplifier No. 1 - | -
MH, 22k
Amplifier No. 2 8w - 30 - * |9, 10 worEs
il - 2 = (1) :
Ampl. No. 1 Input i )

" S I R L TR A ores
I R " [ | o RSO s s
e ; o = — T o 8 3. ALL RESISTANCES IN OMMS

No. i ]

Impedance p - 35 1= oF 4 A4 CAPACITANCES ARE IN MCROFARADS UNLESS OTHERWISE szcu-rse
Ampl. No. 2 Output )

X 02 - |8 - R Fig. 8 - Dynamic characteristics circuit-CA3071.
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Fig. 9 — CA3071 Wideband amplifier
circuit,

CA3072 Chroma Demodulator

The CA3072 has two sets of synchronous detectors with
matrix circuits to achieve the R-Y, G-Y, and B-Y color
difference output signals. The chroma input signal is applied
to terminal Nos. 3 and 4 while the oscillator injection signal
is applied to terminal Nos. 6 and 7. The color difference
signals, after matrix, have a fixed relationship of amplitude
and phase lly equal dc voltage levels. The outputs
of the CA3072 are suitable for driving high level color
difference or R, G, B output amplifiers. Emitter-follower
output stages used to drive the high level color amplifiers
have short-circuit protection.

MAXIMUM RATINGS, Absolute Maximum-Values at T4 = 25° C

DC Supply Voltage (Terminal 8 to Terminal 14)..........27 V
Reference Input Voltage. ....................... ... 5 Vpp
ChromainputVoltage. . .............cooiutiinnnennans 5 Vp-p
Device Dissipation:
UptoTA=+700C. ............iiiiiiinennnnns 530 mW
Above Tp = +700C Derate Linearly at 6.7 mW/oC
Ambient Temperature Range:
Operating -40 to +850C
Storage . . -66 to +150°C
Lead Temperature (During Soldering):
At distance 1/32 in (3.17 mm) from seating plane
for10smax ...........ciiiiiiiiiiinann +265°C
Maximum Voltage and Current Ratings
at Tp = +250C
Voltage* Current
Terminal MIN MAX  Torminal 1] o
No. VOLTS | VOLTS! No. mA | mA
3 [)] +6 3 - -
4 0 +5 4 - -
6 0 +12 6 - =
7 [ +12 7 - -
8 o +27 8 - -
9 0 +20 9 1.0 20
n 0 +20 1 1.0 20
13 0 +20 13 1.0 20
*With reference to terminal No. 14 and

with the voltage between terminal No. 8
and terminal No. 14 at +24 V except as
given in rating for terminal No. 8.

PPPPPPY

CA3072

92C5- 17585

Fig. 13 — Static characteristics test circuit—CA3072.
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Fig. 11 — Typical CA3071 wideband
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Fig. 12 — Schematic diagram for CA3072.
ELECTRICAL CHARACTERISTICS, at Tp = 250 C and V* = +24 V unless otherwise specified
e LIMITS TEST
HARACTERISTICS SYMBOLS SPE(;IAL TEST CONDITIONS CA3072 UNITS |cipcunTs
MIN. | Tvp.max. FIG.
Static Characteristics G
Supply Current
With Output Loads T S1 Closed 165 | — 265 A
m,
With No Output Loads S1 Open - 9
G-Y, R-Y, B-Y Outputs Vg. V11, V13| S1 Closed 13.2 |14.7 |158 13
Chroma Inputs V3, Vg S1 Open - |33 | - v
Reference Subcarrier Ve, V7 S1 Open - |62 | -
Dynamic Characteristics
Demodulator Unbalance vQ,V11.V93 [V3=V4=0 - |- |os | VPP
v
Maximum Co'or Difference 13 80 | - -
Output Voltage Vi1 V3=V4=06Vpp 55 | - -
vo 12 |- | -
. v Vp-p
Chroma Input Sensitivity 3 - |02 |0.35
v Adijust e¢ for 5.0 vp.p @ term
Relative R-Y Output 1 No. 13 (B-Y) 35 | - |42
Relative G-Y Output ve 075 | - [1.25
Vol = V11l 14
Vpc Ditference Between v v _
- =0 - — . v .
any two Output Terminals Vol - Va3l | e 06
Vi1l - IVasl
input Impedance 6,7 - 17 | - kQ
Reference Subcarrier Inputs 6.7 _ 6 |- oF
Input Impedance at 3.4 - |095] - kQ
Chroma Inputs ci3. 4 _ 6 | - pF
109, 111,
Output Resistance - 180 | - Q
B 13
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0 —@1 .-y
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NOTE:
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Fig. 14 - - Dynamic characteristics test circuit for CA3072.

Application Information

TYPICAL APPLICATION CIRCUIT FOR THE CHROMA
SYSTEM

The circuit of Fig.751 is a complete signal processing system
for color TV. The RCA types CA3070, CA3071 and CA3072
monolithic integrated circuits are respectively used as the
subcarrier regenerator, chroma amplifier, and chroma
demodulator.

The input to the system is the chroma signal which may be
taken from the first or second video stage and is coupled into
the CA3071 chroma amplifier through a bandpass filter. The
outputs from the system are the color difference signals
which are intended to drive high level amplifiers. Luminance
mixing may be external to the picture tube or, the difference
signals may be amplified and applied to the picture tube grid
or cathode, where they are internally mixed with the
luminance signal.

Other input requirements to the system are the power supply
voltage of +24 volts and the horizontal keying pulse. The
power supply voltage should be maintained within 3 volts
of the recommended value of +24 volts. The total current for
the system is approximately 70 milliamperes. The horizontal
keying pulse input to the subcarrier regenerator is approxi-
mately +4 volts peak and centered on the burst as seen at
terminal Nos. 13 and 14 of the CA3070. The pulse width
should be maintained as close as possible to the recom-
mended value of 4.5 microseconds.

CA3070 Circuit Operation

The CA3070 circuit as shown in Fig. 2, consists of an
oscillator, ic phase I (APC) di , auto-
matic chroma control (ACC) detector, gated oscillator
output amplifier and a shunt regulator. The shunt regulator
provides the necessary bias stability for the 3.579545 MHz
oscillator, as well as thc bnas to all functions of the CA3070
circuit. The regul ge is inally +12 volts as
measured at terminal No. 10.

The APC and ACC d s are synch d s
which are keyed by the horizontal input pulse. This form of
detection eliminates the need for a burst separator as an

LINEAR INTEGRATED CIRCUITS
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Fig. 15 - Typical chroma system for color-TV receivers utilizing RCA-CA3070, CA3071, and CA3072.

oscillator transistor (Q17), when the oscillator output ampli-
fier transistors (Q2 & Q3) are cutoff. The chroma signal is
applied to terminal Nos. 13 and 14. There is oscillator
current drive to the APC and ACC detectors during the
keying interval; burst separation is effectively accomplished
by the gating action of the detectors. A further advantage of
the keying action is the high gain made possible as a result of
the low average current flow of the APC and ACC detectors.
High resistor values of 62 kilohms at the detector output
terminals provide proper detector bias consistent with the
duty factor of the keying pulse. For a wider keying pulse, it
is necessary that smaller values of detector load resistors be
used.

in the absence of the keying pulse (line period), the resistor,
R20, biases the oscillator’s output amplifier transistors (Q2 &
Q3) on by keeping their emitters at a higher potential than
the base bias voltages of Qs, Qg, Qg, and Q1¢. The 3.58
MHz signal is now present at terminal Nos. 2 & 3.
Photographs of oscilloscope traces for one line period at the
terminal Nos. 1, 2, and 3 are shown in Fig.16. The effect of
the keying pulse is shown in Fig.16a, and the cutoff of the
oscillator output amplifier is shown in Fig.16(b) and 16c.

The oscillator section of the CA3070 consists of the loop
formed by Q18 and the emitter driven differential pair, Q13
& Q14. The signal output from terminal Nos. 7 & 8 is

individual amplifier stage. When a p pulse is pr tat
terminal No. 4, the oscillator output is cutoff and the
oscillator drive signal is diverted to the APC and ACC
detectors. Referring to Fig. 2, the APC detector (Qg & Q10)
and the ACC detector (Q5 & Qg) are emitter driven from the

. ANy

Fig. 16(a) - CA3070 terminal No. 1
7.5 V oscillator “gate off” pulse.

led through the series tuned crystal circuit back through
terminal No. 6 to Q16 & Q17. The collector of Q17 drives
the oscillator output amplifier and the APC & ACC de-
tectors. Q17 is emitter coupled to transistor Q18. The
oscillator frequency and phase control is accomplished by

Fig. 16(b) -CA3070 terminal No. 2, 3.5 Vp-p oscillator
output; one horizontal line, (gated off during burst).

the differential drive from the APC detector to transistors
Q12 & Q15 which control the balance of Q13 & Q14. The
resulting phase of the feedback loop is determined by the
relative amplitudes of the oscillator output signal at terminal
Nos. 7 and 8. The 65 pF capacitor between terminal No. 7

and 8 provides the phase shifting component as the balance
of Q13 and Q14 is varied. In this way the APC detector
controls the crystal frequency at which the phase shift is
cancelled in the feedback loop.

The controls for the CA3070 subcarrier regenerator circuit
are the APC balance, the ACC balance, and the hue control.
The hue | is a dc bal dj of the oscillator
output amplifier transistors Q2 & Q3. A phase delay network
between the output terminals Nos. 2 & 3 determines the
range of the hue control, which for the value shown in Fig.
15, is approximately 90°.

The ACC adjustment sets the initial balance of the ACC drive
to the input of the CA3071 in Fig. 15 (terminal Nos. 1 and
14 of the CA3071). The APC is a frequency adjustment of
the oscillator through the balance control of the APC
detector.

As a setup adjustment, for both the ACC and APC, switch S1
is opened and S2 is closed. The chroma input to the system is
removed and the dc voltage at terminal No. 6 of the CA3071
is noted. The switch S2 is then opened and the ACC adjusted
to set the voltage at terminal No. 6 to that previously noted.
Alternatively, the differential dc voltage at terminal Nos. 15
& 16 of the CA3070 may be set to 0 mV (2 mV) when S1
and S2 are open, and the CA3071 is removed from the
circuit.

Fig. 16(c) - CA3070 terminal No. 3, 2.0 Vp.p oscillator
output; one horizontal line, '(gated off during burst).

189




LINEAR INTEGRATED CIRCUITS

CA3070, CA3071, CA3072

With the chroma signal still removed, the APC adjustment
sets the frequency of the oscillator to 3.579545 MHz. Due to
the gated off interval, a counter will not accurately record
the frequency at the oscillator output amplifier terminals.
Two simple and accurate methods are as follows: (1) a
buffered crystal filter circuit, connected to the oscillator
output amplifier terminals’ will continue to ring and fill
the gated off window providing the proper interface to a
counter; (2) the other method involves monitoring the

demodulated output at the color difference output terminals
of the CA3072. A zero beat signal, at the color difference
outputs may be seen on an oscilloscope.

When these adjustments are made, similar oscilloscope traces
should be seen as shown in Fig. 17.

CA3071 CIRCUIT OPERATION

The CA3071 Is the basic amplifier and control circuit of the
chroma system. It contains the gain control functions of the
ACC loop, the color killer, and the dc chroma gain control.
The CA3071 is a wide band amplifier having two stages of
voltage gain. Curves of frequency-response and linearity are
shown in Figs. 10 & 11 for the wideband circuits shown in
Fig. 9. This is the same basic amplifier as the one in the
system shown in Fig. 15 except for the omission of the tuned
circuits and the ACC loop connection. The amplifiers have
bandwidths of greater than 10 MHz, and are usable well
beyond 30 MHz. The signal swing of the wide band amplifier
is in excess of 5 Vp.p, even with the typical load coupling as
shown in Fig.15. Fig. 18 (a, b and c) show the oscilloscope
traces for an NTSC signal at the chroma input. The overall
frequency-response curves are shown in Fig.19.

CA3071 operation is as follows (Refer toFigs. 6 &15), The
input chroma signal is applied to terminal No. 2. This signal
is amplified in a cascode differential circuit from Qqg to Q12
and the output is an emitter follower, Q14 (Terminal No.
6.) The signal is divided in the Qg & Qq2 differential
amplifier, depending on the applied ACC error signal ampli-
tude at terminal Nos. 1 & 14. The ACC error signal is de-
rived from terminal Nos. 15 & 16 of the CA3070 and after
filtering, is applied to terminal Nos. 1 & 14 of the CA3071.

At low signal drive, the 390 kilohm resistor at switch S1
(normally closed) unbalances the differential amplifier for
high signal gain through Q12. As the burst level at the
chroma input increases, the ACC drive changes differentially
in a positive direction at terminal No. 14 and a negative
direction at terminal' No. 14 and a negative direction
at terminal No. 1. At strong signal levels the gain is
reduced by diverting the balance of ac current in the
differential amplifier from Q12 to Qg, which is shunted to
ac ground at terminal Nos. 12 and 13. The ACC loop is
completed through the chroma signal at terminal No. 6 of
the CA3071 to terminal No. 14 (input) of the CA3070. A
typical ACC characteristic is shown in Fig. 23.

The chroma signal is buffer connected from terminal No. 6
to terminal No. 7 of the CA3071 and is amplified in the 2nd
stage of voltage gain. Both the color killer adjustment and the
dc chroma gain control are applied to the 2nd stage to
control the chroma output at terminal No. 9. The color killer
section of the CA3071 is a Schmitt trigger & amplifier circuit
consisting of transistors Qq, Q2 and Q3. Under maximum
chroma output conditions, the diode D2 is reversed biased,
and the signal path is through Q15, Q4 and Qg to terminal
No. 9. When the color killer circuit is actuated, or the
chroma gain control is adjusted to a higher positive voltage at
terminal No. 10, the anode voltage of diode D7 is increased
to draw current from the signal path at the emitter of Q4.
This decreases the chroma gain as the potential at terminal
No. 10 is increased. When the potential at terminal No. 10
is the same as terminal No. 8, the chroma output at terminal
9 is cutoff.

The color killer circuit provides an abrupt voltage swing at
the anode of D2 to cutoff the chroma output when the
Schmitt trigger circuit is forward biased at terminal No. 13.
In the circuit of Fig. 18, the color killer adjustment is a
resistance divider circuit which establishes the threshold of
burst level at which the killer operates the chroma amplifier.
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CA3072 CIRCUIT OPERATION

The CA3072 is a chroma demodulator having full color
difference signal demodulation capability. The chroma signal
is applied to terminal Nos. 3 & 4 and the reference subcarrier
signal is applied to terminals Nos. 6 & 7 of the CA3072.
The output color difference signals are B-Y at terminal
No. 13, R-Y at terminal No. 11, and G-Y at terminal No. 9.
The typical level of differential chroma drive required at
terminal Nos. 3 & 4 is 400 mVpp. The amplitude of
chroma at terminal No. 6 & 7 is approximately 1.0 volt at
104° relative phase difference which results in a B-Y output
amplitude of 5Vp.p. The voltages of the R-Y & G-Y outputs
are at 3.8 and 1.0 Vp.p respectively, when there is 5Vp.p
output at B-Y. These comparative signals are based upon a
complete phase rotation of the chroma relative to the
subcarrier signal reference. The relative demodulation phase
and amplitude ratios of the Fig. 15 circuit are shown in the
oscilloscope trace photographs of Fig.21. Using the hue
control setting for B-Y phase at the B-Y output, the G-Y
color-difference signal is approximately —104° and the R-Y
color-difference signal is approximately +106°. Since the
amplitude ratios are a function of the applied signal phase
relationship, the NTSC color difference output signals are
shown here primarily for phase reference conditions.

CHROMA SYSTEM CONSTRUCTION

Fig. 25 shows the complete CA3070, CA3071 and CA3072
chroma system in the Fig. 18 circuit. Table | lists the dc
terminal voltages for the system. The chroma gain and hue
controls, as well as the switches S1 and S2 are removed. The
template circuit board layout is also shown for duplication
purposes. It should be noted that a few component values are
modified in Fig. 18 from the dynamic circuit values of the
data sheet. These are necessary for system matching and
overall filter requirements.

Fig. 17(a) . CA3070 terminal No. 6, oscillator waveform
1.1 Vp.p 3.58 MHz.

Fig. 17(b)- CA3070 terminal No. 7, oscillator waveform

1.4 Vp.p 3.58 MHz.

Fig. 17(c) - CA3070 terminal No. 8, oscillator waveform
1.6 Vp.p 3.58 MHz.

Fig. 18(a) - CA3071 chroma input 1.25 Vp.p; one horizontal
line of NTSC input signal.

Fig. 18(b) -CA3071 terminal No. 6, amplifier No. 1 chroma
output 2.3 Vip.p. one horizontal line for 1.25Vp.p chroma
input

Fig. 18(c) -CA3071 terminal No. 9, amplifier No. 2 chroma
output 8.5 Vp.p, one horizontal line for 1.25 Vp-p chroma
input
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Fig.. 19(a) - Frequency response sweep curve between
terminal Nos. 2 & 6 for CA3071. f = 250 KHz/div.

Fig. 19(b) - Frequency response sweep curve between
terminal No. 2 of CA3071 and terminal No. 3 of CA3072.
f = 250 KHz/div.
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4 AT
> HHEAH
S 7
1T
: e _
S #
z 2
] ”
: - :
= 1000 Qi 5 o
@ Ve XY o
> e °
" . &
:
© :M s ;
2 1 ' 3
s -
3 H:--(- 12
2 ans
W 17
I
1 HHn
© 250 500 750 1000 1250 1500
NTSC CHROMA INPUT SIGNAL—mVp-p s2cs-17872

Fig. 20~ Typical ACC characteristics for chroma system
of Fig. 18




LINEAR INTEGRATED CIRCUITS

CA3070, CA3071, CA3072

Fig. 21(a) -CA3072 - terminal No. 3 or 4, chroma input Fig. 21(b)- CA3072 - terminal No. 6 or 7, reference
signal, 220 mVjp.5,0ne horizontal line subcarrier 1.2V, ,, one horizontal line

Fig. 21(c) - CA3072 terminal No. 13, 4.8 vp-p B-Y output
one horizontal line

Fig. 21(d) - CA3072 - terminal No. 11, 5.2 vp.p R-Y output, Fig. 21(e) - CA3072 - terminal No. 9, 1.2 vp.p G-Y output,
one horizontal line one horizontal line
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LINEAR INTEGRATED CIRCUITS

CA3075

FM IF Amplifier- Limiter,
Detector, and Audio Preamplifier

For FM IF Amplifier Applications Up To 20 MHz In
Communications Receivers And High-Fidelity Receivers

Features:

©® Good sensitivity: Input limiting voltage (knee) = 250 1.V typ. at 10.7 MHz
o Excellent AM rejection: 55dB typ. at 10.7 MHz

o Internal Zener diode regulation for the IF amplifier section

o Low harmonic distortion

o Differential peak detection: Permits simplified single-coil tuning

@ Audio preamplifier voltage gain: 21dB typ.

o Minimum number of external parts required

RCA CA3075 is an integrated circuit which provides,
in a single monolithic chip, an FM IF subsystem for
Communications and High-Fidelity Receivers This de-
vice, shown in the schematic diagram (Fig. 2), con-
sists of a multistage IF amplifier-limiter section with
a Zener regulated power supply, an FM detector stage,
and an AF preamplifier section. A typical application
of the CA3075, in FM receiver circuits, is shown in the
block diagram (Fig. 1).

The three-stage, emitter-follower-coupled IF amplifier
section provides a 60-dB typ. voltage gain at an operat-
ing frequency of 10.7MHz and features, because of its
‘transistor constant-current sink, an output stage with
exceptionally good limiting characteristics.

The FM detector section, which utilizes a differential-
peak-detection circuit, requires only a single coil in the
associated outboard detector circuit; hence, tuning the
detector circuit is a simple procedure.

The audio preamplifier circuit provides a 21-dB voltage
gain with low impedance output for driving subsequent
audio amplifier stages.

The CA3075 utilizes a 14-lead dual-in-line plastic pack-
age with leads in a special quad-formed arrangement.

UMIVERTER
S00ONTON

7€ or
souvacent [

AC VTVM
BALLANTINE
e

* EQUIVALENT
P SIGNAL
GENERATOR
..;r":ﬂﬂ' |DISTORTION

ANALYZER

MEWLETT
[PACKARD

3308 OR
(eoumvacen |

AL WILLER 4505 OR EQUIVALENT
“RE 3340 OR SUCH VALUE TO

ADJUST 0 OF COIL TO 3§ onn

DS

Fig. 2 - Test Circuit for input limiting voltage, recovered
AF voltage, and total h ic distortion
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GULATOR
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404048 AuPLIPIER L
ruTunen [—of 1078 Lol pien o] 107 - g

LInTER

|
SRR

“nn l 100p#

FILTER LiuiTer: FILTER

*RECOMMENDED IC APLIFIER-LIMITER
15 THE RCA CAJO11, CAJ012, OR CAO76.

Fig. 1-Block diagram of typical FM receiver utilizing the CA3075

MAXIMUM RATINGS, Absolute-Maximum Values ot T4 = 25°C

DC Supply Voltage [between Terminals 5 (V*) and 3 (V_)] 12,5 v
DC Current (into Terminal 5) . . v v cvv vt vvneeoenns 30 mA
Device Dissipation:

UPto Tp =500C.cenuenenenneneennnnnennns 760 mW

Above Ty =50°C.....ceeuvunueneenenness. derate linearly 7.6 mW/OC
Ambient Temperature Range:

Operating « o v e o v e v vt ncsesvensscsocannnas
StorBge . « « e v st ettt vttt een e

—55t0+ 125 °c
-65to +150 °C

Lead Temperature (During soldering for 10 s max.). . ... +265 °c
. ® ® vt
SR3 Ri3
Sk 5.7k s 3hee
Q7
0 25
\ .Sk D3
Q
8 Res
10k
Rio
6k{}/99
Ry
1.3k
Rig Ry ) Raq
4.75KkS 4’;3 27
ao s
Ry Q15
sy R2p
6k Qe 3k
u 026
Cii gR23
!OI 3k
Os
02
Rs R'G
6k3 5k Q4

Q7 Rg Q12

ALL RESISTANCE VALUES ARE IN OHMS
ALL CAPACITANCE VALUES ARE IN pF

RigSR20
10kS 150

92CL-16004

Fig.3 — Schematic diagram of CA3075
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LINEAR INTEGRATED CIRCUITS

CA3075

ELECTRICAL CHARACTERISTICS ot T, = 25°C

LIMITS TEST

FM: Deviation = +75kHz
AM: Modulation = 30%

CHARACTERISTIC SYMBOL TEST CONDITIONS UNITS | CIRCUIT
wn, [ Tve. |uax. FIG. NO.
Static Characteristics
DC Voltage:
At Terminal 7 v; - 61| - v
At Terminal 8 vg o |vrenav - {54 -] v §
At Terminal 12 iy - szl -] v
DC Current (into Terminal 5):
AtV*=85V 8. 5] - mA
AtV* =112V 5 - jus| -] m 6
AtV* =125V - Bl mA
Dynamic Characteristics ot V¥ = 11.2 GENERATOR BT
MEWLETT.
PACKARD EQUIVALENT
IF AMPLIFIER fp = 10.7MHz o e
lnput Limiting Voltage Vi(lim) | f(Modulation) = 400 Hz - 250 | 600 | unv 3
(knee, - gpoint) Deviqlim =175kHz DiSTORTI
fo = 10.7MHz ?:‘.‘?5?
AM Rejection MR f(Modulation) = 400 Hz _ 551 - dB 5 EQUIVALENT

Input Impedance Components:

7.SET 4+ 10.74Hs, V) » 100mV.
H(MODULATION) = 400Hs WITH 10% NODULATION
8. TUNE WAVE ANALYZER FOR PEAK READING AT 400Hs
9. RECORD AN Vo (AF)
Fuvg(ar)
Au REJECTION - B L0010 L

Fig.5 — Test circuit for AM rejection

Paralle! Resistance Ry fg = 10.7MHz -] A5 - kQ _
Parallel Capacitance C Vin = 10mV RMS - 45 - pF
DETECTOR
Recovered AF Voltage (at fo = 10.7MHz
Teminal 12) Vo(AF) | f(Modulation) = 400 Hz - 5] - v 3
Total Harmonic Distortion THD Deviation = + 75kHz - 1 2 %
AUDIO PREAMPLIFIER
Voltage Gain A(AF) | Viy=100mV, fg=400Hz | - 1] - a8 4
Total Harmonic Distortion THD Vout = 2V,fo = 400Hz - 15 5 % 4
Ly —
AN
GENERATOR
MEASUREMENT
OR EQUIVALENT
FREQUENCY
COUNTER
9! AVE
ANALYZER
i
Ve T
PACKARD
EQUIVALENT TEST PROCEDURE
1. CONNECT Fit GENERATOR, 'l!MnCV COUNTER, AND
* UNIVERTER TO INPUT OF CA307!
Fa SIGNAL * ?f&ﬂfv’&i vn;uruuvnmo» =I5k
GENERATOR 3. TUNE WAVE ANALYZER FOR PEAK READING AT 400Hs
HEWLETT- 4. RECORD Fu Vo (AF) .
;ﬂ;ﬂ: |OL| MILLER 4505 OR EQUIVALENT 1000F 6060 5 DISCONNECT Fit GENERATOR
Lequivatent f*R ¥ 3340 08 Suck huLue 1o l i 5. CONNECT A4 GENERATOR TO INPUT OF CANYS

DISTORTION:
1. SET AUDIO GENERATOR FOR Vg = 2V RuS
2. READ DISTORTION IN %

1. SET AUDIO GENERATOR FOR V; = 100mV RUS
2.READ Vo
3. GAIN = 20 L0G)g VoV

9255-4%7

Fig.4 — Test circuit for audio preamplifier voitage gain
and total harmonic distortion

Fig. 6- Test circuit for static characteristics
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LINEAR INTEGRATED CIRCUITS

CA3076
High-Gain Wide-Band
IF Amplifier-Limiter

For FM IF Amplifier Applications
in Communications Receivers

RCA CA3076, monolithic integrated circuit, is a high-
gain wide-band amplifier-limiter for use in the IF sec-
tions of Communications and High-Fidelity FM Receivers.
The CA3076, shown in the schematic diagram (Fig. 2),
consists of a four stage IF amplifier-limiter section
with a voltage regulator section. A typical application
of the CA3076 in FM receiver circuits is shown in the
block diagram (Fig. 1).

The four-stage emitter-follower-coupled IF amplifier
section provides an 80-dB voltage gain with a 2-kilohm
load at a frequency of 10.7MHz. The output stage has
exceptionally good limiting characteristics because of
its transistor constant-current sink. The voltage re-
gulator section provides zener-regulated, decoupled volt-
ages for the IF amplifier.

The CA3076 utilizes an hermetically-sealed 8-lead TO-5
package.

MAXIMUM RATINGS, Absolute Maximum-Valves at Ty = 25°C
DC Supply Voltage [between Terminals 7(V" and 3(V")]

DC Current (into Terminal 7).

Device Dissipation:

UPtoTA =50°C o iuvvninnnnneennnnnnnns
Above T =50%C. .0 ieunernnnennnnnenans

Ambient Temperature Range:
Operating « e e oo oveeesses
StOra8ge o v s v e ee s s srnencnansos

Lead Temperature (During Soldering):

At distance 1/32 in (3.17 mm) from seating plane

ces e

for 108 MAXe ¢« c v v oo oo oooecsconoceconans

ELECTRICAL CHARACTERISTICS at Ty = 25°C

:-Jt.olyr
Ry =
Y‘ [} 10.7 4K 1 :Skl.r:‘im".
.7 MHz 0.7 MH: MITER,
TUNER [ 7] FILTER FiLTER [ | oETECTORS oo
PREAMPLIFIER| AUDIO
“R), R2 SELECTED FOR PROPER FILTER MATCHING
“RECOMMENDED IC IF AMPLIFIER-LIMITER,
DETECTOR, PREAMPLIFIER IS THE RCA CA307S
01 F:
= = = = =
Fig. 1-Block diagrom of typical FM receiver utilizing the CA3076.
Features:
. exceptlonaliy good sensitivity: input limiting voltage (knee) = 50 ..V
typ. at 10.7 MHz
e high gain: 80 dB with 2-kilohm load
e internal voltage supply regulator
e wide frequency capability: > 20MHz
15 v g
3 ma oy
608C OR
EQUIVALENT
500 mW ; REFERENCE INPUT
mv Yo VOLTMETER
derate linearly 5 mW/°C T asv A | newierT.
PACKARD
84054 OR
&: Y::'UATOR EQUIVALENT
-55to +125 °c xar 00
-65t0 +150 °C ERVALENT
+ 265 °c

AT
TEST LIMITS
CHARACTERISTIC SYMBOL | CONDITIONS l 1 UNITS Fig. 2- Forward transfer admittance (Y21)
MIN. [TYP. | MAX. test circuit
Static Characteristics — V¥ = 8.5V
DC Current (into Term. 7) ] - 0] 15| 4 mA
Quiescent Operating Current - - o
(into Term, 4) 4 0.65 mA
Dynamic Characteristics —~ V¥ = 8.5V, fg = 10.7MHzx
Input Limiting Voltage (knee, : _ _ i
348 point} Vi (lim.) 50 | 200 nv
Output Voltage Vo Vi=20uV 41 12 - mV
Output Noise Voltage VN Vi=0 - 1| - mv
Forward Transfer Admittance:
Magnitude [Ya| [vi-= - | s -] mho
Phase 09 0uv - 80| - | degrees
Reverse Transfer Admittance:
Magnitude |Yre| _ - 01| - | umho
Phase 612 - |-90] - | degrees
Input-impedance Components:
Parallel Resistance R _ - 115 - kQ
Parallel Capacitance G - 4 - pF
Output-impedance Components:
Parallel Resist.mce Ry _ 50| - - kQ Fig. 3-Test circuit for DC current (Terminal 7)
Parallel Capacitance Co - ] - pF and operating current (Terminal 4).
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Notes:

Terminal No. § wi ted to the cose.

Terminals No. 3 and 6 which are connected to the substrote
should be connected to the most negative point in the circuit.
The resistonce values included on the schematic diogrom
have been supplied as a convenience to assist Equipment
Monufacturer's in optimizing the selection of “‘outboard’’
components of equipment designs. The volues shown may
vary os much as £ 30%.

RCA reserves the right to moke ony chonges in the Resist-
once Volues provided such changes do not odversely offect -
the published performance characteristics of the device.

CASE

©© o

ATTENUATOR
(6048 OR 0 ¢8)

RF GENERATOR
(10.7 WH2)
HEWLETT-
PACKARD

608C OR
EQUIVALENT

TEST PROCEDURE
OUTPUT YOLTAGE:

KAY 30-0
43¢ OR
EQUIVALENT

I

1. SET ATTENUATOR TO 048
2. SET RF GENERATOR TO 204V CW

3. READ Vo IN mv

OUTPUT NOISE VOLTAGE:
1. SET ATTENUATOR TO 6048

2. READ Vg IN mV

a3
Ro4 sk
—AN\
10K

4‘ SUBSTRATE ?©

9258 -4568

Fig. 4 -Schematic diagrem of CA3076.

I 01 uF

CERAMIC
FILTER

MURATA
CFP 10.7 WA

EQUIVALENT

EOVWF  yuRATA FILTER
TYPICAL VALUES

Rin = Royr = 3300

i

3

BOON'
910 OR
EQUIVALENT

RF VTVM INSERTION LOSS = 648 TYP.

TON BANDWIDTH (AT -3dB) = 240 kHz

92854571

Fig. 5-10.7 MHz voltage gain and noise test circuit

LINEAR INTEGRATED CIRCUITS
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LINEAR INTEGRATED CIRCUITS

CA3078, CA3078A Types

Amplifier

The RCA CA3078T and CA3078AT are high-gain
monolithic operational amplifiers which can deliver milli-
amperes of current yet only consume microwatts of standby
power. Their operating points are externally adjustable and
frequency compensation may be accomplished with one
external capacitor. The CA3078T and CA3078AT provide
the designer with the opportunity to tailor the frequency
response and improve the slew rate without sacrificing
power. Operation with a single 1,5-volt battery is a practical
reality with these devices.

The CA3078AT is a premium device having a supply voltage

_range of V¥ = 0,76V to V* = 15V and an operating
temperature range of -55°C to +125°C. The CA3078T has
the same lower supply voltage limit but the upper limit is V*
~ +6V and V~=-6V. The operating temperature range is from
0°C to +70°C,

ELECTRICAL CHARACTERISTICS

The CA3078 and CA3078A are supplied in either the
standard 8lead TO-5 package (T suffix), or in the
8-lead dual-in-line formed-lead ""DIL-CAN" package ("S"
suffix).

Features:
® Low standby power: as low as 700 nW

Applications:
@ Portable electronics

® Wide supply voltage range: £0.75 to +15 v " Medical electronics

® High peak output current: 6.5 mA min.

MAXIMUM RATINGS, Abso/ute Maximum Values at Ta" 25°C

DC Supply Voltage (between v* and V" terminal \
Differential Input Voltage , , ., ., .,
DC Input Voltage
Input Signal Current T,
Output Short-Circuit Duration®
Device Dissipation
Temperature Range:

Operating . . . .. ...

Storage . . . ... ...
Lead Temperature (During Soldering):

At distance 1/16 £1/32 in. (1.59 $0.79 mm)

fromcase for 10s max. « « v v v v v v v v e

*Short circuit may be applied to ground or to either supply.

® Instrumentation

® Adjustable quiescent current ® Telemetry
® Output short-circuit protection
CA3078AT CA3078T
N 38V 14V
e 8V v
Ces vtV vV
e 0.1 mA 0.1 mA

No Limitation | No Limitation

, 50 mW (up to 126°C) 500 mW (up to 70°C)
Ce -55 to +126°C 0to+70°C 4
.. -65 to +150°C 65 to +150°C
.. +300°C

+300°C

4 Types CA3078S and T can be operated over the temperature range of -55 to +125" C, although

For Equipment Design the put%lished limits for certain electrical specifications apply only over the temperature range of
0to70" C.
TEST .___CA3078T LIMITS CA3078AT LIMITS
CHARACTERISTICS  [SYMBOLS CONDITIONS | Rgey= 1 M{lig =100 uA RSt =51 MQ1g=20kA |
v Tpo=0to Ta=86tw0 | N
& | Rg [RL | Tp=25% 70°C Ty = 25°C 125°C T
v | K [KS2 [MIN]TYP [MAX [MIN | MAX | MIN | TYP [MAX|MIN [MAX | s
Input Offset Voltage Vio ﬂ <10 - 1.3] 45| - 5] - |070 | 35| - 45| mv
Tnput Offset Current o = 6| 32| - 40| - |050 | 25| — 50[ nA
Input Bias Current I - - - 60| 170 - 200 - 7 12 - 50| nA
Open-Loop Diff. Voltage Gain AoL - 210 | 88 92| - 86 — 92 100 - 90 — dB
Total Quiescent Current [ - 100 130 - 1850 - 20 25 - 45] uA
Device Dissipation P5 - — | 1200[ 1560 - [ 1800] - | 240 | 300 — 540 | uW
Maximum Output Voltage Vom 6 210 [#5.1] +5.3] - *5 — 51|53 - *5 — v
-5.5 -5 -55 -5
Common-Mode Input Voltage Vicr <10 - to - to - - to - to - '
Range +5.8 +5 +5.8 +5
Common-Mode Rejection Ratio CMRR <10 80 110 - — - 80 | 115 — - - | dB
Maximum Output Current lom” o lom - 12f - [65] 30| - [ 12| - [ 65| 30| mA
Input Offset Voltage Sensitivity
- - 6 | 150 - -
Positive Avordv! . 22) 150 VIV
Negative Avo/dv: ‘} = 22| 150 | - - 6150 - -
Rget = 13MQ, Ig = 20 uA
Input Offset Voltage Vio T <10 - - - — - 14| 35 - 4.5 mV
Open-Loop Diff. Voltage Gan AL - 210 - - — 92| 100 - 88| — | d8
Total Quiescent Current q 15 - - — - 20| 30 - 50| MA
Device Dissipation o Z - - — | =600 750 - |13s0] MW
Maximum Output Voltage Vom .10 - - - - 13712141 +135] - |V
Common-Mode Rejection Ratio CMRR <10 B — — — — 1 8of 106 - — | = [d8
Input Bias Current g - - - - - - 7 14 - 55| nA
Input Offset Current o - - - - - - 1050 27 - 55] n
OPERATING CONSIDERATIONS Compensation can also be accomplished with a single
capacitor connected from terminal 1 to terminal 8, with
Compensation Techniques speed being sacrificed for simplicity. Table 1 gives an 1o wicw "
The CAJ07BAT and CA3O78T can be phasecompansated  rcouion Of slow fates that can be obtained wih LA cowensaron g7
with one or two external components depending upon the 100 uA 0 compensation (1)
closed-loop gain, power consumption, and speed desired. The HA v Rset
recommended compensation is a resistor in series with a Singie Supply Operation INPUT

capacitor connected from terminal 1 to terminal 8. Values of
the resistor and cabacitor required for compensation as a
function of closed loop gain are shown in Figs. 24 and 25.
These curves represent the compensation necessary at
quiescent currents of 20 uA and 100 pA, respectively, for a
transient response with 10% overshoot. Figs. 21 and 22 show
the slew rates that can be obtained with the two different
compensation techniques. Higher speeds can be achieved
with input compensation, but this increases noise output.
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The CA3078AT and CA3078T can operate from a single
supply with a minimum total supply voltage of 1.5 volts.
Figs. 27 and 28 show the CA3078AT or CA3078T in
inverting and non-inverting 20-dB amplifier configurations
utilizing a 1.5-volt type “AA" cell for a supply. The total
power consumption for either circuit is approximately 675
nanowatts. The output voltage swing in this configuration is
300 mV p-p with a 20 k2 load.

NOTE PIN 8 IS INDICATED BY THE CASE INDEX TAB
92¢5-17582R

Fig.1 — Functional diagram of the CA3078T
and CA3078AT.
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LINEAR INTEGRATED CIRCUITS

CA3078, CA3078A Types

to| |t
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INvERTING ST O3 oo
Q8
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os o7 Qe ”n::
v
4 ©®
@-—— coupiusmou——o@ 92¢s5-17881m
Fig.2-Schematic diagram of the CA3078T and CA3078AT.
Typical Values intended Only for Design Guidance at Ta = 26°C and V¥ =48V, V= =8V
CA3078AT CA3078T
TEST
CHARACTERISTICS | SYMBOLS | CONDITIONS| Rggy = 5.1 M| Rggy = 1MQ|Rger = 1MQ | UNITS
19=20 A 1g=100uA |1g =100 A
Input Offset Voltage Drift | AVjo/ATa|Rg <10 KQ 5 6 6 uvioc
Input Offset Current Drift] AV 0/ATA[Re <10 K2 63 70 70 pA/°C
-[Open-Toop Bandwidth- BWgoL | 3dB pt 03 2 Z kHZ
Shw Rllc:
Unity Gain SR Sec ans. 0027 0.04 0.104 Vs
Comparator 20, 21 0.5 1.5 5
10°, to 90",
Transient Response Rise Time 3 25 25
Input Resistance _ Ry 74 1.7 0.87 Y19}
Output Resistance Ro 1 0.8 08 K$2
"Equiv. Input Noise Voltage | ey (10H2)Rg = 0 40 - 25 nV/Hz
Equiv. Input Noise Current | 1\ (10Hz) [Rg - 1 MS2 025 - 1 pANHZ
ELECTRICAL CHARACT ERISTICS, at Tp = 26°C .
Typical Values Intended Only for Design Guidance
_TYPICAL VALUES _
CAJ028AT CA3078T
Ri * * - * =413V vt =075V
R iSTI vt =413y, v =+0.75v, vt =413V, 0 ,
c“‘,:::::‘ id | Vo=-1.3V V™ =-0.75V V=13V V~=-0.75V | UNITS
Rget = 2MS) Rget = 10M | Rgep=2MQ Rggt = 10MQ
1g= 10 LA Ig=14A 1g= 10 A Ig=1uA
Vig 0.7 0.9 1.3 1.5 mv
Tio .3 0054 T7 05 nA
LIT?) 3.7 045 9 1.3 nA
Ao 84 65 80 60 a8
T 10 T 10 T 1A
F‘D 26 1.5 26 15 uw
VQPP 14 0.3 14 0.3 v
-08 -0.2 -08 -0.2
v to to to to v
R 1 +0.5 +1.1 +05
CMRR 100 90 100 90 d
lom* 12 05 12 0.5 mA
Av|g/av? 20 60 20 50 uviy

SUPPLY VOLTS V+e+6,v=s—6
AMBIENT TEMPERATURE (T, )s28%
SOURCE RESISTANCE (Rg) € 10 KR
°
£y
[
¢
3
F
H
§ 3
w 24
13
¥ ] L
5 casorar
z 2 T
A3076AT
oe
9
2 4 s B 4 e 2 4 68
| 10/ 1000
TOTAL QUIESCENT MICROAMPERES (Iq)
92cs- 19632
Fig.3 - Input offset voltage vs. total quiescent current,
SUPPLY VOLTS V+e46, V=06 9
AMBIENT TEMPERATURE (T,)s28°C
3% T
g e S
. T A1 ek
g .9°
20 <
2 [}
”
s
. ”
A
- e
3 id
2
ol
.
.
2
L_00!
2 468 2 4680 2 468 2 o
' [ . 100 1000 *do00
TOTAL QUIESCENT MICROAMPERES (Iq)
92s-1963
Fig.4 — Input offset current vs. total quiescent current.
*I'suppLy voLTS v*er6,v-1-6
2FAMBIENT TEMPERATURE
(Tg)*25 °C
- 109  — - 2
= H T T 1117
- CA30787,
2 A
4 y A3078AT
§ 2
; 10, .
H
$
g . A |
H T
= P4 ;
; '
M
s
2 +
X I
. 3 )
' 10 100 1000 10000
TOTAL QUIESCENT MICROAMPERES (Iq)
92CS-19636
Fig.5 — Input bias current vs. total quiescent current.
AMBIENT TEMPERATURE (TA):25°C
3 [
] 2
i85 3
$3 3
- ©
z
3 i ize
w 108
g 108} LoAD (R )1 MQ
g o} K i
g 7242 k0 17
3% 134
g 16 13€
~ H.
Lol L o
1

10 100
TOTAL QUIESCENT MICROAMPERES (Ig)
92CS-19629

Fig.6 — Open-loop voltage gain vs. total quiescent current.

197




LINEAR INTEGRATED CIRCUITS

CA3078, CA3078A Types

TOTAL QUIESCENT MICROAMPERES (Iq) 92CS 19637

Fig.7 — Bias-setting resistance vs. total quiescent current.

80

@
o
S &
& g
w 60 200 &
oo
I° 1
3l ‘ s
85 *casotar - oo =
%( SUPPLY VOLTS =V* d
&2 | QUiESCENT curmeNT Er100uA H
S 291 LoAp RESISTANCE (R )9 » 900 %
z AGIENT TEMBERATURE 1a)+25°C w
I C,.BETWEEN TERMINALS 1 8 8 2
& oftm=LTER S R S
z
-20 . |
of 0 6102 15 10% 105 106

FREQUENCY (f)—Hz
920419594

Fig.10 — Open-loop voltage gain vs. frequency
for Ig = 100 YA — CA3078T.

SUPPLY VOLTS : vt =46,V

o

o

TNPUT —OFFSET MILLIVOLTS (V1o!

o

100 125

S EESea b
50  -25
AMBIENT TEMPERATURE(Tp) — °C

92C5-19628

Fig.13 — Input offset voltage vs. temperature.

SUPPLY VOLTS :V+=46,V== -6

3

]

3035

re
Q
3

/|
)
7
1
1
T

INPUT BIAS NANOAMPERES (Iyg) —CA30’
~
n
£
) A1 .
[ 3
INPUT BIAS NANOAMPERES (I7g)—CA3078T

T
3

75 50 -2 25 8 75 100 125
AMBIENT TEMPERATURE (Tp) —°C
92¢5-19623

Fig.15 — Input biss current vs. temperature.

198

TOTAL QUIESCENT MICROAMPERES (Iq)
92€5-19630

Fig.8 — Maximum output current vs, total quiescent current.

1000]  AMBIENT TEMPERATURE (To)=25 °C 73 100]  SUPPLY VOLTS V¥=46V==-6 TO V'se15,"=-I5V = g SR
o RsET CONNECTED BETWEEN TERMINAL 5 AND v S || AMBIENT TEMPERATURE(Ty)=25 °C [ I -
6, Loa 5 1t
2 AT T I YWY ‘3 T 3 'S[TTLOAD RESISTANCE (R 1250 Kii- S
| 100 : 51 | l ' T i
8 Vi s AT +H 3 2 | | FEToka st 1998 EO09T SONDY PN PR
T g supeLY vouTs Yeney Vs A L 8 11 I T 2 b r it jra susns
[ T *3 A0 , ’ .
e Lk LML X 1A a0 . $ e ;
-3 $ % = T
w ; pa' I 4D gl E 7 1 R S00-< 15
2 10 g1+ v 2 -1 T 5 6 T z 10 +
4 S —y = t 2 4L 3 ~—A\
5 a1 / v ; H [ ow sin
@, A 3 W A
& S pa o AD, g 2 + g 04
g I /] F 3 , : § e
=t g 7 T z e —— Z o5
u A - 6 2
o 4 T i 2 a
é O|z ; 4 ’é IBOSS S0t
H
23— SUPPLY VOLTS V* s 413,V
oon o S 25008 AMBIENT TEMPERATURE (Tg 1 < 2%
864 864 2 864 64 2 864 2 4 8 2 6 cl 4 6 100 4 [] o 05 [X) [E) 20
1000 100 10 | ol 00l 000 ! o looe TOTAL QUIESCENT MICROAMPERES (Ig)

92CS5-19627

Fig.9 — Output voltage swing vs. total quiescent current.

I i
H |
120 !
i
100 JroTAL QUIESCENT CURRENT(Iq)*20 A 0 o | o
4| AMBIENT TEMPERATURE (Ta)=25 °C N
| 80 N 4
o1 z Q ]
< '
3 \ ¢
10 o 1 &
£ h l
6 v s D b
. = g0 ‘ e
o H w
Vom &< 2
A S 20| CA3078AT z
] / SUPPLY VOLTS V*:6,V=s-6 N <
o] z
2 o QUIESCENT CURRENT (I )20 A ]
B 4 & ol LOAD RESISTANCE (R = <
| e ~ AMBIENT TEMPERATURE (T3)+25°C &
d 4 C|-BETWEEN TERMINALS |
3 -20 T I N BT BT I
5 p ol | 10 102 103 08  i05 _ 06
§§ 2 FREQUENCY (f)—Hz 9265-19593
2 S0l
2w, 0, . 3 +10 “ +100 Fig.12 — Open-loop voltage gain vs. frequency
~ g_o.' 5 oy -0 100 ] forlg =20 UA — CA3078AT.
§§ 3 suppLY voLTs (¥_) q
3. 0!
0 - O
52
w £ B!
® w W\
g \ g5 | suepLy vouts:v¥a 46, v g
\\ E
A\
i- = 3
o ~Vicr 1 b
) 1
e ]
» o]
g H
€ 8
w
-10 § s _IA A
3 '°HE | o
5 H
B o0k 5
& H 4
- stk i 5
92¢S-19635 'E‘ 05| 'E. 24
z
Fig.11 — Output and common-mode voltage vs. supply voltage. = H H S
NN BRSNS N 110 |
-5 - - 0 25 5% 75 100 25
AMBIENT TEMPERATURE (Tp) — *C
92CS-19628
Fig.14 — Input offset current vs. temperature.
1 T
SUPPLY VOLTS: V*¥= +6, V™= -6 [IT ! SUPPLY VOLTS:V* =+6,V~=-6 ".:
1
o I §
S
| | ]
] 4 o
105, -
< 3
z
& 100 40 200
w [ et
] =aun S
= ]
- 150 O
] H% 3
- mss
% [amen
00 W
3 2
: : g
g 3 Sis e 3
had 4
g e T 2
8 o e
-75 -50 - 25 5 75 100 12 -75 -50 -25 25 50 75 100 125
AMBIENT TEMPERATURE(Ty) —°C AMBIENT TEMPERATURE (Tp) — *C
92CS-19626

92CS-19624

Fig. 16 — Open-loop voltage gain vs. temperature.

Fig.17 — Total quiescent current vs. temperature.




LINEAR INTEGRATED CIRCUITS

CA3078, CA3078A Types

l.i,' SUPPLY VOLTAGE: V* s6V,V-+-6V L%‘ AN 1 ] SUPPLY VOLTAGE: V*=6V,V-=-6V
AMBIENT TEMPERATURE (Ta)*25°C T . \ I [ 1 AMBIENT TEMPERATURE (Ta)+25°C sl
: ] TN i SR EE
4 SUPPLY CURRENT 2 N - - " RESISTOR - CAPACIT
Z RENT (Ia)-20uA k] N H MPENSATION
[ e NN 3 -C| BETWEEN o
g 10OLA z N NG s | RMINALS 18 8 . EOMPCEINY&TION s
g H N [SSEPLY CURRENT (Iq)=100uA A N 7] IBETWEEN TERMINALS
o o 1 w F:

8 7 8 7y TTT S o075

g g 204A 3 . il Lt
. [ )\ g ;“ 05 32 © QUIESCENT CURRENT g+ 19014

2 . z © I LOAD IMPEDANCE: Ry = 10 K., Cy = 100 pF
- + FEEDBACK RESISTANCE (Rg) = 0.1 Mt

13 13 - OUTPUT VOLTAGE (Voppl = 10V

w w 025 Ry DETERMINED FOR TRANSIENT
- F3 ‘i Fl B RESPONSE WITH 10% OVERSHOOT

2 § R - < ON A 100 mV Ou"tél' SIGNAL
- 3 Y s 22 SERES SRAEA SSLLILLNLLLLLL

L) ool ) 0 20 30 40 50 60 70 90
- 0 0% P o o 10 €807 el Sy 0 CLOSED-LOOP NON-INVERTING VOLTAGE GAIN— dB

E NCY (1) 66 B 287 40 €0 70 80 9
FREQUENCY (f) —Hz 9205-20261 REQUENCY (f) —Hz 92C5-20260 CLOSED-LOOP INVERTING VOLTAGE GAIN— dB . o oo

B Fig.18 — Equivalent input noise voltage vs. frequency. Fig.19 — Equivalent input noise current vs. frequency. Fig.20 — Slew rate vs. closed-loop gain

for Ig = 100 UA — CA3078T.

. 06 vt

3%

3

T A

z % 70

z ) -Cj BETWEEN - [CAPACT

-~ s188) - JCOMPENSATION e
- w L) Vi~ 1 ](BETWEEN TERMINALS 18 8)

Ry nasas sananne s V.4 1 L f J_.L

= e SRS 99 <pe SUPPLY VOLTS: V* = 46,V =6 oy

= QUIESCENT CURRENT (ig) * 20 4A v

he 02 BEESE DHEY AMBIENT TEMPERATURE (Ta) = 25 C oy 'OuUT
a ] T LOAD IMPEDANCE: Ry = 10 K:2, CL = 100 pF C

T FEEDBAC! (Re)= 0.1 M vin

K
OUTPUT VOLTAGE (Vopel = 10V

po 100 k@ 10k
o] Ry DETERMINED FOR TRANSIENT
JOOS 4 RESPONSE WITH 10% OVERSHOOT
- ON A 100 mV OUTPUT SIGNAL
° : Ry nCy * 2% 1081 R |opTionaL
o 0 20 30 40 50 60 70 80  9C R2-C2 { COMP.
CLOSED-LOOP NON-INVERTING VOLTAGE GAIN-— dB
€ 70 80 90 .
O §Losen T 00p AVERTING VOLTAGE. GAIN-— dB 92cs-17556R! 9205- 1755481
92CS-19591
Fig.21 — Slew rate vs. closed-loop gain Fig.22 — Transient response and slew-rate, Fig.23 — Slew, rate, unity gain (non-inverting) test circuit.
for Ig =20 A — CA3078AT. unity gain (inverting) test circuit.
T T Table | - Unity-gain siew rate vs. compensation — CA3078T and QAWMT
P o
81 N\ -~ - t -
| FN cabaciion -, SUPPLY VOLTS: V* =6, V' = 6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT
5 COMPENSATION! e + i VOLTAGE of 100 mV
h (BETWEEN TERMINALS 18.8) | OUTPUT VOLTAGE (Vg) = 15V AMBIENT TEMPERATURE (T,) = 26°C
2 \! SUPPLY VOLTS V' - 6.V, § LOAD RESISTANCE (R ) = 10 kS2
S o QUIESCENT CURRENT (ig) = 100 A
S o TNE T o heroance arokin eyt 100r :
k3 6 1 — N\~ L . € = 100 p! N
S e e oo UNITY GAIN (INVERTING) Fig. 22 UNITY GAIN (NONANVERTING) Fig. 23
e Ry DETERMINED FOR TRANSIENT COMPENSATION N SLEW SLEW
R . .| RESPONSE WITH 10+ OVERSHOOT TECHNIQUE R1 c1 R2
g / \ 1 ::4‘ A :o Y OUTRUT siGNAL ' c2 RATE R1 c1 R2 c2 RATE
“afcapact TOR \ T .
3 o[camacTOR RESISTOR N CA3078T — 1o = 100 pA kQ oF k2 uF Vips kQ oF k2 WF Vis
1 o} (RI-C| BETWEEN .
§ | reumasien | Single Capacitor o | 70 | 0]oooss | o 1500 | oo o | oooes
a 2 N Resistor & Capacitor 35 350 had 0 004 5.3 500 Ll 0 0,024
- L
10 20 30 40 50 60 70 80 90 |__input — ad 0 0.25_| 0.306 0.67 hd Q 0.311 0.45 0.67
CLOSED-LOOP NONINVERTING VOLTAGE GAIN — dB CA3078AT — 1 = 20 A
06 191 297 40 S0 60 70 80 90 Single Capaci 0 300 [ 0 | 0.0095 0 800 oo 0 0.003
CLOSED-LOOP INVERTING VOLTAGE — dB 92C5-19595 Resistor & Capacitor 14 100 oo 0] 0027 34 125 3 0 0.02
©o
Fig.24 — Phase compensation capacitance |_lnput ] 0.644 0.156 0.29 > 0 0.77 04 04
vs. closed-loop gain — CA3078T.
T T T
. ! |
y 100 + : AAA
L R -t T SMa
L ab
S
g Rser30Ma
S 0o
e 8 NALS 18 8)" v.
g o L - Sioka 15V |
] ' CAPACITOR -RESISTOR — A “AR" CELLT-
5 COMPENSATION | uF L L8V
I (R) - C| BETWEEN [suppLy vOLTS: Vo= 6.V - & = aA" CELL T-
w N\TERMINALS | 8 8)| QUIESCENT CURRENT ig) « 20uA
a 10 T AMBIENT Tal=25C
8 1 s T LOAD IMPEDANCE: Ry = 10 K<2, Ci = 100 pF 1 s
© ' FEEDBACK (Rp) = 0.1 M2 5 .
' bt OUTPUT VOLTAGE (Vopp! = 100 mV. P
3 ! . Ry DETERMINED FOR TRANSIENT
x RESPONSE WITH 10% OVERSHOOT
[ ON A 100 mV OUTPUT SIGNAL R P4
| ' (Ryx € = 2% 108 ‘:"L
10 20 30 40 50 60 70 80 90
CLOSED-LOOP NONINVERTING VOLTAGE GAIN — dB
S T — -
06 a1 297 40 50 60 70 80 90
CLOSED-LOOP INVERTING VOLTAGE — dB 92519590 92CS- 1758502 92¢s-17557R2
Fig.25 — Phase compensation capacitance Fig.27 — Inverting 20-dB amplifier circuit. Fig.28 — Non-inverting 20-dB amplifier circuit.

vs. closed-loop gain — CA3078AT.

199




