LINEAR INTEGRATED CIRCUITS

CA3130, CA3130A, CA3130B Types
COS/MOS Operational Amplifiers PHASE COMPENGATIO TAD._srccme

OFFSET
With MOS/FET Input WO
Features: . o~ (6) outruT
RCA-CA3130T, CA3130S, CA3130AT, CA3130AS, CA © MOS/FET input stage providec:
' ’ g ’ . A very high Z; = 1.6 TQ (1.5 x 1012Q) typ.
3130BT, and CA3130BS are integrated-circuit operational verv I;?v.'l '= 50A (“ 1; V oper. 1_‘"’ NON-INV. (5) OFEsET
amplifiers that combine the advantages of both COS/MOS and v . 2 pA typ. 5V ope ? fon (@v- anp case
bipolar transistors on a monolithic chip. .c . PA typ. at op_etatlon
. input-voltage range includi 92¢5-24713
Gote-?roteqed p~c.han4ne4 MOS/FET (PMOS) trarfsnstors are negative supply rail; input terminals can \deal for Fig. 1—Functional diagram of the CA3130 Series.
used in the input circuit to provide very-high-input impedance, be swung 0.5 V below negative supply rail X MAXIMUM RATIN i
very-low-input current, and exceptional speed performance.The COS/MOS 9 9 ganve :)py rar smy.e-su‘pply GS, Absolute-Maximum Values
use of PMOS field-effect transistors in the input stage results in N output stage permlts.slgna swing applications DG (ilém-:s‘:qo\l;: :ﬁe V- TERM
common-mode input-voltage capability down to 0.5 volt below to either (or both) supply rails 0 ERMINALS) .......oovnenees BV
n ! " A oiLb = Low Vin: 2 mV max. (CA31308) DIFFERENTIAL-MODE INPUT VOLTAGE. ............... 8V
the negative-supply terminal, an important attribute in single- ° 10° g X I COMMON-MODE DC INPUT VOLTAGE ... Vv*to (VT-05V)
supply applications. ® Wide BW: 15 MHz typ. (unity-gain crossover) INPUT-TERMINAL CURRENT ... ....uueeeiennnnenn. 1mA
i . . ity-gain fol DEVICE DISSIPATION:
A complementary-symmetry MOS (COS/MOS) transistor pair, : H!g‘ SR: 10 V/ps ty(;: (: mzt(y) ga:l offower) WITHOUT HEAT SINK—
capable of swinging the output voltage io within millivolts of Hfﬁ' output current {Ig): mA typ. UPTOSB6%C ... ...ttt 630 mW
either supply-voitage terminal (at very high values of load ™ High Agy : .320,000 (110 dB) typ. . ABOVES5°C ................ Derate linearly 6.67 mW/°C
impedance), is employed as the output circuit. ® Compensation with single external capacitor WITH HEAT SINK—
L AT 125°C
The CA3130 Series circuits operate at supply voltages ranging Applications: BELOW 126°C . \nrease linoarly 8t 1674:1017;2
from 5 to 16 volts, or £2.5 to £8 volts when using split supplies. @ Ground-referenced single-supply amplifiers TEMPERATURE RANGE: ’
They can be phase compensated with asingle external capacitor, ® Fast sample-hold amplifiers gg::;lENG —56 to +1zs:g
and have terminals for adjustment of offset voltage for appli- ion ti - - =65 t0 +150
cations requirin offset-n]ull capability Termina!l'eprovi:i):ns " Long-duratl.on timers/monostables OUTPUT SHORT-CIRCUIT DURATION® .......... INDEFINITE
9 . N . 8 High-input-impedance comparators LEAD TEMPERATURE (DURING SOLDERING):
are also made to permit strobing of the output stage. (ideal interface with digital COS/MOS) AT DISTANCE 1/16 £ 1/32 INCH (1.59 +0.79 MM)
The CA3130 Series is supplied in either the standard 8-lead u High-inputi 0 ideband amplifi FROM CASE FOR 10 SECONDS MAX. .............. +265°C
TO-6-style package (T suffix) or in the 8-lead dual-in-line = Voltage foll ov:ers *Short circuit may be applied to ground or to either supply.
formed-ead TO-5-style package “DIL-CAN” (S suffix) and {e.g., follower for single-supply D/A converter) CIRCUIT DESCRIPTION
operates over the full military-temperature range of —65°C to Vol ! . . i X
+1259C, The CA3130B is intended for applications requiring = Voltage regulators Fig. 3 is a block diagram of the CA3130 Series COS/MOS
premium-grade specifications and with limits established for: (permits control of output voltage down to zero voits) Operational Amplifiers. The inp.ut terminals may be operated
input current, temperature coefficient of input-offset voltage, ~ ® Peak detectors down to 0.5 V below the negative supply rail, and the output
and gain over the range of —55°C to +1259C. The CA3130A u Single-supply full-wave precision rectifiers can. be swung very close to either supply rail in many appli-
offers superior input characteristics over those of the CA3130. m Photo-diode sensor amplifiers 0.“'0"5- Consequently, the CA3130 Series circuits are ideal for
_____ - ——————————— === O single-supply operation. Three Class A amplifier stages, having
. 7)vt the individual gain capability and current consumption sh
'CURRENT-SOURCE ption shown
BiAs CIRCUIT CURRENT SOURCE FOR Q6 AND o7 I[Jl LOAD" FOR Qil : in Fig. 3, provide the total gain of the CA3130. A biasing
? ? | HE ! | circuit provides two potentials for common use in the first and
‘:: d I I ::} | second stages. Term. 8 can be used both for phase com-
I I | | —l | pensation and to strobe the output stage into quiescence. When
a Q2 '—| | ! e | Term. 8 is tied to the negative supply rail (Term. 4) by
1 | mechanical or electrical means, the output potential at Term. 6
7 ] ‘F:j 1] —I | essentially rises to the positive supply-rail potential at Term. 7.
y ViYL 02 — | I = | This condition of essentially zero current drain in the output
| a4 : | Qs | stage under the strobed “OFF"’ condition can only be achieved
03 | | I | when the ohmic load resistance presented to the amplifier is
oe | | | very high (e.g., when the amplifier output is used to drive
RI | [N | COS/MOS digital circuits in comparator applications).
40k | | i | Input Stages—The circuit of the CA3130 is shown in Fig. 2.
R2 l | | It consists of a differential-input stage using PMOS field-effect
5 kQ _J | | | transistors (Q6, Q7) working into a mirror-pair of bipolar
—_—— I | I | transistors (Q9, Q10) functioning as load resistors together with
7___J | | | ————— resistors R3 through R6. The mirror-pair transistors also func-
. INPUT STAGE | | ss:Tcgéo | | B tion as a differential-to-single-ended converter to provide base
| I | | STAGE l drive to the second-stage bipolar transistor (Q11). Offset
| 03 06 o7 08 | | | | i ‘nulling, when desired, can be effected by connecting a
— I | | o |1 100,000-ohm potentiometer across Terms. 1 and 5 and the
INPUT l | potentiometer slider arm to Term. 4. Cascode-connected PMOS
= mmtl | nf X
i EEms———m—— v
| | | R
INV-INPUT ! . |'_| Mo | : : ! | ourpur 200 uA 8 ma* : @
*
®— | B I oma® |
' S I | [
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o I | | =
I ‘ | [ | e
L____ 1 R R g ] _1 o t ————— -
STROBE
@5 e a1 1oN (gb-—smosmc v ®©
OFFSET (WHEN REQUIRED)
NOTE: 3 - . NULL
DIODES DS THROUGH D8 PROVIDE GATE-OXIDE PROTECTION TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) 15 V
FOR MOS/FET INPUT STAGE. *WITH INPUT TERMINALS BIASED SO THAT TERM.6 POTENTIAL
920L~24714 IS +7.5V ABOVE TERM. 4.
Fig. 2—Schematic diagram of the CA3130 Series. #WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL.

92C5-24715
Fig. 3—Block diagram of the CA3130 Series.

280




e TR R T T .

- CA3128Q Preliminary Data

TV Chroma Processor for PAL Systems

The RCA-CA3128Q is a monolithic silicon integrated circuit
designed primarily for PAL chroma processing applications in
color TV receivers. For a circuit description of the CA3128Q
and an explanation of this device in PAL systems, refer to “’A
New Chroma Processing IC Using Sample -and-Hold Techniques”
by L. A. Harwood (ST6144).

MAXIMUM RATINGS, Absolute-Maximum Valuesat Ty = 25°C

DC SUPPLY VOLTAGE (Between Terms. 12and 5). . ...............o..ooooo 13.2 Vv
DC VOLTAGE (Term. 9):

Positive Value ......... ... . +3 v

Negative Value .......... ... .. .o -5 v
DEVICE DISSIPATION:

UPO TA=B5"C oo 750 mw

Above TA=55C ... derate linearly at 7.9 mW/°C
AMBIENT TEMPERATURE RANGE:

OPerating . ... —40 to +85 °c

StOrage ... ... —65 to +150 °c
LEAD TEMPERATURE (DURING SOLDERING):

At a distance not less than 1/32" (0.79 mm) from case for 10 seconds max. .................... +265 °c
TYPICAL STATIC CHARACTERISTICS at Ta=25°C:
DC Supply Current MWith Vao=112Vde ... 25 mA
TYPICAL DYNAMIC CHARACTERISTICS at Ta = 25°C with a Burst-to-Chroma Ratio of 46.5%:
100% Chroma Output Voltage at \7 (pp) = 0.5V 3.5 Vp-p
Oscillator-Level OUtpUt VOltage ... .........................cco. i i 1 Vp-p
Killer Threshold Input Voltage ................. ... ... .. ... ... ... . . . . . . ... 0.018 Vp-p
Pull-in Frequency ......... .o . i 500 Hz
PAL Identification Output Voltage . ........................ ..o 0 1 Vp-p
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LINEAR INTEGRATED CIRCUITS

Features:
® Phase-locked subcarrier regeneration
utilizes d-hold techni i

the automatic frequency phase ::ontrol
(AFPC) servo loop
® Automatic chrominance control (ACC)/
killer detector employs sample-and-hold
techniques
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Fig. 1 — Block diagram of CA3128Q TV Chroma Processor.
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LINEAR INTEGRATED CIRCUITS

transistors Q2, Q4 are the constant-current source for the input
stage. The biasing circuit for the constant-current source is
subsequently described. The small diodes D5 through D8 provide
gate-oxide protection against high-voltage transients, e.g.
including static electricity during handling for Q6 and Q7.

Second Stage—Most of the voltage gain in the CA3130 is
provided by the second amplifier stage, consisting of bipolar
transistor Q11 and its cascode-connected load resistance pro-
vided by PMOS transistors Q3 and Q5. The source of bias
potentials for these PMOS transistors is subsequently described.
Miller-Effect compensation (roll-off) is accomplished by simply
connecting a small capacitor between Terms. 1 and 8. A 47-
picofarad capacitor provides sufficient compensation for stable
unity-gain operation in most applications.
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Fig. 4—Open-loop voltage gain and phase shift vs. frequency
for various values of C;, Cc, and Ry .

ELECTRICAL CHARACTERISTICS — For Equipment Design

CA3130, CA3130A, CA3130B Types

Bias-Source Circuit—At total supply voltages, somewhat above
8.3 volts, resistor R2 and zener diode Z1 serve to establish a
voltage of 8.3 volts across the series-connected circuit, con-
sisting of resistor R1, diodes D1 through D4, and PMOS
transistor Q1. A tap at the junction of resistor R1 and diode D4
provides a gate-bias potential of about 4.5 volts for PMOS
transistors Q4 and Q5 with respect to Term. 7. A potential of
about 2.2 volts is developed across diode-connected PMOS
transistor Q1 with respect to Term. 7 to provide gate bias for
PMOS transistors Q2 and Q3. It should be noted that Q1 is
“mirror-connected”! to both Q2 and Q3. Since transistors Q2
and Q3 are twice the size of Q1, the approximate 100-micro-
ampere current in Q1 establishes 200-microampere “mirrored”
currents in Q2 and Q3 as constant-current sources for the first
and second amplifier stages, respectively.

At total supply voltages somewhat less than 8.3 volts, zener
diode Z1 becomes non-conductive and the potential, developed
across series-connected R1, D1-D4, and Q1, varies directly with
variations in supply voltage. Consequently, the gate bias for
Q4, Q5 and Q2, Q3 varies in accordance with supply-voltage
variations. This variation results in deterioration of the power-
supply-rejection ratio (PSRR) at total supply voltages below
8.3 volts. Operation at total supply voltages below about 4.5
volts results in seriously degraded performance.

Output Stage—The output stage consists of a drain-loaded
inverting amplifier using COS/MOS transistors operating in the
Class A mode. When operating into very high resistance loads,
the output can be swung within millivolts of either
supply rail. Because the output stage is a drain-loaded ampli-
fier, its gain is dependent upon the load impedance. The
transfer characteristics of the output stage for a load returned
to the negative supply rail are shown in Fig. 6. Typical op-amp

loads are readily driven by the output stage. Because large-
signal excursions are non-linear, requiring feedback for good
waveform reproduction, transient delays may be encountered.
As a voltage follower, the amplifier can achieve 0.01 per cent
accuracy levels, including the negative supply rail.
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Fig. 5—-Open-loop gain vs. temperature.

TFor general information on the characteristics of COS/MOS
transistor pairs in linear-circuit applications, see File No. 619,
data bulletin on CA3600E ““COS/MOS Transistor Array.”

TEST
CONDITIONS
vt=15V
cHARACTERISTIC | symsoL | Y 0V CA31308 CA3130A CA3130 units | 116
TA=25°C : NO.
(Unless
Specified
Otherwise) | Min. | Typ. Max. [Min. Typ. |Max.]Min. | Typ. |Max.
Input Offset Voltage |VIO| vi=t75V - 0.8 21 - 2 5| - 8 15| mv -
Input Offset Current | [ijg] | V¥=t75V - |osf1w0]- o5 |20]- o5 |[30] pA | -
Input Current 1 =475V - 5 2 | - "5 30 - 5 50 pA -
Large-Signal Voltage| ApgL | VO=10Vpp | 100k|320k| — |50k [320k| — |50k |320k| — | V/V 5
Gain Ri=2k2  [100 110 | — Jea |10 [ —[e4 [0 | -] e& |
Common-Mode
Rejection Ratio CMRR 86 [100 | — |s0o | 90 —]70 | 90 -1 e | -
Common-Mode -05 -0.5 -0.5
Input-Voltage Vicr 0 to 101}0 to 10 |0 to 10 \ -
Range 12 12 12
Power-Supply AV|0/AV+ " — 32 (100} — 32 150 | — 32 |320
Rejection Ratio V=275V BVIV | -
) o |av o/av= — | 32 [1w00] - [32 Jiso] — |32 |320
Vom't 12 [133 | - |12 |133 | - |12 |133 | - 9
RL=2 k2 -
) Vom™ — [oo002[o.01] - [o.002]o.01] - |o0.002f0.01 10
Maximum Output T 2 vV
Voltage IVom™] Ry o 14.99( 15 — |14.99] 15 — |1a.99] 15 - _9___
Vom 1| — o Jooi|- |0 Joo1i]- [0 [oo1 10
Maximum Output
Current:
Source iom* |vo=oVv 12 |22 |45 |12 |22 |45 |12 |22 |45 A L2
m 4
Sink lom~ |Vo=15V 12 |20 |45 [12 [20 [45 |12 [20 |45 10
Vo=75V ~ |1 |- |10 [15]- |10 |15
+ Ry=
Supply Current | mA |78
‘ Vo0V - 12 3 |- 2 3]l- |2 |3
Ry ==
Input Current I — Fig. 15 | - Fig. -1- Fig. - nA -
Tp=—55 1 1 1"
Input Offset Volt- to 125°C
age Temperature | AV|o/AT |vi=t75v® | - [ 5 |15 |- f10 | —}- |10 | — fuveC| -
Drift Vo=10Vpp*
Large-Signal Voltage Ru=2k2 " [sok [azok| - |- [320k] - [ J32ok| - fvv [
Gain Aol “Fa T =< [0 ] =|- [10]-]ae

* Appliesonly to A, .

4 Appliesonly to Iy and A V o/ AT.
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Fig. 6—Voltage transfer characteristics of COS/MOS output stage.
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Fig. 7—Quiescent supply current vs. supply voltage.
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LINEAR INTEGRATED CIRCUITS

CA3130, CA3130A, CA3130B Types
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Fig. 8—Quiescent supply current vs. supply voltage

at several temperatures.
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Fig. 9—Voltage across PMOS output transistor (Q8) vs. load current.

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

2,

bl

NEGATIVE SUPPLY VOLTAGE (V7)=0V
g AMBIENT TEMPERATURE (Ta)=25°C
<
5
; 7
= M n V4
£7 yid
. 4
Bs 1, £A
o H
ge s
S PVl
5 — AT
g o1y 2
H i
E.— 9)4? A/
&, %
4 ool A
g
g
§ 7
1]
0.001 001 [X} ] 10 00
MAGNITUDE OF LOAD CURRENT (I )— mA
92CS-24722

Fig. 10—Voltage across NMOS output transistor (Q12) vs. load current.

HANDLING AND OPERATING CONSIDERATIONS
Handling Considerations
The CA3130 uses MOS field-effect transistors in the input

o LE;T circuit. Because MOS/FET's have extremely high input resist-
_%QMS__ ances, they are susceptible to damage when exposed to
V—-+77.55‘\// . FG extremely high static electrical charges. To minimize the
CHARACTERISTIC SYMBOL T _;5‘% . CA3130B | CA3130A | CA3130 [ UNITS | | > possibilities of damaging the input stage transistors, Q6 and Q7,
A= . the CA3130 utilizes a protective diode network in the input
‘U"!e_” stage. Nevertheless, it is good practice that the following
Speclfn.ed precautions be observed during handling, testing, and actual
- Otherwise) operation of the CA3130 devices to minimize exposure to
Input Offset Voltage 10 k2 across damage-inducing hazards:
Adjustment Range Terms.4 and 5 +22 +22 +22 mV - 1. Soldering-iron tips, metal parts of fixtures, tools, and
or4and1 handling facilities should be grounded.
Input Resistance R 15 15 15 TQ _ 2. Devices should not be inserted into or removed from
- ! circuits with the power ON because transient voltages may
Input Capacitance C f=1MHz 4.3 4.3 43 pF - cause damage.
Equivalent Input Noise en BW=0.2 MHz 23 23 23 uv 14 3. Signals should not be applied to the input (Terms. 2 and 3)
Rg=1MQ* when the device power supply is OFF. Input-terminal
n - currents should not exceed 1 mA.
U"::EG:;:::W”OV“ T Cc=0 "’ 5 s MHz | 4,15 4. After CA3130 devices have been mounted on circuit boards,
quency Cc =47pF 4 4 4 proper handling precautions should still be observed if the
Slew Rate: input terminals are unterminated. It is good practice during
Open Loop Cc=0 30 30 30 =~ board-processing operations to return Terms. 2 and 3 to
Closed Loop SR CoTB67F o o o V/us T Term. 4 by jumping the appropriate conductors.
- C Offset Nulling
Transient Response: Cc=56pF
Rise Time t Cy = 25 pF 0.09 0.09 0.09 us 15 Offset-voltage nulling is usually accomplished with a 100,000-
Overhoot RL =2 k0 0 0 10 % 5 ohm potentiometer connected across Terms. 1 and 5 and with
vershoo! (\;-'_' _ the p iometer slider arm connected to Term. 4. A fine
Settling Time (4 Vp-p Input . 1':; age” 12 12 12 us 15 offset-null adjustment usually can be effected with the slider
0 <0.1%) oflowe i arm positioned in the mid-point of the potentiometer’s total
. Aithough a 1-MQ source is used for this test, the equivalent input noise remains constant for sources of Rg up to 10 MQ. range.
Input-Current V. with Temp
TEST The input current of the CA3130 Series circuits is typically
CONDITIONS 5 pA at 25°C. The major portion of this input current is due to
—‘71:?\/—- leakage current through the gate-protective diodes in the input
V-=0V FIG circuit. As with any semiconductor-junction device, including
CHARACTERISTIC SYMBOL T4 = 259C CA3130B |CA3130A |CA3130 UNITS N 0. op amps with a junction-FET input stage, the leakage current
(AUnless : approximately doubles for every 10°C increase in temperature.
Specified Fig. 11 provides data on the typical variation of input bias
O:I:.v:iess) current as a function of temperature in the CA3130.
' ' _ 4000 [y+.7sv
Input Offset Voltage Vio 1 2 8 mv 2lv-s-785V 7
Input Offset Current ho 0.1 0.1 0.1 pA - 1000
- A
Input Current I 2 2 2 pA - ? /
Common-Mode Rejection Ratio CMRR 100 90 80 dB - o2 /|
Large-Signal Vo=4Vpp 100 k 100 k 100 k VIV - _;' 100, /
Voltage Gain AoL RL=5k§ 100 100 100 dB - § ‘ //
Common-Mode Lot
Input Voltage Range VICR 0to0 2.8 0to28 | 0to28 \" - g 10,
Su cu W+ Vo=5V,R =0 300 300 300 A 78 . =
t , .
Pply Current Vo-25V,R== | 500 500 500 # 2
- |
Power Supply + 2 200 200 V/V — -80 -60 -40 -20 O 20 40 60 80 100 120 I40
Rejection Ratio AVip/av 00 VI AMBIENT TEMPERATURE (T) —°C  92cs-24723
Fig. 11—Input current vs. ambient temperature.
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LINEAR INTEGRATED CIRCUITS

CA3130, CA3130A, CA3130B Types

In applications requiring the lowest practical input current and
incremental increases in current because of “‘warm-up” effects,
it is suggested that an appropriate heat sink be used with the
CA3130. In addition, when “sinking’’ or “sourcing" significant
output current the chip temperature increases, causing an
increase in the input current. In such cases, heat-sinking can
also very markedly reduce and stabilize input current variations.
Input-Offset-Voltage (Vo) Variation with DC Bias vs. Device
Operating Life
It is well k that the ch istics of a MOS/FET device
can change slightly when a dc gate-source bias potential is
applied to the device for extended time periods. The magnitude
of the change is increased at high temperatures. Users of the
CA3130 should be alert to the possible impacts of this effect if
the application of the device involves extended operation at
high temperatures with a significant differential dc bias
voltage applied across Terms. 2 and 3. Fig. 12 shows typical
data pertinent to shifts in offset voltage encountered with
CA3130 devnces during life testing. The two-volt dc differential
diti when the amplifier
output stage is “towed e.g., as in comparator applications.

AMBIENT TEMPERATURE (Ty)=125°C

Single-supply operation: Initially, let it be assumed that the
value of Ry is very high (or disconnected), and that the input-
terminal bias (Terms. 2 and 3) is such that the output
terminal (No. 6) voltage is at V*/2, i.e., the voltage-drops
across Q8 and Q12 are of equal magnitude. Fig. 7 shows
typical quiescent supply-current vs. supply-voltage for the
CA3130 operated under these conditions. Since the olUtput
stage is operating as a Class A amplifier, the supply-current
will remain constant under dynamic operating conditions as
long as the transistors are operated in the linear portion of
their voltage-transfer characteristics (see Fig. 6). If either Q8
or Q12 are swung out of their linear regions toward cut-off (a
non-linear region), there will be a corresponding reduction in
supply-current. In the extreme case, e.g., with Term. 8 swung
down to ground potential (or tied to ground), NMOS
transi: Q12is ly cut off and the supply-current to
series-connected transistors Q8, Q12 goes essentially to zero.
The two preceding stages in the CA3130, however, continue to
draw modest supply-current (see the lower curve in Fig. 7)
even though the output stage is strobed off. Fig. 13a shows a
dual-supply arrangement for the output stage that can also be
strobed off, assuming R = °, by pulling the potential of
Term. 8 down to that of Term. 4.

Let it now be d that a load-r of inal value
(e.g.. 2 kilohms) is d b Term. 6 and ground in
the circuit of Fig. 13b. Letit further be assumed again that the
input inal bias (Terms. 2 and 3) is such that the output

terminal (No. 6) voltage is at V*/2. Since PMOS transistor Q8
must now supply quiescent current to both Ry and transistor
Q12, it should be apparent that under these conditions the
supply-current must increase as an inverse function of the R

gnitude. Fig. 9 shows the voltage-drop across PMOS tran-

sistor Q8 as a function of load current at several supply-

OFFSET-VOLTAGE SHIFT (aV1g) —mV

3500 4000

TIME (t)- HOURS

92CS-24724

Fig. 12-Typical incremental offsat-voltage shift vs. operating life.

Power-Supply Considerations

Because the CA3130 is very useful in single-supply applications,
it is pertinent to review some considerations relating to power-
supply current consumption under both single and dual-supply
service. Figs. 13a and 13b show the CA3130 connected for
both dual- and single-supply operation.
Dual-supply operation: When the output voltage at Term. 6 is
zero-volts, the currents supplied by the two power supplies are
equal. When the gate terminals of Q8 and Q12 are driven
gly positive with T to g d, current flow
through Q12 (from the negative supply) to the load is increased
and current flow through Q8 (from the positive supply) de-
creases correspondingly. When the gate terminals of Q8 and
Q12 are driven increasingly negative with respect to ground,
current flow through Q8 is increased and current flow through
Q12 is decreased accordingly.

=

-
1
ry

i

-" NEGATIVE
1 suppLy

i
(e) DUAL POWER-SUPPLY OPERATION

.

Fig. 6 shows the voltage h istics of the
output stage for several values of load resistance.
Wideband Noise
From the standpoint of low-noise perf: i ol ,
the use of the CA3130 is most ad in appli

there in the source resistance of the input signal is in the order
of 1 megohm or more. In this case, the total input-referred
noise voltage is typically only 23 uV when the test-circuit
amplifier of Fig. 14 is operated at a total supply voltage of 15
volts. This value of total input-referred noise remains essen-
tially constant, even though the value of source resistance is
raised by an order of magnitude. This characteristic is due to
the fact that reactarice of the input capacitance becomes a
significant factor in sh g the source It should be
noted, however, that for values of source resistance very much
greater than 1 megohm, the total noise voltage generated can
be dominated by the thermal noise contributions of both the
feedback and source resistors.

(b) SINGLE POWER-SUPPLY OPERATION
92CS-24728

Fig. 13—CA3130 output stage in dusl and single power-supply operation.

+785V
O

8W(-3d8) =200 kHz xa
TOTAL NOISE VOLTAGE (REFERRED
TO INPUT) =23 4V TYP.

92C5-24726
Fig. 14—Testcircuit amplifier I.’JO-{B gain) used for wideband
noise measurements.

Top Traoe Output
Bottom Trace: Input

(a) Small-signal response (50 mV/div. and 200 ns/div.)

Top Trace: Output signal (2 V/div. and 5 us/div.)
Qenter Trace: Difference signal (5 mV/div. and 5 us/div.)
Bottom Trace: Input signal (2 V/div. and 5 us/div.)
(b) Input-output diff signal sh g settling time
(Measurement made with Tektronix 7A13 differential
amplifier)

92¢5-24739

+75V
O

2k
25 oF
BW (-3 dB) = 4 MHz
SR 10 V/us
OlpF
92CS-24727

Fig. 15—Split-supply voltage foll with
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CA3130, CA3130A, CA3130B Types

TYPICAL APPLICATIONS

Voltage Followers

Operational amplifiers with very high input resistances, like the
CA3130, are particularly suited to service as voltage followers.
Fig. 15 shows the circuit of a classical voltage follower,
together with pertinent waveforms using the CA3130 in a
split-supply configuration.

A voltage follower, operated from a single supply, is shown in
Fig. 16, together with related waveforms. This follower circuit
is linear over a wide dynamic range, as illustrated by the
reproduction of the output waveform in Fig. 16a with input-
signal ramping. The waveforms in Fig. 16b show that the
follower does not lose its input-to-output phase-sense, even
though the input is being swung 7.5 volts below ground
potential. This unique characteristic is an important attribute
in both operational amplifier and comparator applications.
Fig. 16b also shows the manner in which the COS/MOS output
stage permits the output signal to swing down to the negativé
supply-rail potential (i.e., ground in the case shown). The
digital-td-analog converter (DAC) circuit, described in the
following section, illustrates the practical use of the CA3130
in a single-supply voltage-follower application.

Top Trace: Output (5 V/div. and 200 us/div.)
Bottom Trace: Input (5 V/div. and 200 us/div.)
(a) Output-waveform with input-signal ramping
(2 V/div. and 500 us/div.)

(b) Output-wmform with ground-reference sine-wave input
92Cs-24728
8V
O

92c8-24736
Fig. 16—Single-supply voltage with iated
(e.g., for use in single-supply D/A converter; see Fig. 9

in ICAN-6080).
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Fig. 17-9-bit DAC using COS/MOS digital switches and CA3130.

9-BIT COS/MOS DAC
A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)*
is shown in Fig. 17. This sy bines the pts of

multiple-switch COS/MOS IC’s, a low-cost ladder network of
discrete metal-oxide-film resistors, a CA3130 op-amp con~
nected as a foll , and an inexp 4
in a simple single power-supply arrang . An
feature of the DAC is that it is readily interfaced with COS/MOS
input logic, e.g., 10-volt logic levels are used in the circuit of
Fig. 17.

The circuit uses an R/2R voltage-ladder network, with the
output potential obtained directly by terminating the ladder
arms at either the positive or the negative power-supply
terminal. Each CD4007A contains three ‘“inverters”’, each
‘“inverter” functioning as a single-pole double-throw switch to
terminate an arm of the R/2R network at either the positive
or negative power-supply terminal. The resistor ladder is an
assembly of one per cent tolerance metal-oxide film resistors.
The five arms requiring the high iracy are bled with
series and parallel combinations of 806,000-ohm resistors from
the same manufacturing lot.

A single 15-volt supply provides a positive bus for the CA3130
follower amplifier and feeds the CA3085 voltage regulator.
A “scale-adjust” function is provided by the regulator output
control, set to a nommal 10-volt level in this system. The line-
voltage regulation (app! y 0.2%) p a 9-bit accu-
racy to be maintained with vanatlons of several volts in the
supply. The flexibility afforded by the COS/MOS building
blocks simplifies the design of DAC systems tailored to
particular needs.

1T

Aditi, 4

Single-Supply, Absolute-Value, Ideal Full-Wave Rectifier

The absolute-value circuit using the CA3130 is shown in Fig. 18.
During positive excursions, the input signal is fed through the
feedback network directly to the output. Simultaneously, the
positive excursion of the input signal also drives the output
terminal (No. 6) of the inverting amplifier in a negative-going
excursion such that the 1N914 diode effectively disconnects
the amplifier from the signal path. During a negative-going

*“Digital-to-Analog Conversion Using the RCA-CD4007A
COS/MOS IC,” Application Note ICAN-6080.

Top Trace: Output signal (2 V/div.)
Bottom Trace: Input signal (10 V/div.)
Time base on both traces: 0.2 ms/div.

92CS-24738

cam « B2y,

RI+ R2+R3

20 V p-p INPUT: BW(-3dB) = 230 kHz, DC OUTPUT (AVG) =32 V
| VOLT p-p INPUT: BW(-3dB) =130 kHz, DC OUTPUT (AVG.) =160 mV

92CS-24730

Fig. 18—Single-supply, absolute-value, ideal full-wave
rectifier with associated waveforms.
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excursion of the input signal, the CA3130 functions as a
normal inverting amplifier with a gain equal to —R2/R1.
When the equality of the two equations shown in Fig. 18 is
satisfied, the full-wave output is symmetrical.

Vp-p INPUT;
BW(-3 B) * 1.3 MHz

03 Vpp INPUT;
BW(-3 dB) = 240 kHz

+DC
OUTPUT
nnn ©
+
1008 s ur
V"v
(a) PEAK POSITIVE DETECTOR CIRCUIT
6 Vp—p INPUT,
BW(3 dB)= 360 kHz
0.3 Vpp INPUT,
BWI(=3 dB)« 320 kHz 001 uF
-oc
oUTPUT
O
uuwr
1008 -
WS o
(B) PEAK NEGATIVE DETECTOR CIRCUIT
92CS-24731

Fig. 19—Peak-detector circuits.

Peak Detectors

Peak-detector circuits are easily ir;lplemented with the CA-
3130, as illustrated in Fig. 19 for both the peak-positive and
the peak-negative circuit. It should be noted that with large-
signal inputs, the bandwidth of the peak-negative circuit is
much less than that of the peak-positive circuit. The second
stage of the CA3130 limits the bandwidth in this case.
Negative-going output-signal excursion requires a positive-
going signal excursion at the collector of transistor Q11, which
is loaded by the intrinsic capacitance of the associated circuitry
in this mode. On the other hand, during a negative-going
signal excursion at the collector of Q11, the transistor functions
in an active “pull-down’’ mode so that the intrinsic capacitance
can be discharged more expeditiously.

Error-Amplifier in Regulated Power Supplies

The CA3130 is an ideal choice for error-amplifier service in
regulated power supplies since it can function as an error-

amplifier when the regulated output voltage is d to
approach zero. Fig. 20 shows the schematic dnagram of a40-mA
power-supply capable of pr g regulated output voltage by

continuous adjustment over the range from 0 to 13 volts.
Q3 and Q4 in IC2 (a CA3086 tr -array IC) function as
zeners to provide supply-voltage for the CA3130 comparator
(IC1). Q1, Q2, and Q5 in IC2 are configured as a low imped-
ance, temperature-compensated source of adjustable reference
voltage for the error amplifier. Transistors Q1, Q2, Q3, and Q4
in IC3 (another CA3086 tr -array IC) are connected in
parallel as the series-pass element. Transistor Q5 in IC3
functions as a current-limiting device by diverting base drive
from the series-pass transistors, in accordance with the adjust-
ment of resistor R2.

Fig. 21 ins the sch ic diag of a regulated power-
supply capable of providing regulated output voltage by con-
tinuous adjustment over the range from 0.1 to 50 volts and
currents up to 1 ampere. The error amplifier (IC1) and
circuitry associated with 1C2 funetlon as pnvnouslv descnbod
-sithough the output of IC1 is b dby ad tr

(Q4) to provide adequate base drive for the Darlington-
connected series-pass s Q1, Q2. Ti Q3 func-
tions in the previously described currentlimiting circuit.

LINEAR INTEGRATED CIRCUITS

Fig. 21— Voltage regulator circuit (0.1 to 50 V at 1 A).
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CA3130, CA3130A, CA3130B Types

Multivibrators

The exceptionally high input resistance presented by the
CA3130 is an attractive feature for multivibrator circuit design

because it permits the use of timing circuits with high R/C"

ratios. The circuit diagram of a pulse generator (astable multi-
ibrator), with p for independent control of the
“on” and “off” periods, is shown in Fig. 22. Resistors R1 and
R2 are used to bias the CA3130 to the mid-point of the supply-
voltage and R3 is the feedback resistor.

Function Generator

Fig. 23 contains the schematic diagram of a function generator
using the CA3130 in the integrator and threshold detector
functions. This circuit generates a triangular or square-wave
output that can be swept over a 1,000,000:1 range (0.1 Hz to
100 kHz) by means of a single control, R1. A voltage-control
input is also available for remote sweep-control.

The heart of the frequency-determining system is an opera-
tional-transconductance-amplifier (OTA)*, IC1, operated as a
voltagecontrolled current-source. The output, lg, is a current
applied directly to the integrating capacitor, C1, in the feed-
back loop of the integrator 1C2, using a CA3130, to provide
the triangular-wave output. Potentiometer R2 is used to adjust
the circuit for slope symmetry of positive-going and negative-
going signal excursions.

Another CA3130, IC3, is used as a controlled switch to set the
excursion limits of the triangular output from the integrator
circuit. Capacitor C2 is a “peaking adjustment” to optimize
the high-frequency square-wave performance of the circuit.
P i ter R3 is adjustable to perfect the “amplitude
symmetry’’ of the square-wave output signals. Output from the
threshold detector is fed back via resistor R4 to the input.of
IC1 so as to toggle the current source from plus to minus in
generating the linear triangular wave.

Operation with Output-Stage Power-Booster

The current-sourcing and -sinking capability of the CA3130
output stage is easily supplemeﬁied to provide power-boost
capability. In the circuit of Fig. 24, three COS/MOS transistor-
pairs in a single CA3600E* IC array are shown parallel
connected with the output stage in the CA3130. In the Class A
mode of CA3600E shown, a typical device consumes 20 mA of
supply current at 15 V operation. This arrangement boosts the
current-handling capability of the CA3130 output stage. by
about 2.5x.

The amplifier circuit in Fig. 24 employs feedback to establish a
closed-loop gain of 48 dB. The typical large-signal bandwidth
(~3 dB) is 50 kHz.

R4

A

270kQ

INTEGRATOR
cl
THRESHOLD
DETECTOR
HIGH - FREQ. AN\
ADJUST 150 ka
3-30 pF
Ved
A
c2
3k
39ka
nogzm /\/ ‘L
SLOPE
S A
_ 10 ka AMPLITUDE
75v0 %m‘gm
FREQ. U -
ADJUST v

(100 kHz MAX.)

O-78v *SEE FILE NO. 475 AND ICAN-6668
FOR TECHNICAL INFORMATION

92CM-24735
Fig. 23— Function generator (frequency can be varied 1,000,000/1
with a single control).
*See File No. 475 and ICAN-6668.
+15 V
F
R =100 &
(Po=150 mW
AT THD =
= 10 %)
Ay(cL) =48 dB
LARGE SIGNAL
BW(-3dB) = 50 kHz

510 kQ
VW

NOTE: *SEE FILE NO. 619
TRANSISTORS pl, p2, p3 AND nl,n2,n3 ARE
PARALLEL *CONNECTE? Z‘Alyggs AND QI2,
F THI I
RESPECTIVELY, OF T s2cm-24737
Fig. 24—COS/MOS transistor array (CA3600E) connected as power-booster
in the output stage of the CA3130.

286



L ae

CA3131EM, CA3132EM Preliminary Data

5-Watt Audio Amplifiers

With Integral Heat Sink

RCA-CA3131EM and CA3132EM are audio amplifiers with ‘
integral preamplifier stages on single integrated-circuit mono-
lithic chips.

Utilizing a uniquely designed package with an integral heat
sink, these devices can provide a power-output signal in
excess of five watts at an ambient temperature of 25°C.

The CA3131EM employs an internal feedback network that
sets the over-all gain of the amplifier to typically 48 dB.

The CA3132EM omits the internal feedback network. This
arrangement offers the circuit designer a wide latitude in the
choice of an external feedback network more suitable to a
specific application. ’

Both types are encapsulated in a 16-lead dual-in-line ‘plastic
package with 4 center leads removed.

The CA3131EM and CA3132EM are zlectrically equivalent to
and pin compatible with types SN76013 and SN76023,
respectively.

Determining External Component Values (Refer to Figs. 2 & 3)
The dc quiescent output voltage is set by the voltage at Terminal
1. This voltage, in tyrn, is set by the internal voltage at
Terminal 2 less I} (input current, fixed by Rp + Rg, for Q4).
The voltage at Terminal 2 is set slightly above half the supply
voltage to allow for the voltage drop across Rp + Rg.
Filter RgC3 attenuates any ac ripple injected from the supply
line and prevents positive feedback to Terminal 1. The rejection
of supply voltage is a direct function of the filter attenuation.

The input impedance of the audio amplifiers is a function of
the closed-loop gain and the magﬁitude of the Q8 current. In
practice the input impedance is well above 1 megohm. The
input signal, applied through C2, sees an impedance equivalent
to the resistance of R connected in parallel with the ampli-
fier input impedance. Hence, the value of Rp in most cases is
dominant in establishing the input signal impedance.

The value of C1 depends on the regulation of the power
supply. It is possible for the amplifier to work with a value of
C1 as low as 0.1 uF to attenuate high-frequency signals in the
supply line. Ideally, C1 should be placed as near Terminal 10
as possible. An electrolytic capacitor should be used for C1 if
the power supply is poorly regulated to avoid ripple at the
output.

Capacitor C6 at Terminal 15 provides over-all compensation.
If a 1000-pF capacitor is used for C6, then the first breakpoint
for a 46-dB closed-loop gain occurs at 200 kHz. Higher
capacitance values will cause the constant current from Q10
to charge C6 on the positive voltage swing and thus limit the
slew rate at high-signal levels. Because p-n-p transistor Q19 has
a lower gain-bandwidth product (fy) than the n-p-n transistors,
C7 is connected to Terminal 9 to compensate for gain losses
occurring in the negative voltage swings.

The use of the filter networks C8 and Rp at the output
Terminal 6 is a standard requirement for class B audio outputs

MAXIMUM RATINGS, Absolute-Maximum Values:

SUPPLY VOLTAGE, VY ... ... ... .. ... .. ...... 28V
CONTINUOUS OUTPUT POWER, P(y (with

R =8QandV*'=24V) ... ... 8W RMS
MINIMUM RECOMMENDED LOAD

IMPEDANCE, R ....ovviiiiiiiiiiiaenaan.., 8q
AMBIENT OPERATING TEMPERATURE, Tp

{at 6W RMS Output Power) ...................... 70°C

STORAGE TEMPERATURE RANGE —55 to +150 °C

INV. INPUT V™ OUTPUT
INPUT COMP. GND NC v+ COMP.

§6 0

CA3I31EM — CA3I32EM

O ® 0 ® 0o

NON-INV. BIAS Vv~ OUTPUT NC NC
INPUT SOURCE GND
92¢$-24139

TOP VIEW

Fig. 1—Terminal assignment of the CA3131EM and CA3132EM.

driving reactive speaker loads. Capacitor C8 compensates for
the speaker inductance and Rp limits the current surges
through C8.

The value of the coupling capacitor C9 to the load determines
the low-frequency response of the amplifier.

Closed-Loop Gain

The closed-loop gain for either type is set by the ratio
(R1 + R2)/R1. These resistors are included in the CA3131EM
circuit and are external when used with the CA3132EM. In
either type, the low-frequency value (—3 dB point) is reached
when the impedance of C5 equals the value of R1.

LINEAR INTEGRATED CIRCUITS

Features:
® Power Output: 4W min., 5W typ.
® Compl plifier including: p plifier stages,

power-output amplifier, and integral heat sink
s High power-supply rejection ratio
® Operating voltage: V* =24 V tyg.
® Available with internal feedback (CA3131EM)
or without feedback (CA3132EM)
ELECTRICAL CHARACTERISTICS at Ta= 26°C, vt=24Vv

Vi
Characteristic | Sym- Conditions s Unit
bol Min. | Typ.
Input
Impedance Z 200k | — Q
Power Output Po | At clipping onset
RL =8 Q 4 bt w
RL=16Q 3 - w
Closed-Loop

Gain —

CA3131EM | A |f=1kHz 46 48 dB
Supply Current | I* | Zero signal - 10 mA
Total

Harmonic

Distortion |THD [Pg =50 mW—4W, '

R_L=8Q - 1 %
Po =50 mMW-3 W,
R =15Q - 1 %
Noise Voltage |V, |20 Hz—20kHz | — 1.5 |ImVv
RMS
s 1o
1

NPT R
. 1008
{iey-AAA--

B T s |

Q8
NOTE: AMPLIFIER CIRCUIT IS IDENTICAL FOR

: Fﬁ
ox
=
=]
3
3
R %
()
e
VW
2
Qo
TN
©

OUTPUT

Q9

Q20

Q6

BOTH TYPES EXCEPT FOR INV. INPUT AND
FEEDBACK LOOP (INCLUDING R1 AND R2).
THESE CIRCUIT ADDITIONS, SHOWN WITH DOT- O
TED LINES, APPLY ONLY TO TYPE CA3131EM. 2
GND

Fig. 2—Schematic diagram of types CA3131EM and CA3132EM.
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A 1000-pF capacitor is required if input has an o'pen circuit.
A External resistors R1 and R2 are used only with the CA3132EM.

omit R1 and R2 and connect the (+) termination of C5 to Terminal 16.

Fig. 3—Test circuit for types CA3131EM and CA

92CS- 24973

92CS-24974

Bottom view

When testing the CA3131EM,

3132EM.

Fig. 4—Printed-circuit board (actual size) con taining
the test circuit, shown in Fig. 3, for the

CA3131EM,
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