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- CA3130A
CA3130

BiMOS Operational Amplifiers
with MOSFET Input/CMOS Output

Features
e MOSFET Input Stage Provides:
> Very High Z; = 1.5 T2 {1.5 x 1012Q0) Typ.

» Very Low I} = 5pA Typ. @ 15V Operation
= 2pA Typ. @ 5V Operation

¢ |deal for Single-Supply Applications

¢ Common-Mode Input-Voltage Range Includes Nega-
tive Supply Rail; Input Terminals can be Swung 0.5V
below Negative Supply Rail

* CMOS Output Stage Permits Signal Swing to Either
(or both) Supply Rails

Applications

* Ground-Referenced Single Supply Amplifiers
* Fast Sample-Hold Amplifiers

* Long-~-Duration Timers/Monostables

* High~Input-Impedance Comparators
(Ideal interface with Digital CMOS)

* High-Input-Impedance Wideband Ampilifiers

* Voltage Followers (e.g. Follower for Single-Supply
D/A Converter)

* Voltage Regulators (Permits Control of Output
Voltage Down to Zero Voits)

* Peak Detectors
* Single-Supply Full-Wave Precision Rectifiers
* Photo~-Diode Sensar Amplifiers

Description

CA3130A and CA3130 are integrated~-circuit operational
amplifiers that combine the advantage of both CMQOS and
biplear transistors on a monolithic chip.

Gate-protected p-channel MOSFET (PMOS) transistors
are used in the input circuit to provide very-high-input
impedance, very-low-input current, and exceptional speed
performance. The use of PMOS field-effect transistors in
the input stage results in common-mode input-voltage
capability down to 0.5 volt below the negative-supply
terminal, an important attribute in single-supply
applications.

A complementary-symmetry MOS (CMOS) transistor-pair,
capable of swinging the output voltage to within 10
millivolts of either supply-voitage terminal (at very high
values of load impedance), is employed as the output

circuit.
»

The CA3130 Series circuits operate at supply voitages
ranging from 5 to 16 volts, or £2.5 to +8 volts when using
split supplies. They can be phase compensated with a
single external capacitor, and have terminals for adjustment
of offset voltage for applications requiring offset-null
capability. Terminal provisions are also made to permit
strobing of the output stage.

The CA3130 Series is supplied in standard 8-lead TO-5
style packages (T suffix), 8-lead dual-in-line formed lead
TQ-5 style “DIL~-CAN" packages (S suffix). The CA3130 is
available in chip form (H suffix). The CA3130 and CA3130A
are also available in the Mini~DIP 8-lead dual-in~line plastic
package (E suffix), and in the 8-lead Small Qutline package
(M suffix). All types operate over the full military-
temperature range of ~-35°C to +1259C. The CA3120A
offers superior input characteristics over those of the
CA3130.
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CA3130A, CA3130

ELECTRICAL CHARACTERISTICS at T3=25°C, V*=15V, V™ = 0V (Unless otherwise specified)

OPERATIONAL

| LIMITS
CHARACTERISTIC CA3130A (T, S, E. M) CA3130 (T, S, E, M) Units
Min. | Typ.| Max. |Min. | Typ.| Max]
Input Offset Voltage,
- - 15 \Y
Vol Vi=t15V 219 8 m
Input Offset Current
’ - . - . A
I'IOi ytes7 5V 05| 20 0.5 | 30 p
Input Current, I
- - A
viss75V 3| i e
Large-Signal Voltage 50k |320k| - |50k |320k| - VIV
Gain, AOL
V=10 Vp-p- R =2 k2| 94 110 - 94 110 - dB
Common-Mode
Rejection Ratio,CMRR 80 %0 - 70 90 - d8
Common-Mode Input- -0.5 -0.5
Voltage Range, V|cR 0 to 10 0 to 10 Y
12 12
Power-Supply Rejection
Ratio, AV g/6V* - | 32 |150 | - | 32 |320|uVIV
vi=t75V
Maximum Output
Voltage: .
_ Vom" | 12 | 133] — |12 | 133] -
AtRL=2KQ g =T = [0.002[0.07 | — [0.002[007 '
* (14, - s -
At R = VOM_ 14.99] 15 14.99{ 15
Vom - 0 (0.0 - 0 (0.01
Maximum Qutput
Current:
lOM+ {Source) @
Vg=0V 12 22 | 45 12 22 | 45
mA
lom™ (Sink) @
Vo=15V 12 20 45 12 20 45
Supply Current, 17:
VA=7.5 V,Ry =00 - 10 15 - 10 15
0 L mA
Vo=0V, R == - 2 3 - 2 3
Input Offset Volrage
Temp. Drift, - 10 | - - 10 - |uvrec
AV|OI’AT.
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

TEST
CONDITIONS
vt=475V
v—=_75y | CA3130A
CHARACTERISTIC Ta= 25.°C CA3130 UNITS
A T.S.E M)
(Unless Oiher-
wise Specified)
Input Offset Voltage 10 k2 across
Adjustment Range Terms. 4 and S +22 mV
ordand 1
Input Resistance, R 1.5 Q
Input Capacitance, C; f=1MHz 43 pF
Equivalent Input Noise BW =0.2 MHz 23 uv
Voltage, e, Rg=1MQ*
Unity Gain Crossover Ce=0 15
nity Gain Cr ve c MHz
Frequency, fr Cc=47pF 4
Slew Rate, SR:
Open Loo Ce=0 30
P P ¢ V/us
Closed Loop Cc =56 pF 10
Transient Response: Cc =56 pF 4
Rise Time, t, C_=25pF 0.09 us
Overshoot R =2k 10 %
- - {Voltage
Settling Time (4 Vp-p Follower) 1.2 s
Input to <0.1%)

* Aithough a 1-Mf2 source is used for this test, the equivalent input noise remains constant for values of Hs
up to 10 MQ2.

TEST
CONDITIONS

vt=5Vv

CHARACTERISTIC vTEov CA3130A | CA3130 | UNITS

Ta = 25°C
.S, ELM T.S,EM
{Unless Other- a ) ’

wise Specified)

Input Offset Voltage, Vi 2 8 mV
Input Offset Current, |1 0.1 0.1 pA
Input Current, |, 2 2 pA
Common-Mode Rejection
Ratio, CMRR 90 80 dB
Large-Signal Voltage Vo=4 V’:,_p 100 k 100 k VIV
Gain, A R =5kQ 100 100 dB
Common-Mode input
Voltage Range, V|cR 0to 28 0to 2.8 \
VO =5V,
R, =oo 300 300
Supply Current, |* L HA
VO =25V,
Ry = oo 500 500
Power Supply Rejection
Ratio, AV |g/AV* 200 200 uv/v
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MAXIMUM RATINGS, Absolute-Maximum Values
DC SUPPLY VOLTAGE

(Between V*and V™ Terminals) ........ 16V
DIFFERENTIAL-MODE
INPUT VOLTAGE .................. *gv

COMMON-MODE DC

TEMPERATURE RANGE:
OPERATING (all types) ..... —55 to + 125°C
STORAGE (all types) .. ......

OUTPUT SHORT-CIRCUIT.

—65 to + 150°C

INPUT VOLTAGE. .. (V*+8 Vito (V™ ~-05 V) DURATION *............ INDEFINITE
INPUT-TERMINAL CURRENT ......... 1 mA LEAD TEMPERATURE
DEVICE DISSIPATION: (DURING SOLDERING):

WITHQUT HEAT SINK —~ AT SISTANCEZ /16 £ 1/32 INCH
UPTOSS°C ............ T 630 mw 11.59 * 0.79 mm)} FROM CASE
ABOVE 55°C .... Derate linearly 6.67 mW/°C FOR 10 SECONDS MAX. . . .. +265°C

WITH HEAT SINK — S ———

UPTOS0°C .. ... ... .. ..u.... 1w *Short circuit may be applied to ground or to either
ABOVE 90°C . Derate linearly 16.7 mW/°C supply.
e [ I T
| BIAS GRCWIT | | CURRENT SOURCE FOR 06 AND Q7 | | CURRENT-SOURCE| @v*
t + ¢ '
| t **—4:5 il
Qt [
| > 'j ' _] i
| oz 0z | | - ! i
Y os || Q4 1 |
' D4 | | | I
] L] | | | i
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Fig. 2 — Schematic diagram of the CA3130 Series.

CIRCUIT DESCRIPTION
Fig. 3 is a block diagram of the CA3130
Series CMOS Operational Amplifiers. The
input terminals may be operated down to
0.5 V below the negative supply rail, and the
output can be swung very close to either
supply rail in many applications. Conse-
quently, the CA3130 Series circuits are ideal
for single-supply operation. Three Class A
amplifier stages, having the individual gain
capability and current consumption shown
in Fig. 3, provide the total gain of the
CA3130. A biasing circuit provides two
potentials for common use in the first and
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second stages. Term. 8 can be used both for
phase compensation and to strobe the output
stage into quiescence. When Term. 8 is tied
to the negative supply rail (Term. 4) by
mechanical or electrical means, the output
potential at Term. 6 essentially rises to the
positive supply-rail potential at Term. 7.
This condition of essentially zero current
drain in the output stage under the strobed
“OFF" condition can only be achieved when
the ohmic load resistance presented to the
amplifier is very high (e.g., wfmen the amplifier
outputis used to drive CMOS digital circuits
in comparator applications).

OPERATIONAL




CA3130A, CA3130

Input Stages—The circuit of the CA3130 is
shown in Fig. 2. It consists of a differential-
input stage using PMOS field-effect tran-
sistors (Q6, Q7) working into a mirror-pair
of bipolar transistors (09, Q10) functioning
as load resistors together with resistors R3
through R6. The mirror-pair transistors also
function as a differential-to-single-ended con-
verter to provide base drive to the second-
stage bipolar transistor (Q11). Offset nulling,
when desired, can be effected by connecting
a 100,000-ohm potentiometer across Terms.
1 and 5 and the potentiometer slider arm to
Term. 4. Cascode-connected PMOS transistors
Q2, Q4 are the constant-current source for
the input stage. The biasing circuit for the
constant-Lurrent source is subsequently de-
scribed. The small diodes D5 through D8
provide gate-oxide protection against high-
voltage transients, e.g., including static elec-
tricity 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
provided by PMOS transistors Q3 and Q5.
The source of bias potentials for these PMOS
transistors is subsequently described. Miller-
Effect compensation (roll-off) is accom-
plished by simply connecting a smali capa-
citor between Terms. 1 and 8. A 47-picofarad
capacitor provides sufficient compensation
for stable unity-gain operation in most
applications.

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,
consisting 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 PMQOS tran-
sistor Q1 with respect to Term. 7 to provide
gate bias for PMOS transistors Q2 and Q3. It

COMPENSATION
OFFSET {WHEN REQUIRED)
ML

TOTAL SUPPLY VOLTAGE (FOR INOICATED VOLTAGE GAINS) =13 v
CWITH INPUT TERAMINALS BIASED SO THAT TERM § POTENTIAL
IS +T3V ABOVE TERM 4
®WITH QUTPUT TERMINAL ORIVEN TO EITHER SUPPLY RalL

22201

Fig. 3 — Block diagram of the CA3130 Series.

should be noted that Q1 is “‘mirrorcon-
nected”? to both Q2 and Q3. Since tran-
sistors Q1, Q2, Q3 are designed to be iden-
tical, the approximately 200-microampere
current in Q1 establishes a similar current in
Q2 and Q3 as constant-current sources for
both 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 re-
sults in deterioration of the power-supply-
rejection ratio (PSRR) at total supply voit-
ages below 8.3 volts. Operation at total sup-
ply voltages below about 4.5 volts results in
seriously degraded performance.

Output Stage—The output stage consists
of a drain-loaded inverting amplifier using
CMOS 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. Be-
cause the output stage is a drain-loaded
amplifier, its gain is dependent upon the
load impedance. The transfer characteristics
of the output stage for aload 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 feed-
back 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.

tForgeneralinformation on the characteristics
of CMOS transistor-pairs in hnear-circuit
applications, see File No.619, data bulletinon
CA3600E “CMOS Transistor Array”
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Fig. 9 — Voltage across PMQOS output transistor
{Q8) vs. load current.

Input Current Variation with Common-
Mode input Voltage

As shown in the Table of Electrical Charac-
teristics, the input current for the CA3130
Series Op-Amps is typically 5 pA at Tp=25°C
when terminals 2 and 3 are at a common-
mode potential of +7.5 volts with respect to
negative supply Terminal 4. Fig.11 contains
data showing the variation of input current
as a function of common-mode input voltage
at Ta = 259C. These data show that circuit
designers can advantageously exploit these
characteristics to design circuits which typi-
cally require an input current of less than 1
pA, provided the common-mode input volt-
age does not exceed 2 volts. As previously
noted, the input current is essentially the
result of the leakage current through the
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Fig. 10 — Voltage across NMOS output transistor
(Q712) vs. load current.

gate-protection diodes in the input circuit
and, therefore, a function of the applied
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Fig.11 — Input current vs. common-mode voltage.
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voitage. Although the finite resistance of the
glass terminal-to-case insulator of the TO-5
package also contributes an increment of
leakage current, there are useful compensa-
ting factors. Because the gate-protection net-
work functions as if it is connected to
Terminal 4 potential, and the TO-5 case of
the CA3130 is also internally tied to Term-
inal 4, input terminal 3is essentially "‘quarded”’
from spurious leakage currents.

Offset Nulling

Offset-voltage nulling is usually accomplished
with a 100,000-ohm potentiometer con-
nected across Terms. 1 and 5 and with the
potentiometer slider arm connected to Term.
4. A fine offset-null adjustment usually can
be effected with the slider arm positioned in
the mid-point of the potentiometer’s total
range.

Input-Current Variation with Temperature
The input current of the CA3130 Series cir-
cuits is typically 5 pA at 259C. The major
portion of this input current is due to leakage
current through the gate-protective diodes in
the input circuit. As with any semiconductor-
junction device, including op amps with a
junction-FET input stage, the leakage cur-
rent approximately doubles for every 10°C
increase in temperature. Fig.12 provides data
on the typical variation of input bias current
as a function of temperature in the CA3130.

tude of the change is increased at high tem-
peratures. Users of the CA3130 should be
alert to the possible impacts of this effect if
the application of the device involves ex-
tended operation at high temperatures with a
significant differential dc bias voltage applied

across Terms. 2 and 3. Fig.13 shows typical
data pertinent to shifts in offset voltage
encountered with CA3130 devices (TO-5
nackage} during life testing. At lower tem-
peratures {TQO-5 and plastic}, for example

at 85°C, this change in voltage is con-
siderably less. In typical linear applica-

tions where the differential voltage i1s small
and symmetrical, these incremental changes
are of about the same madgnitude as those
encountered in an operational amplifier em-
ploying a bipolar transistor input stage. The
two-volt dc differential voltage example rep-
resents conditions when the amplifier output
stage is ‘‘toggled”, e.g., as in comparator
applications.

T ameient TEMPERATURE (T,)0125°C
08 TO-3 PACKAGES. E

<

Iy

QOFFSET-VOLTAGE SHIFT vyl —mv

! X
-80 -60 -40 -20 O 20 40 60 80 100 120 140
AMBIENT TEMPERATURE (Ty)—*C
9223-20244a

Fig.12 — Input current vs. ambient temperature.

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 mar-
kedly reduce and stabilize input current
variations.

Input-Offset-Voltage (V) Variation with
DC Bias vs. Device Operating Life
It is well known that the characteristics 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 magni-
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-3 e - M
S 0 ! 4 ! Power-Supply Considerations
s ! ] . o
-y - ,/ L Because the CA3130 is very useful in single-
[~ s _.l ——" T : supply applications, it is pertinent to review
T C 7 i i some considerations relating to power-supply
o ; current consumption under both single- and
}

dual-supply service. Figs. 14a and 14b show
the CA3130 connected for both dual- and
single-supply operation.

Dual-supply operation: When the output
voitage 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 increasingly positive with respect to
ground, current flow through Q12 {from the
negative supply) to the load is increased and
current flow through Q8 (from the positive
supply) decreases correspondingly. When the
gate terminals of Q8 and Q12 are driven in-
creasingly negative with respect to ground,
current flow through Q8 is increased and
current flow through Q12 is decreased
accordingly.

Single-supply operation: [Initially, let it be
assumed that the value of R is very high
(or disconnected), and that the input-terminal
bias {Terms. 2 and 3) is such that the out-
put terminal (No. 6) voltage is at V*/2, 1e.,
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Fig.14 — CA3130 output stage in dual and single power-supply operation.

the voltage-drops across Q8 and Q12 are of
equal magnitude. Fig. 7 shows typical quies-
cent supply-current vs. supply-voltage for the
CA3130 operated under these conditions.
Since the output 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 re-
duction in supply-current, in the extreme
case, e.g., with Term. 8 swung down to
ground potential (or tied to ground), NMQOS
transistor Q12 is completely 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. 14a shows a
dual-supply arrangement for the output stage
that can also be strobed off, assuming R =o°,
by pulling the potential of Term. 8 down to
that of Term. 4.

Let it now be assumed that a load-resistance
of nominal value (e.g., 2 kilohms} is con-
nected between Term. 6 and ground in the
circuit of Fig.14b. Let it further be assumed
again that the input-terminal bias (Terms. 2
and 3) is such that the output terminal (No.
6) voltage is a V¥/2. Since PMOS transistor
Q8 must now supply quiescent current to
both R and transistor Q12, it should be
apparent that under these conditions the
supply-current must increase as an inverse
function of the R magnitude. Fig. 9 shows
the voltage-drop across PMOS transistor Q8
as a function of load current at several supply-
voltages. Fig. 6 shows the voltage-transfer
characteristics of the output stage for several
values of load resistance.

Wideband Noaise

From the standpoint of low-noise perform-
ance considerations, the use of the CA3130
is most advantageous in applications where
in the source resistance of the input signal is

3-95

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. 15 is operated at a total
supply voltage of 15 volts. This value of
total input-referred noise remains essentially
constant, even though the value of source
resistance is raised by an order of magnitude.
This characteristic is due to the fact that
reactance of the input capacitance becomes a
significant factor in shunting the source
resistance. It should be hoted, 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.

TYPICAL APPLICATIONS

Voltage Followers

Operational amplifiers with very high input
resistances, like the CA3130, are particularly
suited to service as voltage followers. Fig. 16
shows the circuit of a classical voltage
follower, together with pertinent waveforms
using the CA3130 in a split-supply config-
uration.

A voltage follower, operated from a singie
supply, is shown in Fig. 17, together with
related waveforms. This follower circuit is

NOtSE
Q voLTAGE

H uTPUT
%‘G 3

¢

éuﬂ
==

32CS-2a728

Fig.18 — Testcircuit amplifier (30-d8 gain) used
for wideband noise measurements.

BW(-3d8)=200 kM2
TOTAL NOISE VOLTAGE (REFERRED
TO INPUT) 23 L v TYP
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Top Trace: Output
Bottom Trace: Input
{a) Small-signal response (50 mV/div.
and 200 ns/div.)

92CS-24739

Top Trace. Qutputsignal (2 V/idiv
and 5 usidiv )
Center Trace. Difference signal (5 mV/dv.
and 5 us/div )
Input signal 12 Vidiv
and S us/div )
(b} Input-outpur difference signal showing
setthing time (Measurement made with
Tektronix 7A13 differential amplifier)

Bottom Trace:

Fig. 16 — Split-supply voltage follower with
associated waveforms.

linear over a wide dyramic range, as illus-
trated by the reproduction of the autput
waveform in  Fig. 17a with inputsignal
ramping The waveforms in Fig. 17b show
that the follower coes not Icse 'ts ‘nput-to-
output phase-sense, 2ven though the \nput 's
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[
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CA3130

92C3 - 24736

{a) Output-waveform with input-signal ramping
(2 V/dwv. and 500 us/div.)
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QOutout 5 V/div and 200 _s/div.)
Input (5 V/dwv. ana 200 us/div.)

Top Trace.

Bottom Trace*

{b) Output-waveiorm with ground-r2°erence
sine-wave input

Fig.17 — Single-supply voltage-follower with
associated waveforms. (e.g., for use
in single-supply D/A converter; see
F19.9 in ICAN-6080).

being swung 7.5 volts below grou~d potential.
This umique characteristic is zn important
attribute in both operational zmplifier and
comparator appl:cations. Fig. 17b also shows
the manner n wnich the CMOS output
stage permits the cutout signal 10 swing down

to the negauva :-'opiy -rail actazntial flie.,
ground in the case shown). Thz digital-to-
analog converter ‘DAC) circu 'z, cescribed in

the following sect:on, illustrates ne pracucal
use of the CA3130 :n a single-s_coly voltage-
follower apolica: ¢

a
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9-Bit COS/MOS DAC

A typical circuit of a 9-bit Digital-to-Analog
Converter (DAC)" is shown in Fig.18 This
system combines the concepts of multiple-
switch CMOS IC's, a low-cost ladder net-

work of discrete metal-oxide-film resistors,

a CA3130 op amp connected as a follower,

and an inexpensive monolithic regulatorin

a simple single power-suppiy arrangement.
An additional feature of the DAC is that it is

readily interfaced with CMOS input logic,

e.g., 10-volt logic levels are used in the

circuit of Fig. 18.

10 V LOGIC INPUTS
+10 OO .

of one per cent tolerance metal-oxide film
resistors. The five arms requiring the highest
accuracy are assembled with series and
parallel combinations of 806,000-ohm re-
sistors 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 nominal
10-voit level in this system. The line-voltage
requiation (approximately 0.2%) permits a
9-bit accuracy to be maintained with varia-

Ve Y
O REQUIRED
BIT  RATIO- MATCH
Lse b/ MS8 i STANDARD
9 8 7 f [ -1 4 3 2 i 2 20 1%
) 3 102%
‘ @ @ , @ ; : o . %
) s 108%
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CD4007A [=s2] A CD4007s
“SWITCHES® _E_..‘ "SWITCHES" I “SWITCHES™ ALL RESISTANCES IN ONMS
® ® A ®
® 4
(21 (a) @ *
= 806 Kk D402« S200x 100 K €06 K > 806 806K 806K D BO6K
1% Y 1% t% % Y% 1% % 1%
A AN/
806 X 750 K N—
806 x 1% "~ PARALLELED
o RESISTORS
- §vox
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vy REGULATOR
outeuT oL
+10010 v O ;gtLAOSIEER
REGULATED
U 2uF Ta
T esv A0y
000 uf NULL
j83x
[ 2x
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] e
he T
= Oluf

92¢,.-24729

Fi1g. 18-9-bit DAC using CMOS digtal switches and CA3130.

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” function-
ing 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

¢ "Digital-lo~Analog Conversion Using the Harns
CD4007A COS/MOS IC”, Application Note ICAN-§080.
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tions of several volts in the supply. The
flexibility afforded by the COS/MOS buiiding
blocks simplifies the design of DAC systems
taillored to particular needs.

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

The absolute-value circuit using the CA3130
is shown in Fig. 19. During positive excur-
sions, the input signal is fed through tne
feedback network directly to the output.
Simultaneously, the positive excursion of the
input signal also drives the output termi-
nal (No. 6) of the inverting amplifier in a

OPERATIONAL
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negative-going excursion such that the 1N914
diode effectively disconnects the amplifier
from the signal path. During a negative-going
excursion of the input signal, the CA3130
functions as a normal inverting amplifier with
2 gain equal to —R2/R1. When the equality
of the two equations shown in Fig. 19 is
satisfied, the full-wave output is symmetrical.

GAIN « .:_'z.-x.

”3em (.m.)

R B
Ri+ RZ +R3

=-x

20 A2
ron x+03; 318 . 22
n:-nn(%’-!-)-nn
20V p-p INPUT  BW(-34B)+ 230 tHz, DC GUTPUT (AVG ) =32 V
I VOLT p-p INPUT  BW(-3d8) +130 kHz, OC OUTPUT LAVG] + 160 mV

92C3-24730

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 re-
quired to approach zero. Fig. 21 shows the
schematic diagram of a 40-mA power supply
capable of providing regulated output volt-

ALIA
VRWA\/AWEL
'llmll’l-mll
O U U O 0 O ot

92CS—~24738RI

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

Fig.19 — Single-supply, absolute-value, ideal full-wave
rectifier with associated waveforms.

Peak Detectors

Peak-detector circuits are easily implemented
with the CA3130, as illustrated in Fig. 20
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.

€V, INPUT,
BW(-3 ¢B8) v 1.3 MMy

03 Yoy NPyt
BW(-3 ¢8) = 240 kN2

{e) PEAK POSITIVE DETECTOR CiaCuIT

age by continuous adjustment over the range
from 0 to 13 volts. Q3 and Q4 in IC2 (a
CA3086 transistor-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 impedance,
temperature-compensated source of adjust-
able reference voltage for the error amplifier.
Transistors Q1, Q2, Q3, and Q4 in IC3
(another CA3086 transistor-array IC) are
connected in parallel as the series-pass ele-
ment. Transistor Q5 in IC3 functions as a
currentlimiting device by diverting base
drive from the series-pass transistors, in
accordance with the adjust—ent of resistor
R2.

Fig. 22 contains the schematic diagram of a
regulated power-supply capable of providing
regulated output voltage by continuous ad-

6 Vpop INPUT,
BW(-3 481~ 360 tMr

03 ¥y, INPUT,

BW(-3 4B} 320 tmr

(b} PEAX NEGATivE OETECTOR CIRCUIT

apcs ety

Fig.20 — Peak-detector circurts.
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Fig. 21-Voltage regulator circuit (0 to 13 V at 40 mA).
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Fig.22 — Voltage regulator circuit (0.1 to 50 V at 1 Al.
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justment over the range from 0.1 to 50 volts
and currents up to 1 ampere. The error
amplifier (IC1) and circuitry associated with
IC2 function as previously described, al-
though the output of IC1 is boosted by a
discrete transistor (Q4) to provide adequate
base drive for the Darlington-connected series-
pass transistors Q1, Q2. Transistor Q3 func-
tions ia the previously described current-
limiting circuit.

Multivibrators

The exceptionally high input resistance pre-
sented 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 multivibrator), with pro-
visions for independent control of the “on”’
and “‘off” periods, is shown in Fig. 23.
Resistors R1 and R2 are used to bias the
CA3130 to the mid-point of the supply-volt-
age and R3 is the feedback resistor. The
pulse repetition rate is selected by position-
ing S1 to the desired position and the rate
remains essentially constant when the re-
sistors which determine “‘on-period’”” and
“off-period’’ are adjusted.

Function Generator

Fig. 24 contains a schematic diagram of a
function generator using the CA3130 in the
integrator and threshoid 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 sys-
tem is an operational-transconductance-ampli-
fier (OTA)*®, IC1, operated as a voltage-con-
trolled current-source. The output, 1Q, is a
current applied directly to the integrating
capacitor, C1, in the feedback 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.

Potentiometer 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.

*See File No. 475 and ICAN-6668.
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Fig.23 ~ Pulse generator (astable muftivibrator] with .

provisions for independent control of “ON"*
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Fig. 24 — Function generator (frequency can be varied
1,000,000/1 with a single control).

Operation with Output-Stage Power-Booster
The current-sourcing and -sinking capability
of the CA3130 output stage is easily sup-
plemented to provide power-boost capability.
In the circuit of Fig. 25, three CMOS
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 %‘SX.

The amplifier circuit in Fig. 25 employs
feedback to establish a closed-loop gain of
48 dB. The typical large-signal bandwidth
(-3 dB) is 50 kHz.

*See File No. 619 for technical information.
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NOTE *SEE FILE NO 619

TRANSISTORS pi,p2.03 AND ni_n2, n3 ARE
PARALLEL - CONNECTED WiTH 08 AND Qi2,
RESPECTIVELY, OF THE CA3130

2CM-247137

Fig. 25 - CMOS transistor array (CA3600E)
connected as power-booster in the
output stage of the CA3130.
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