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HIGH VOLTAGE, CHOPPER STABILIZED
OPERATIONAL AMPLIFIER
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' FEATURES

B High voltage operation—+ 15 V
W Lownolse (0to 1 H2}—0.2uVpp
‘W Wide common mode voltage—Vg to Vg -2V
M Low supply cutrent—1 mA
W Low offset voitage—10 uv
W Pin compatible to low-voltage 7652
B Low Impedance output
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GENERAL DESCRIPTION

The TSC76HV52 brings the benelits of chap-
per stabilized aperational amplifiers to the engineer
needing high voltage power supply operation. Asa
substitute for the 7652, the TSC76HV52 offers
reduced power dissipation, wider common mode
voltage and greater output current drive capability.
Pin compatible with the low voltage 7652, the
TSC76HV52 extends power supply operationto
+.15 V. Single or dual supply operation is possible.

Optimized for low noise and low power, the -
TSC76HV52 gives premium electrical performance.

Noise (0to 1 Hz) is alow 0.2 uV p_p. Operating from
+15 V.(supply carrent is only %.0 PmR

Application versatility is increased over the
low-voltage 7652 by extending the input common
mode voltage to Vg. Common mode rejection is
120 db. The TSC76HV52 output stage is designed to
drive loads typical of bipolar operational amplifiers.

Open loop gain is 120 db minimurm with a 10KQ load.

The TSC76HV52 maximum Vg specifi-

cation is only 10 1V, The maximum Vg driftis only
0.3 uV/°C. Input bias currents of only 100 pA
maximum gre lower than those for the industry

standard OPO7E by a factor of 20.

In addition to low Initial offset errors, the
nulling circuitry ensures excellent performance over
time and temperature. Long-term drift, which neces-
sitates periodic system recalibration, is effectively
eliminated. The nulling circuitry continues to operate
over the full temperature range, whereas laser and
zener zap trimming are only done at a single

COMPARISON

Parameter TSC76HV52 ICL7652CPD
Input noise 02uVpp 02uWWp.p
Operating voltage 7032V 5to16V
Max supply current i5mA  35mA
Negative common Vs VS,+ 0.7V
mode voltage

Single supp operation  Yes No

Operating temperature  -2510 +85°C 0to 70°C
Hermetic package Yes No

temperature. The resultis a significant decreasein
temperature-lnduced errors.

The TSC76HV52 uses two amplfiers to
correct offset voltage errors. A main ampfifier is
always in the signal path, which prevents switching
spikes at the output. A separate nulling amplifier
alternately corrects its own Vg error and then the
main amplifier's Vg errors, Only two external
capacitors are required to store the nulling error
voltages. All active nulling circuitry, including
switches and oscillator, are included on the chip.

The TSC76HV52 is offered in an 8- or 14-pin

standard, hermetic Cer DIP package for the same
cost as standard ICL7652 plastic devices.

Ordering Information

Part No. Package Temp. Range
TSC76HV52CPA 8-pin Plastic DIP  0°C 10 70°C

TSC76HV52WJA  8-pin CerDIP -25°C to 85°C

TSC76HV52CPD  14-pin Plastic DIP  0°C to 70°C

TSC76HV52IJD  14-pin CerDIP -25°C 10 85°C

Pin Configurations

cafi] e [e] cs
-INPUT 7] * (7] v8

anput [3]75C70MVEZF oy reyr
Vs | ¢ [5 | cLame

E INTERNAL GLOCK
OUTPUT
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Absolute Maximum Ratings

Total supply voltage (Vg to V§)—36 V

Input voltage—(Vg + 0.3) to (V§ - 0.3) V
Starage temperature range— -55 to +150°C

Electrical Characteristics Vg =115V

Lead temperature (soldering 10 sec)—300°C
Currentinto any pin—10 mA

Operating temperature range—-25 to +85°C
Package power dissipation (T 5 = 25°C)—500 mW

Ta = 25°C unless otherwise Indicated.

SYMBOL PARAMETER TEST CONDITIONS  MIN TYP MAX UNIT

Vos Input offset voltage TA=25°C i t 10 uv

V Average temperature  -25°C £ T < 85°C 0.3 V/°C

os/T coefﬁcgent of?neput A *

offset voltage

B Average input TA=25°C 30 100 pA
bias current -25°C < Tp <85°C 10 nA

los Average input Ta=26°C 50 100 pA
offset currant 7 7

en Input voltage 0.1t01.0Hz 0.2 Vp.
nopise g Rg<100Q ,“ PP

en Input voltage 0.1t010Hz 0.8 HVp.p
noise Rg <100Q , ,

CMRR Common-mode V§<Voms<V§-2Vv | 120 140 dB
rejection ratio B

CMVR Common-mode V§ vg-20 | V
voltage range
Open-loo R =10kQ - 120 140 . dB

AoL vo?t%ge ggin V(L) =10V

Vout Outputvoltage RL=10ka Vg +1V vg-12M v
swing 7

BW Closed-loop Closed-loop gain 0.5 MHz
bandwidth =+1

SR Slew rate R =10kQ 0.5 Vius

Cp =50pf

PSRR Power supply Vg=£5Vtox15V 120 140 dB
rejection rate )

Vs Operating supply (See note) +35V z16V | V
voltage range 7

Is Quiescent supply Vg=+15V 1.0 15 mA

Note: Single supply operation: Vg =47 to +32 V.
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Theory of Operation

Figure 1 shows the major elements of the
TSC76HV52, There are two amplifiers: the main
(slgna) amplifer and the nulling amplifier. Both have
offset nulling capability. The main amplifier is always
connected to the autput. The nulling amplifier
alternately samples and adjusts its own offset, and
then the offset of the main amplifier.

A two-phase operation nulls the main
amptifier. During the first phase the A pair of
switches closes, while the B switches open. The
nulling amp's inputs are shorted and its output is fed
back to the nulling input. Capacitor Cp chargestoa

“voltage which will maintain the nulling amp in its
nuiled state.

During the second phase the B switches
close and the A switches open. The nulling amp’s
inputs now sample the offset voltage of the main
amp. The nulling amp drives the main amp's nulling
input to cancel the main amplifier's offset voltage.
Capacitor Cp stores the nulling voitage of the main
amplifier while the nulling amp is being nulled on the
next cycle.

The TSC76MHV52 design also incorporates an
additional output buffer stage. The buffer provides a
fow impedance output traditionatly associated with
bipolar op amps. Some CMOS chopper-stabilized
amplifiers such as the 7650 have a high output

impedance which makes opsn-loop gain proportional
to load resistance. The TSC76HV52 open-loop gain
is not dependent on load resistance.

Pin Compatibility

Since the TSC76HV52 operates from the same
+15V power supplies as bipolar op amps, upgrading
existing circuits is simple. The bipolar op amp's nulling
and compensation components are removed and the
TSC76HV52 nulling capacitors are added.

On the 8-pin mini-DIP TSC76HV52 the external
null storagae capacifars are connected to pins 1 and
8. Onmost other oper'ational amplifiers these are
either left open or used for offset potentiometer or
compensation capacitor connections.

For OP05 and QP07 aperational amplifiers,
replacing the offset null pot between pins 1 and 8 with
two capacitors from the pins to Vg will convert the
OP05/07 pin configuration for TSC76HV52 operation.
The 741 Is easily upgraded by removing the nulling pot
between pin 4 and pins 1 and 5, then conecting
capagitors from pin 4 to pins 1 and 8. For LM108
devices the compensation capacitor is replaced by the
external nulling capacitors. The LM101/748/749
pinouts are modified similarly by also removing any
circuit conections to pin 5. On the TSC76HV52pin5is
the output clamp connectian. Other operational
amplifiers may use this pin as an offset or
compenation point.

Figure 1: TSC76HV52 contains nulling and main amplifiers. Offset correction voltages

are stored on two external capacitors.
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The minor modifications needed to retrofit a
TSC76HV52 into existing sockets make prototyping
and circuit evaluation straightforward.

Nulling Capacitors

The offset voltage correction capacitors are
conected to Cp and Cg. The common capacitor
connection Is made to Vg (pin 4) on the 8-pin
packages and to capacitor return (CR, pin 8) on the
14-pin packages. The common connection should
be made through sither a separate PC trace or wire
to avoid voitage drops. Internally, Vg is connected
toCp.

Component Selection

The two required capacitors, Ca and Cp,
have optimum values depending on the clock or
chopping frequency. For the preset internal clock,
the correct value is 0.1 uF, To maintain the same
relationship between the chopping frequency and
the nulling time constant, the capacitor valugs
should be scaled in proportion to the external clock if
used. High quality film-type capacitors such as
mylar are preferred. Ceramic or other lower-grade
capacitors may be suitable in some applications.
For fast setting oninitial turn-on, low dielectric
absorprion capacitors (such as polypropylene)
should be used. With.cerami¢ capagcitors, several

sgoonds may be required to settleé to 1 uV. Not
recommended are 25 V ceramics.

Figure 2: Nulling bapacitor connection

ca Cg

14 PIN PACKAGE

BPINPACKAGE

{PIN 8IS CONNECTED.TO
PIN 7 INTERNALLY)

Clock Operation

The internal oscillator is set for a 1,000 Hz
nominal frequency on both the 8- and 14-pin dual-in-
line packages. With the 14-pin DIP TSC76HV52, the
250 Hz internal chopping frequency is available at
the internal clock output (pin 12). A 1,000 Hz
nominal signal will be present at the external clock
input pin (pin 13) with INT/EXT high or open. This is
the internal clock signal before a divide by four
operation.

The 14-pin DIP device can be driven by an
external clock. The INT/EXT input (pin 14) has an
internal pull-up and may be left open for internal
clack operation. If an external clock is used,
INT/EXT must be tied to Vg (pin 7) fo disable the
internal clock. The external clock signal is applied to
the external clock input (pin 13). :

The external clock amplitude should swing
between Vg and ground for power supplies upto + 6 V
and between Vg and Vg - 6 V for higher supply
voitages. When the external clock Is generated by
+ 5 Vloglc, capacitive coupling to pin 13 (through a
0.1 uF capacitor) provides adequate drive.

Atlow frequencies the external clock duty
cycle is not critical since an internal divide by four
gives the desired 50% switching duty cycle. The
offset storage correction capacitors are charged
only when the external clock input is high. A50to
80% external clock positive duty cycle is desired for
frequencles above 500 Hz to guarantee transierits
settle before the internal switches open.

The external clock input can also be used as

* astrobe input. If a strobe signal is connected at the

external clock input so that it is low during the time
an overload signal is applied, neither capacitor wilbe
charged. This function can be used to prevent input
transients from overloading the nulling circuitry. The
leakage currents at the capacitor pins are very low,
so offset voltage dirft during strobe operationis
minimized.

Output Clamp

Chopper-stabilized systems can exhibit long
recovery times from overloads. Ifthe outputis
driven to elther supply, output saturation occurs.
The inputs are no longer-held at virtual ground. The
Vos nullcircuit treats the differential signal as an
offset and tries to correct it by charging the externat
capacitors. The nulling circuit also saturates. Once
the input signal returns to normal, the repsonse time
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is lengthened by the long recovery time of the nulling
amplifier and external capacitors.

Through an external clamp connection, the
TSC76HV52 eliminates the overload recovery
problem by reducing the teedback network gain °
before the output voltage reaches either supply rail,

The output clamp circuit is shown in Figure 3
withn typical inverting and non-inverlig circuit
conections shown in Figures 4 and 5. For the clamp
to be fully effective, the impedance across the

clamp output should be greater than 100 k Q.
When the clamp is used, the clamp OFF

leakage will add to input bias current. However,
clamp leakage in the OFF state is typically only 1 pA.

Figure 3: Internal clamp circuit

INTERNAL °
l POSITIVE CLAMP BIAS » V¥ — V3 = V¥ -0V
P CHANNEL

0 QUTPUT
CLAMP
PIN
. N CHANNEL
INTERNAL
NEGATIVE CLAMP BIAS ~ V=4 Vy
. sv-+07V
—0 TSC315
QUTPUT
PIN

Input Blas Current

"The TSC76HV52 inputs are never
disconnected from the main intemal amplifier. The
null amplifier samples the input offset voltage and
corrects DC errors and drift by storing compensating
voltages on external capacitors. The sampling
causes, however, charge transfer at the inputs.

The impulse current is not usually a problem
because the amount of charge transferred is very
small. Care should be exercised, however, when
replacing high input bias current bipolar op amps.
Conventional design practice is to cancel bias
current by matching the input impedances (Figure
6A). the TSC76HV52 has an input bias current of

anly 100 pA maximum so the additional resistor is
not necessary. In fact, including the resistor will
make the charge injection current, passing through
the impedance balancing resistor, appear as a noise
source. When replacing an existing op amp with the
TSC76HV52, aither omit the resistor or bypassitto
ground with a capacitor (Figure 6B).

Figure 4: Non-inverting amplifier
with optional clamp

Q.1uF

*CONNECT TO V5
ONS8PINDIP

INPUT i}

TSC76HVS2

CLMP]

R3 + (R1/R2) > 100kt
FOR FULL CLAMP EFFECT

Figure 5: Inverting amplifier

with optional clamp
A2
Ri | cLme
INPUT <o

TSC76HV62

[

b ouTPUT

{Ry [l Ry} > 100k

= FOR FULL CLAMP EFFECT
CONNEGT CAPACITORS TO
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Figure 6: Input bias curve cancellation
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Typical Characteristic Curves’

Supply Current Input Offset Voltage vs Gain and Phase

13-83

vs + Supply Voltage Common-Mode Voltage vs Frequency
1400 T ] e w1 - 50| 1 d T as
;2929!52 *Tscnﬂvs'z CLOSED-LOOR GAIN = 100 *'j =
- 1200 A 2 Vg=1i5V 40 TSCT8HYS2 1] 180
- / s TaA>&C I
3 GAIN |
g 1000 —— g 25 30 = i 136
2 K
g o . 3 20 E20 4 o0
£ —— 2 : PHASE I NI
o Hd 4 i i
600 &1 oW 1145
g : *« H [
o 400 gm [} j L1 [}
= Lot e
20 5 O 10 -5
et
[ . - [} ~200 11} . -%0
0 10 12 14 16 18 20 ~15 =12 -9 -8 -3 +3 48 49 #12 41 100 He 1k 10k A0k 1MHz
£ SUPPLY VOLTAGE (V) INPUT COMMON-MODE VOLTAGE FREQUENCY (Hz)



QUTPUT VOLTAGE SWING (V)

TSC76HV52

TELEDYNE COMPONENTS

28E D WM 8917k0c 0005927 T WA

NEW PRODUCT INFORMATION

T-79-23

Typical Characteristic Curves (continued)
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