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HIGH-VOLTAGE, AUTO-ZEROED OPERATIONAL AMPLIFIERS

FEATURES
B High-Voltage Operation .............c..ccoceververemnnnn. +15V
B Low Offset Voltage ......... 5 pV Max
W Low Offset Voltage Drift ....0.1 pv/eC
B Low Input Bias Current......... .30 pA Max
B High Open-Loop Voltage Gain ................c.... 140 dB
B Wide Common-Mode Voltage

Range .....cccoveerimeremrriee e —-15V to +13V
B Low Input Voltage Noise

(0.t Hzto 1 HZ) o e 0.2 uVpp
B Low Supply Current ........cocevimvieeniieeeccen 1 mA
B Single Supply Operation .........c..cceueune.. 7V to 32V
B Output Clamp Speeds Overload Recovery Time

FUNCTIONAL DIAGRAM

GENERAL DESCRIPTION

The TC9420 and TC9421 are high-voltage, high-
performance, CMOS chopper-stabilized operational ampli-
fiers. They can operate from the same +15V power sup-
plies as commonly used to power bipolar op-amps, such as
the OP07 and OP741. Previous CMOS chopper amplifiers,
such as the 7650, were limited to operating from +7.5V
supplies.

Maximum Vos for the TC9420/TC9421 is only 5 uV,
almost a factor of 14 improvement over the industry-stan-
dard OPO7E. The maximum Vpg drift of 0.1 uV/°C is 12
times less than the OPO7E. Input bias and offset currents,
both only 30 pA maximum, are factors of 60 improvements.

Cp=Cpg=0.1pF
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in addition to low initial offset errors, the nulling circuitry
ensures excellent performance over time and temperature.
Long-term drift, which results in periodic recalibration, is
effectively eliminated. The nulling circuitry continues to oper-
ate overthe fulltemperature range, whereas laserand “zener
zap" trimming are only done at a single temperature. The
resultis asignificant decrease intemperature-induced errors.

The TC9420/TC9421 operate from dual or single power
supplies. Supply current is typically 1 mA with +15V supplies.
Single supply operation extends from +7V to +32V, and the
input common-mode range extends to V™. For battery op-
eration, see the low-power TC900 data sheet.

The TC9420/TC9421 open-loop gain is 120 dB mini-
mum. Unlike the 7650, the TC9420/TC9421 gain is inde-
pendent of load resistance. The low impedance output will
drive a 10 kQ load to +14V. An output clamp circuit is
provided to minimize overload recovery time.

The TC9420/TC9421 use two amplifiers to correct off-
set voltage errors. A main amplifier is always in the signal
path, which prevents switching spikes at the output. A
separate nulling amplifier alternately corrects its own Vos
error. 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 TC9420/TC9421 are pin compatible with Maxim's
MAX 420/421.

ORDERING INFORMATION
Temperature Max

Part No. Package Range Vos

TC9420CPA 8-Pin 0°C to +70°C 10uVv
Plastic DIP

TC9420EJA 8-Pin —40°C to +85°C s5uv
CerDIP

TC9420EPA B-Pin -40°C to +85°C 5pV
Plastic DIP

TC9421CPD 14-Pin 0°C to +70°C 10pV
Plastic DIP

TC9421EJD 14-Pin —40°C to +85°C 5uv
CerDIP

TC9421EPD 14-Pin -40°C to +85°C 5uV
Plastic DIP
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PIN CONFIGURATIONS

calt]e 8] cg
aweut2] g0 [F]ve
@ neut[3| TC9420 67 outpuT
v [4] 5] crer
cgli]e T 14| INT/EXT
B
EXTERNAL GLOCK
Ca[2] 13] inpuT
NC (GUARD) [3 2 |2 INTERNAL cLOCK
) INPUT E TC9421 E vg
+)INPUT 5] [10] outpuT
NC (GUARD) [6 | 9] outpuT cLAMP
vs[7] 8] CRet

NC = NO INTERNAL CONNECTION

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (Vs* to Vg7)
Input Voltage (Vs* + 0.3V) to (Vs~—0.3V)
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 sec) ..................
Current Into Any Pin
Operating Temperature Range

CDeviCe ..ot 0°C to +70°C

E Device....... —40°C to +85°C
Package Power Dissipation (Ta = +25°C)

CerDIP Package .........ccocovveveneceiciecec 500 mW

Plastic Package ............cccoivviveiairiererenne 375 mW

Static-sensitive device. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields. Stresses
above those listed under "Absolute Maximum Ratings" may cause perma-
nent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those
indicated in the operation sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.
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TC9420
TC9421
ELECTRICAL CHARACTERISTICS: Vst =15V, Vg~ =15V, Ta = +25°C. Test circuit unless noted.
Symbol Parameter Test Conditions Min Typ Max | Unit
Vos Input Offset Voltage Ta = +25°C C +1 +10 uv
E +1 5 uv
Over Temperature Range C +2 +20 pnv
E +2 +10 ny
AVos Average Temperature Over Temperature Range E 0.02 0.1 puv/ec
AT Coefficient of Input
Offset Voltage
g Input Bias Current Ta = +25°C C 10 100 pA
E 10 30 pA
Over Temperature Range C 30 pA
E 35 pA
los Input Oftset Current Ta = +25°C o] 15 200 pA
E 15 60 pA
Over Temperature Range C 30 pA
E 50 pA
Rin Input Resistance 1012 Q
Avor Large Signal Voltage RL =10 kQ, VouTr = 210V, Ty = +25°C 120 150 dB
Gain Over Temperature Range 120 150 dB
Vour Output Voltage Swing CLAMP Not Connected RL=10kQ +12 +14.5 \
RL = 100 kQQ +14.95 \
CMVR Common-Mode +12,-15 | +13, -15.1 \
Voltage Range
CMRR Common-Mode CMVR = +12Vto -15V 120 140 dB
Rejection Ratio Over Temperature Range
PSRR Power Supply +3V to £16.5V Over 120 140 dB
Rejection Ratio Temperature Range
eN Input Noise Voltage Rs = 100Q DCto 1 Hz 0.3 uVp.p
(Peak-to-Psak Value Not DCto 10 Hz 1.1 KVe.p
Exceeded 95% of Time)
In Input Noise Current f=10Hz 0.01 pANHzZ
uGBw Unity-Gain Bandwidth 500 kHz
sr Slew Rate C_ =50pF, R.=10kQ 0.5 Vius
g Rise Time 0.7 us
Overshoot 20 %
Vst, Vg~ Operating Supply Range +2.5 165} V
{Note 1)
Is Supply Current No Load, Ta = +25°C 1.3 2 mA
Over Temperature Range 35 mA
fou Internal Chopping Pins 12-14 Open (TC9421) 250 Hz
Frequency
Clamp ON Current Ry =100 kQ 25 100 uA
Clamp OFF Current 10V =< Voyur < +10V 1 pA
Offset Voltage vs Time 100 nVAMo
NOTES: 1. Single supply operation: Vg* = +7V to +32V.
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Theory of Operation

Figure 1 shows the major elements of the TC9420/
TC9421. There are two amplifiers: the main (signal) ampli-
fier and the nulling amplifier. Both have offset nulling capa-
bility. The main amplifier is always connected to the output.
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 amplifier. During
the first phase, the A pair of switches close, while the B
switches open. Thennullingamp's inputs are shorted and its
output is fed back to the nulling input. Capacitor C charges
to a voltage which will maintain the nulling amp in its nulled
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 Cg stores the nulling voltage of the main
amplifier while the nulling amp is being nulled on the next
cycle.

The TC9420/TC9421 design also incorporates an addi-
tional output buffer stage. The buffer provides a low imped-
ance output traditionally associated with bipolar op amps.
Some CMOS chopper-stabilized amplifiers, such as the
7650, have a high output impedance which makes open-loop
gain proportional to load resistance. The TC9420/TC9421
open-loop gain is not dependent on load resistance.

Pin Compatibility

Since the TC9420/9421 operate from the same +15V
power supplies as bipolar op amps, upgrading existing

circuits is simple. The bipolar op amp's nulling and compen-
sation components are removed, and the TC9420/TC9421
nuiling capacitors are added.

On the 8-pin mini-DIP (TC9420), the external null stor-
age capacitors are connected to pins 1 and 8. On most other
op amps they are left open or used for offset potentiometer
or compensation capacitor connections.

For OP05 and OPO07 operational amplifiers, replacing
the offset null pot between pins 1 and 8 with two capacitors
from the pins to Crer will convert the OP05/07 pin con-
figuration for TC9420 operation. The 741 is easily up-
graded by removing the nulling pot between pin 4 and pins
1 and 5, then connecting capacitors from pin 4 to pins 1
and 8. For LM108 devices, the compensation capacitor is
replaced by the external nulling capacitors. The LM101/
748/709 pinouts are modified similarly by also removing
any circuit connections to pin 5.

The minor modifications needed to retrofit a TC9420
into existing sockets make prototyping and circuit verifica-
tion straightforward.

Nulling Capacitors

The offset voltage correction capacitors are connected
to Ca and Cg. The common capacitor connection is made to
Crer (pin 5) on the 8-pin packages and to capacitor return
(CreT, pin 8) on the 14-pin packages. The common con-
nection should be made through either a separate pc trace
or wire to avoid voltage drops.

Internally, Vs~ is connected to Cprer.

Ca and Cg should be 0.1 pF film capacitors. Mylar
capacitors are suitable.

ANALOG
v+ NPUT .
8
LL
- AMPLIFIER
TC9420 -
TC9421 A
i > Tnu

MAIN
AMPLIFIER

—O OUTPUT

[~

LOW IMPEDANCE
BUFFER

B
A 6 EXTERNAL

[+
—g CAPACITORS
e

Figure 1. TC9420/TC9421 Contain a Nulling and Main Amplifier. Offset Correction Voltages Are Stored on Two External Capacitors.
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TC9420
TC9421

AN
TC9421

€A CB Car Cg

14-PIN PACKAGE 8-PIN PACKAGE

(PIN 8 1S INTERNALLY
CONNECTED TO PIN 7)

Figure 2. Nulling Capacitor Connection

Component Selection

The two required capacitors, Ca and Cg, 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 nulling time constant, the capacitor values
should be scaled in proportion to the external clock, if used.
High-quality film-type capacitors (such as Mylar) are pre-
ferred. Ceramic or other lower-grade capacitors may be
suitable in some applications. For fast settling on initial turn-
on, low dielectric absorption capacitors (such as polypro-
pylene) should be used. With ceramic capacitors, several
seconds may be required to settle to 1 uV.

Clock Operation

The internal oscillator is set for a 1000 Hz nominal
frequency onboth the 8-pin and 14-pin DIPs. With the 14-pin
DIP (TC9421), the 250-Hz internal frequency is available at
the internal clock output (pin 12). A 1000 Hz nominal signal
will be present at the external clock input (pin 13) with INT/
EXT high or open. This is the internal clock signal before a
+4 operation.

The 14-pin 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 clock operation. If an external clock
is used, INT/EXT must be tied to Vs~ (pin 7) to 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 up to 6V, and between Vg*
and Vg* —6V for higher supply voltages. When the external
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clockis generated by +5V logic, capacitive coupling to pin 13
(through a 0.1 pF capacitor) will provide adequate drive.

At low frequencies, the external clock duty cycle is not
critical, since an internal =4 gives the desired 50% switching
duty cycle. The offset storage correction capacitors are
charged only when the external clock input is high. A 50% to
80% external clock positive duty cycle is desired for frequen-
cies above 500 Hz to guarantee transients settle before the
internal switches open.

The external clock input can also be used as a strobe
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 will be charged. This function can
be used to prevent input transients from overloading the
nufling circuitry. Leakage currents at the capacitor pins are
very low, so offset voltage drift during strobe operation is
minimized.

Output Clamp

Chopper-stabilized systems can show long recovery
times from overloads. If the output is driven to either supply
rail, output saturation occurs. The inputs are no longer held
at a "virtual ground." The Vog null circuit treats the differ-
ential signal as an offsetand tries to correct it by charging the
external capacitors. The nulling circuit also saturates. Once
the input signal returns to normal, response time is length-
ened by the long recovery time of the nulling amplifier and
external capacitors.

Through an external clamp connection, the TC9421
eliminates the overload recovery problem by reducing the
feedback network gain before the output voltage reaches
either supply rail.

The output clamp circuit is shown in Figure 3, with
typical inverting and noninverting circuit connections shown
in Figures 4 and 5. For the clamp to be fully effective, the
impedance across the clamp output should be >100 kQ.

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.

Input Bias Current

The TC9420/TC9421 are never disconnected from the
main internal amplifier. The null amplifier samples the input
offset voltage and corrects DC errors and drift by storing
compensating voltages on external capacitors. The sam-
pling, however, causes 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 TC9420/TC9421 have input bias current of
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O INTERNAL R +
POSITIVE CLAMP BIAS ~ Vg -V ~ V- 0.7V

—L— P-CHANNEL

o OUTPUT
CLAMP PIN

—71— N-CHANNEL

INTERNAL _
NEGATIVE CLAMP BIAS ~ Vg + Vy

o ~ Vg +0.7V

-0 TC9420/TC9421
OUTPUT PIN

Figure 3. Internal Clamp Circuit

0.1 uF 0.1 yF

n"
TC9420
TC9421

OUTPUT

Ry +(Ry/Ry) = 100k
FOR FULL CLAMP EFFECT

Figure 4. Noninverting Amplifier With Optional Clamp

Ry

AR

TC9%420

Ry TC9421

INPUT OUTPUT

(Ry || Rp) = 100 kQ

FOR FULL CLAMP
EFFECT

0.1 pF 0.1 pF

Figure 5. Inverting Amplifier With Optional Clamp
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only 100 pA maximum, so the additional resistor is not
necessary. In fact, including the resistor makes the charge
injection current, passing through the impedance-balancing
resistor, appear as a noise source. When replacing an
existing op amp with the TC9420/TC9421, omit the resistor
or bypass it to ground with a capacitor (Figure 6b).

Latch-Up Avoidance

Junction-isolated CMOS circuits inherently include a
parasitic 4-layer (p-n-p-n) structure which has characteris-
tics similar to an SCR. Under certain circumstances, this
junction may be triggered into a low-impedance state, re-
sulting in excessive supply current. To avoid this condition,
voltages greater than 0.3V beyond the supply rails should
not be applied to any pin. In general, the amplifier supplies
must be established at the same time or before any input
signals are applied. If this is not possible, the drive circuits
must limit input current flow to under 0.1 mA to avoid latch-
up.

Static Protection

All device pins are static-protected. Strong static fields
and discharges should be avoided, however, as they can
degrade diode junction characteristics and increase input-
leakage currents.

Many companies are actively involved in providing
services, eductional materials, and supplies to aid electronic
manufacturers in establishing "static safe" work areas where
CMOS components are handled. A partial company listing
is:

*3M
Static Control Systems Division
223-25W EM Center
St. Paul, MN 55101
(800) 792-1072

* Semtronics
P.O. Box 592
Martinsville, NJ 08836
(210) 561-9520
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TC9420
TC9421
+15V Tc‘.
15V 9420
OFFSET H *
Rg NULLING Rg
INPUT O——AAA—e—2 INPUT O—AAA——2
Ig = 100 nA MAX Ig = 100 pA MAX
Rs *Rg [ o Rl
Rg+Rp = 3 A
s+Rp {7—'\;‘\/\F— W 0.1 pF
FREQUENCY f AV OFFSET
BIAS CURRENT COMPENSATION
RESISTOR Tco1s
(a) High-Input Bias Current Op Amp (b) Low-Input Bias Current (TC9420)
Figure 6. Input Bias Current Cancellation
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TC9420
TC9421
TYPICAL CHARACTERISTICS CURVES (Cont.)
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TC9420
TC9421
TYPICAL CHARACTERISTICS CURVES (Cont.)
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