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General Description

The Maxim ICL7852 is a chopper-stabilized amplifier,
ideal for applications requiring low-level signal ampli-
fication and conditioning. This device offers distinct
performance advantages over the ICL7650, including
improved noise performance and a wider common-
mode input voltage range. The bandwidth and slew
rate are slightly reduced.

The ICL78652 virtually eliminates the Vaos error term in
system error calculations, eliminating the reliability and
cost problems associated with potentiometer adjust-
ments. In addition, the 0.01uW"*° C Vosdrift specification
and the excellent long term offset stability eliminate the
need for periodic Vos trimming.

The offset nulling circuit for the B-lead ICL7652 is con-
trolled by an internal oscillator circuit. The 14-lead version
offers the capability of connecting an external oscillator
to control the Vos nulling operation. The 14-lead
device has an output voltage clamp circuit to minimize
overload recovery time.

e Applications

The ICL7652 is ideal for all preamplifier circuit appli-
cations where low offset voltage is critical and periodic
adjustment of the offset is difficult or inaccessible.

Precision Amplifier

Instrumentation Amplifier

Thermocouple Amplifier

Thermistor Amplifier

Strain Gauge Amplifier

__________ Typical Operating Circuit

INFUT DA

Inverting Amplifier
with Optional Clamp

{Detailed Circuit Diagram — Figure 5)

VA X1/

Chopper Stabilized
Operational Amplifier

Features

¢ Improved 2nd Sourcel (See 3rd page for
“Maxim Advantage™).

Low Input Noise Voltage 0.2 Vp-p(DC-1Hz)
Low Offset Voltage: 5V Max,

Low DC Input Bias Current: 30pA Max.
High Gain, CMRR and PSRR (110dB Min.)
Compensated for Unity Gain Operation

Excellent Term Offset Stability
(<100nV/+/month)

+ Monolithic, Low Power CMOS Design

- > - > > >

Ordering Information

PART TEMP RANGE PACKAGE
ICLTB52CPA 0°C 1o +70°C 8 Lead Plastic DIP
ICLTB52CPD 0°C to +70°C 14 Lead Plastic DIP
ICLT8S2CTV 0°C to +70°C TO-39 Metal Can
ICLTBS21JA, -20°C to +85°C 8 Lead CERDIP
ICLTES21JD -20°C to +85°C 14 Lead CERDIP
ICLTBS21TV -20°C to +B5°C TO-99 Metal Can
ICLT852C/D 0°C to +70°C Dice
ICL7TB52CWE 0°C to +70°C 18 Lead Wida S.0.

MNOTE: All devices listed above are available in B versions. Ordar
part number ICLTES28 _ - _ .

Pin Configurations

Top View

Cis ] iNTERT
(] EXT CLe N

T CLK QT

3| MAaKLaa .
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NPT 0] OuUTPUT

] QUTPUT CLAMP

v [E] Gar

NC N INTERMAL T WNFT TILN

The “Maxim Advantage™" signifies an upgraded qualify fevel. Af no additional cost we offer & second-source device that is subject o the fallowing:
guarantaed performance over lempearalure along with tighter test specifications on many key parameters.; and device enhancements, when needad, that result

in improved performance without changing the functonaiity.

MAXIM

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V' 1OV ..iiiiiiiiiiinneeans 18V Current into ANy Pin ....ccvvvviiienininninnsieaa. 10MA
Input Voltage ...........cccuuu (V'+03)to (V -0.3) V — while operating (Note d) .......cciivinnininns 100uA
Storage Temperature Range ............ -65°C to 160°C Continuous Total Power Dissipation (Ta = +25°C)

Operating Temperature Range .............. See Note 1 CERDIP Package (Maxim) .............. oo, S00MW
Lead Temperature (Soldering, 10sec) ........... 300°C Plastic PAckage ..........c.oovveevinninnains 375mwW
Violtage on Qscillator Control Pins .............. Vito V- TO-99 Metal Can - ..vooereeseenneenns 250mW
Duration of Qutput Short Circuit ............. Indefinite C PR o o e e 350mW

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are sfress ratings anly and
functional operation of the device al these or any other conditions above those indicated in the operational sections of the specifications is not implied.
Exposure to absolute maximum rafing conditions for extended periods may affect device refiabiiity,

ELECTRICAL CHARACTERISTICS - ICL7652
(VW= +5V, V" = -5V, Ta = +25°C, Test circuit unless noted)

PARAMETER SYMBOL CONDITIONS MIN. TYR MAX. umNIT
Input Offset Voltage Vos Ta=+25*C 0.7 +5
Over Operating Temperature 10 KV
Range (Mote 1)
Average Temparature .
m:ﬁm;:; Input -E%".?i H‘:’::::'{'EDETJW“'”” 0.01 0.05 wVPC
Input Bias Current laias Ta=+25"C 15
iﬁ::f*;;g“\“ 10°C above 0°C=Ta=+70°C 35 pA
=20°C = T < +B5°C 100
Input CHiset Current los Ta=+25°C 25 B0 pA
Input Resistance Rin 0% n
Large Signal Voltage Gain Avol Ry = 10k}, Vour = +4V, 120 150 dB8
Cutput Voltage Swing (Note 3) Vour Ry = 10k(} +47 +4.85 v
Ry = 100k +4.95
Common-Mode Voltage Range CMVA -43 |-4B81t0+40 a5 ¥
Commaon-Mode Rejection Ratio CMRR CMVR = -4.3V 1o +3.5V 110 130 dB
Power Supply Rejection Ratio PSRR 3V o £BY 110 130 dB
Input MNoise Voltage ©fpp Rs = 10001, DC to 1Hz 02 s
DC to 10Hz 0.7
Input Noise Current in f=10Hz oD pA.-'\,-"FE_
Uinity-Gain Bandwidth GBwW 0.45 MHz
Slew Rate SA Cy = 50pF, AL = 10k(] 0.5 Vs
Risa Time tr 0.8 s
Owershoot 20 %
Operating Supply Range VoV 50 16 v
Supply Current Isyep Mo Load 20 3.5 ma,
Internal Chopping Frequency fen Pins 12-14 Open (DIP) 400 Hz
Clamp ON Current {Mote 2) AL = 100k} 25 100 .3
Clamp OFF Current (Mote 2) =40V < Voyr < +4.0V 1 pA
Offset Voltage vs Time 100 nwv'mﬁ

Note 1: Operaling temperature range for | series parts is -20°C 1o +85°C, for C series is 0°C to =70°C
Note 2 See OUTPUT CLAMP under detailed description

Note 3: OUTPUT CLAMP not connected. See typical characterisbics curves for oulput swing vs. clamp current characteristics
Note & Limiting input current 1o 100u4 is recommended to avoid latch-up problems. Typically 1mA is safe, howsaver this not guarantead,

The elecirical charactaristics above are a reproduchion of a porfion of Intersil's copyrighted ( 1983/1984) data book. This infarmation does not conshilute any
representatran by Maxim that Intersil's products will perform in accordance with these specifications. The "Electrical Characteristics Table™ along with the
descriptive axcarnpls from manufaciurer’s data shee! have been included in this data sheel sofely for comparative purposes.

MAXIV
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ADVANTAGE™

Chopper Stabilized
Operational Amplifier

* Key Parameters Guaranteed Over Temperature + Improved ESD Protection (Note 5)
+ Lower Supply Current ¢ Maxim Quality and Reliability

ABSOLUTE MAXIMUM RATINGS This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTRICAL CHARACTERISTICS The ICLT852 specitications balow satisfy or exceed all “tested” parameters on adjacent
page. (V°=+58V V" =-5\ T, = +25°C, Test circuit, uniess noted.)

PARAMETER SYMBOL CONDITIONS MiIN. TYR MAX. UNITS
Ty = 425°C HT 50
ICLTB52 — Owver Temperature Range 10
ICLTE528 (balow) My
Avarage Temperatuns ICL7852 — Over Temparature Range om 005
Coeffichent of input av ICLTES2B (balow)
Offfsat Voltage [Noto 1) =7 -20°C =Ty < +40°C 0o 0.05 AW C
-20°C =T, = +70°C (Note 1, 7) oo o1
+TO"C =T, = +85°C (Note 1, 7) a1 05
Ta=+25°C 15 30
pA
Input Resistance Ain 101 0
Ry = 10k(1, Vour = 14V, Ta = +26°C 120 150 =
d
=1 +4.7 +4 B5
Output Voltage Swing (Note3) | Vour | A" 2 Joam e
CMVRA = -4 3V to +3.5V, Ta = +25°C 110 130 4B
43V to 2BV, Ta = +25°C 110 130 48
) As = 10011, DC to THz 02 v
Input Noise Voltage Bnpp OC 1o 10Hz 07 H¥pp
Input Noise Current In f=10Hz om pA/Hz
Linity-Gain Bandwidth GBW 045 MHz
Slew Rate SR Gy = 50pF, AL = 10k} 0s Wus
Rise Time ir 0.8 HE
Owvershoot 20 %
Operating Supply Range Vito v 50 16 v
mA
Internal Chopping Frequency fen Pins 12-14 Open (DIP) 400 Hz
Clamp ON Current (Note 2) Ry = 100k 25 100 A
Clamp OFF Current {Note 2) -4V = Voyr = +4.0V 1 P
QOffset Voltage vs Time 100 nv/+/month

Mote 1: ?plll‘ﬂ*:loﬂﬂhﬂ'llllﬂmm range for “I” serles parts s -20°C to =B85°C, for C senes is 0°C to +70° C. This parameter is guaranteed by test
MNote 22 Sea OUTPUT CLAMP under detailed description.

Mote 3:  OUTPUT CLAMP not connectad. See typical characteristics curves for oulpul swing vs. clamp current characteristics.

Mote &:  Limiting input current to 100zA |s recommended to svoid latch-up problems. Typlcally 1mA |s sale, however this is not guarantesd
Mote 5 All pins are designed 1o withstand electrostatic discharge (ESD) levels in excess of 2000V, (Mil S1d BB38, Method 30151 Test Circuit.)
Mote 8 log= 2 - lgias

Mote 7:  With Cgyys = Cpyrp = 10sF

MAXIN 3
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Figure 1. Maxim ICL 7852 Test Circuit

_____ Detailed Description

Amplifier

Figure 2 shows the major elements of the ICL7652. Two
amplifiers are illustrated, the main amplifier and the
nulling amplifier, both have offset-null capability. The
main amplifier is connected full-time from the input to
the output. The nulling amplifier, under the control of
the chopping frequency oscillator and clock circuit,
alternately nulls itseif and the main amplifier. The
nulling arrangement, which is independent of the
output level, operates over the full power supply and
common mode ranges. This device exhibits excep-
tionally high CMRR, PSRR and AyoL. The nulling
connections, which are MOSFET back gates, have
inherently high impedance. The two external capac-
itors provide the required storage of the nulling
potentials and the necessary nulling-loop time
constants.

The chopper frequency charge injection at the input
terminals is minimized by careful balance of the input
switches. The feed forward-type injection into the
compensation capacitor is also minimized. This is the
main cause of spikes at the output in this type of circuit.

Output Clamp

This pin allows for reduction of the overload recovery
time inherent with chopper-stabilized amplifiers. When
tied to the summing junction, or to the inverting input
pin, a current path between this point and the output
occurs just before the output device saturates. This
avoids uncontrolled input differential and the con-
sequent charge build-up on the correction-storage
capacitors. There is only a slight reduction in the
output swing.

Figure 2. Maxim (CL7652 Block Diagram

Intermodulation

The effects of intermodulation between chopper
frequency and input signals have been a problem with
previous chopper stabilized amplifiers, These effects
are presant because the finite AC gain of the amplifier
necessitates a small AC signal at the input. This is
detected by the zeroing circuit as an error signal. This
signal is chopped and fed back, thus injecting sum and
difference frequencies. This causes disturbances in the
gain and phase vs. frequency characteristics near the
chopping frequency. These effects are substantially
reduced in the ICLTB52. This reduction is achieved by
feeding the nulling circuit with a dynamic current
which corresponds to the compensation capacitor
current. The intermodulation and gain/phase distur-
bances in the ICL7652 are held to very low values, and
generally can be ignored.

Nulling Capacitor Connection

The Cextaand CexTa pins should be connected to the
null-storage capacitors, with the common connection
made to the CreTn. The outside foil of the capacitors
should be connected to CReTN.

MNMAXIN




Clock Operation

A frequency of 400Hz is generated by the internal
oscillator of the ICL7652. This is available at the CLK
OUT pin on the 14-lead device. The use of an external
clock is also available on these parts. The INT/EXT pin
may be left open for normal operation due to the
internal pull-up. However, the internal clock must be
disabled and this pin must be tied to V- if an external
clock is desired. An external clock signal may then be
applied to the EXT CLK IN pin. The duty cycle of the
external clock is not critical at low frequencies, sincean
internal divide by two provides the desired 50% switch-
ing duty cycle. However, a 50% to 80% positive duty
cycle is preferred for frequencies above 500Hz, since
the capacitors are charged only when EXT CLK IN is
HIGH. This ensures that any transients have time to
settle before the capacitors are turned OFF. The
external clock can swing between V* and GROUND or
V*and V-, and has a logic threshold of about V* - 2.5V,

To avoid a capacitor imbalance during overload, a
strobe signal may be used. Neither capacitor will be
charged if a strobe signal is connected to EXT CLK IN
so that it is low during the time that the overload signal
is applied to the amplifier. A typical amplifier will drift
less than 10u\/s since the leakage of the capacitor pins
is guite low at room temperature. Relatively long
measurements may be made with little change in
offset.

______Applications
Output Stage/Load Driving

The ICL7652 is in some ways like a transconductance
amplifier whose open loop gain is proportional to load
resistance. This behavior is apparent when loads are
less than the high impedance stage of the output
(approximately 18k(1). The open loop gain, for
example, will be 17dB lower with a 1k load than with a
10k {lload. This lower gain is oflittle consequence if the
amplifier is used strictly for DC, since the DC gain is
typically greater than 120dB even with a 1k{l load. For
wideband applications, however, the best frequency
response will be achieved with a load resistor of 10k{}
or higher. The result will be a smooth 6dB/octave res-
ponse from 0.1Hz to 0.5MHz, with phase shifts of less
than 2° in the transition region where the main amplifier
takes over from the null amplifier.

Component Selection

Cextaand Cex1g, the two required external capacitors,
have optimum values depending on the clock or
chopping frequency. The correct value is 0.1 to 1uF for
the preset internal clock frequency. The capacitor
value should be scaled proportionally to the relation-
ship between the chopping frequency and the nulling
time constant if an external clock is used. A ceramic or
other low grade capacitor may prove suitable for many
applications, however, a high-quality film-type capa-
citor such as mylar is preferred. Low dielectric absorp-

MAXIW

Chopper Stabilized
Operational Amplifier

tion capacitors (such as polypropylene) should be
used for lowest settling on initial turn-on. Several
seconds may be required to settle to 1uV with ceramic
capacitors.

Static Profection

Input diodes provide static protection for all device
pins. Strong static fields and discharges, however,
should be avoided, as they can cause degraded diode
junction characteristics which may result in increased
input leakage currents.

Latch-up Avoidance
A parasitic four-layer (p-n-p-n) structure which has
characteristics similar to an SCRis a characteristicofa
junction-isolated CMOS circuit. This junction may be
triggered into a low impedance state under certain
circumstances which results in excessive supply
current. In an effort to avoid this condition, no voltages
greater than 0.3V beyond the supply rails should be
applied to any pin. Generally the amplifier supplies
should be established either at the same time or before
any input signals are applied. However, if this is not
possible, the drive circuits should limit the input current
flow to under TmA to avoid latch-up, even under fault
conditions.

Thermo-electric Effects

Thermo-electric effects developed in thermocouple
junctions of dissimilar metals, alloys, silicon, etc.,
ultimately limit precision DC measurements. Unless all
junctions are at the same temperature, thermoelectric
voltages typically around 0.1 gV/® C, but up to tens of
pW/® Cfor some materials, will be generated, In order to
realize the extremely low offset voltages that the
chopper amplifier can provide it is essential to take
special precautions to avoid temperature gradients. All
components should be shielded from air movement,
especially that caused by power dissipating elements.
Power supply voltages and power dissipation should
be kept to a minimum, and low thermo-electric coeffi-
cient connections should be used where possibie.
Separation from surrounding heat dissipating elements
is advised, and high impedance loads are preferable.

82S9L/2S9L 101
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Input Guarding

Low leakage, high impedance, CMOS inputs allow the
ICL7652 to make measurements of high impedance
sources, Stray leakage paths can decrease input
resistance and increase input currents unless inputs
are guarded. Boards must be thoroughly cleaned with
TCE or alcohol and blown dry with compressed air. The
board should be coated with epoxy or silicone rubber
after cleaning to prevent contamination,

Leakage currents may cause trouble even with properly
cleaned and coated boards, particularly since the input
pins are adjacent to pins that are at supply potentials. A
significant reduction in leakage can be accomplished
by using guarding to lower the voltage difference

between the inputs and adjacent metal runs. By using a
10-lead pin circle, with the leads of the device formed
so that the holes adjacent to the inputs are empty when
it is inserted in the board, input guarding of the 8-lead
TO-99 package is accomplished. A conductive ring
surrounding the inputs, forming a guard, is connected
to a low-impedance point that is approximately the
same voltage as the inputs. The guard then absorbs the
leakage current from the high voltage pins. Typical
guard connections are shown in Figure 3.

The 14-lead DIP configuration has been specifically
designed to ease input guarding. The pins adjacent to
the inputs are not used. ’

EXTERMAL
L] Az - CAPACITORS
BT AP / '5.
nas Wa
\ly
ouTRyT ouTRuT ¢ 3 OUTPLT TRy 8
T .
b ip" ExTERNa W S
e CAPRCITORS ’
T = A
worg 1 A2 BHOULD BE LOW o o
Wi . By WPEDANCE FOR BOITTOM VIEW
AL USE R TO) COMPENSA o :
" TE FOR LARGE BOAAD LAYOLT B T
ICLT852 SOURCE PESISTANCES, OR FOR CLAMS umnpﬁﬂ?m:“
DPFERATION [wea FiG 5) FAlHAGE
INVERTING AMPLIFIER FOLLOWER NOM-BIVERTING AP IFER

Figure 3, Input Guard Connection

Pin Compatibility

The B-pin dip of the ICL7652 generally corresponds to
that of the industry standard 8-pin devices, uAT41,
LM101, etc. However, the external null storage capaci-
tors are connected to pins 1 and 8, whereas on most
operational amplifiers these are left open or used for
offset null or compensation capacitors.

The OP-05 and OP-07 operational amplifiers can also
be converted for ICL7652 operation. This can be
accomplished by replacing the offset-null poten-
tiometer between pins 1 and 8, and V* by two capaci-
tors from those pins to V-, For LM108 pinout devices,
the compensation capacitor is replaced by the external
nulling capacitors.

= Typical Applications

The ICL7652 is the optimal circuit solution whenever
the performance of the system reguires significant
improvements in the reduction of the input offset
voltage and bias currents. Figure Gillustrates the use of
a clamp circuit in a non-inverting amplifier. Since the
clamp circuit forces the inverting input to follow the

input signal, the usual problems in using a chopper-
stabilized amplifier in this application are avoided.

Figures 5 and 6 illustrate basic inverting and non-
inverting amplifier circuits. An output clamping circuit
is used in both circuits to enhance the overload
recovery performance. The supply voltage (+ 8V max)
and the output drive capability (10k{l load for full
swing) are the only limitations on the replacement of
other operational amplifiers by the ICL7652. By using a
simple booster circuit, these limitations may be
overcome (Figure 7). This enables the full output
capabilities of the uA741 (or any other standard device)
to be combined with the input capabilities of the
ICL7652. Because these devices form a composite
amplifier, the loop gain stability should be watched
carefully when the feedback network is added.

The provision for lower supply voltages is required
when interfacing the ICL7652 with circuits that operate
at + 15V supplies. One approach is to use a highly-
efficient voltage divider. This is illustrated in Figure 8
where Maxim's ICL7660 voltage converter is utilized in
a backwards fashion.

MAXIV
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Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

ot |—INCHES MILLIMETERS
"'| [~ D1 MIN | MAX | MIN | MAX
| o [ s N s [ e | A - uzm - E.IDH
Al 0.015 = 0.38 =
A2 | 0.125 0.175 3.18 4.45
A3 | 0055 | 0.080 | 140 | 2.03
B | 0016 | 0.022 | 041 | 056
B1 | 0.050 | 0.065 | 1.27 | 165
== C | 0.008 | 0012 | 020 | 030
D | 0348 | 0390 | 884 | 9.91
D1 | 0.005 0.035 0.13 0,89
E | 0.300 | 0325 | 7.62 | 8.26
‘ o ) i E1 | 0.240 | 0.280 | 610 | 7.11
+ i A3 e | 0.100BSC 2.54 BSC
A A2 s | 0.300BSC 7.62 BSC
I * | By = 0.400 - 10,16
L 0115 0150 2.82 3.81
| a | o 15 0 15°
L 21-3244
Al
1 : 8-PIN RLASTIC
: DUAL-IN-LINE
-— B1 By —
A PACKAGE
= e
o | INCHES MILLIMETERS
| - MIN_ | MAX | MIN | MAX
=W WS — Al - |o200 | - 5.08
Al 0.015 - 0.38 -
A2 | 0125 | 0150 | 318 | 381
A3 | 0055 | 0.080 | 140 | 2.03
B | 0016 | 0.022 | 041 | 056
B1 0.050 D065 127 1.85
e e e [y — gy m— py m— i — g — C | 0.008 | 0.012 0.20 0.30
D | 0735 | 0.765 | 18.67 | 19.43
" E ™ D1 |o0s0 | ooso | 127 | 208
E1 E | 0300 | 0.325 | 762 | 826
t"' D "’ﬂ_{ | E1 | 0240 | 0.280 | 610 | 7.11
+ ‘ J h A3 a 0.100 BSC 2.54 BSC
AS e | 0.300 BSC 7.62 BSC
A 1 * s | - Jo400 | - 10.16
: [ L o115 | 0150 | 292 | ast
! e | o 15 0 15"
¢ L . .'r-r § 213304
Y T - i 14-PIN PLASTIC
~ C—= DUAL-IN-LINE
e - -~y PACKAGE
eg
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Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

o |_INCHES MILLIMETERS
MIN | MAX | MIN | MAX
Al - |oz0 | - 5.08
"'I iy j;' !_"ﬁ [ 8 B | 0.014 | 0.023 | 0.36 | 0.58
B1 | 0038 | 0.065 | 097 | 165
B2 | 0.023 0.045 .58 1.14
C | 0ooE | 0015 | 0.20 0.38
D | - |o405 | - | 1029
E | 0.220 | 0310 | 559 | 7.87
T E1 | 0290 | 0.320 | 7.37 | 8.3
- E1 e | 0.100BSC 2.54 BSC
D L 0.125 0200 3.18 5.08
i | |- B2 . L o150 | - | as =
Q | 0015 | 0.060 | 038 | 152
1 s | - |oo0ss| - 1.40
* s1 | 0005 | - 0.3 -
Y —4 ] , a | o 15 o 15"
' ; i :. 213260
i 4 i
i A N !
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