LH0042
Low Cost FET Op Amp

General Description

The LH0042 is a FET input operational amplifier with very
high input impedance and low input currents with no com-
promise in noise, common mode rejection ratio, open loop
gain, or slew rate. The LH0042 is internally compensated
and is free of latch-up.

The LH0042 is specified for operation over the —55°C to
+125°C military temperature range. The LH0042C is speci-
fied for operation over the —25°C to +85°C temperature
range.
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The LH0042 op amp is intended to fulfill a wide variety of
applications for process control, medical instrumentation,
and other systems requiring very low input currents. The
LHO0042 provides low cost high performance for such appli-
cations as electrometer and photocell amplification, pico-
ammeters, and high input impedance buffers.

Features
m High open loop gain—100 dB typ
B Internal compensation

B Pin compatible with standard IC op amps
(TO-99 package)

Connection Diagram

Metal Can Package

Top View

Order Number LH0042H-MIL, LH0042H or LH0042CH
See NS Package Number HO8D
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Short Circuit Duration
Operating Temperature Range

LH0022, LH0042, LH0052

Continuous

—55°Cto +125°C

Supply Voltage 22V LH0022C, LH0042G, LH0052C —25°Cto +85°C
Power Dissipation (see Graph) 500 mW Storage Temperature Range —65°Cto +150°C
Input Voltage (Note 1) +15V Lead Temperature (Soldering, 10 sec.) 300°C
Differential Input Voltage (Note 2) +30V
Voltage Between Offset Null and V— +0.5V
DC Electrical Characteristics for LH0022/LH0022C (Note 3) Ta = Tj(Max)
Limits
Parameter Conditions LH0022 LH0022C Units
Min Typ Max | Min Typ Max
Input Offset Voltage Rs < 100 kQ, Tp = 25°C 20 40 35 6.0 mv
Vg = £15V
Rs < 100k, Vg = £15V 5.0 7.0 mV
- P
;I;n&sg;g:;eviﬁ:;ﬂement of Rg < 100 kQ 10 15 LV/°C
Offset Voltage Drift with Time 3 4 nV/week
Input Offset Current Ta = 25°C (Note 4) 0.2 2.0 1.0 5.0 pPA
2.0 0.5 nA
;i?fg;f;:;ecifreef:t‘:ie”t of Doubles Every 10°C | Doubles Every 10°C
Offset Current Drift with Time 0.1 0.1 pA/week
Input Bias Current Ta = 25°C (Note 4) 5 10 10 25 pPA
10 25 nA
Leprzf ;:;uéir?::: ficient of Doubles Every 10°C Doubles Every 10°C
Differential Input Resistance 1012 1012 Q
Common Mode Input Resistance 1012 1012 9]
Input Capacitance 4.0 4.0 pF
Input Voltage Range Vg = =15V +12 | +135 +12 | +13.5 Vv
Common Mode Rejection Ratio Rs < 10kQ, V|y = £10V 74 90 70 90 dB
Supply Voltage Rejection Ratio Rs < 10kQ), £5V < Vg < +15V 74 90 70 90 dB
Large Signal Voltage Gain _I?: : ;sko(é xgul 1115;\1/0V 75 100 75 100 V/mV
\F;; _ i':‘;;/VOUT - v 30 30 V/mv
Output Voltage Swing \F/qs_ z 1ik1£;;/TA = 25°C 410 | +125 410 412 v
RL = 2kQ,Vg = £15V +10 +10 \
Output Current Swing Vout = £10V, Tp = 25°C +10 +15 +10 +15 mA
Output Resistance 75 75 0
Output Short Circuit Current 25 25 mA
Supply Current Vg = £15V 2.0 25 2.4 2.8 mA
Power Consumption Vg = £15V 75 85 mwW




DC Electrical Characteristics for LH0042/LH0042C (Note 3)

Limits
Parameter Conditions LH0042 LH0042C Units
Min Typ | Max Min Typ | Max
Input Offset Voltage Rg < 100 k2 5.0 20 6.0 20 mV
. P

;I;‘irzt;)grfz::evglc::;f:lent of Rs < 100 kQ 10 15 LV/°C
Offset Voltage Drift with Time 7.0 10 uV/week
Input Offset Current Ta = 25°C (Note 4) 1.0 5.0 2.0 10 pA
Input Bias Current Ta = 25°C (Note 4) 10 25 15 50 pA
;I;]eprztp ;ir:;uéigg:: ficient of Doubles Every 10°C Doubles Every 10°C
Differential Input Resistance 1012 1012 Q
Common Mode Input Resistance 1012 1012 Q
Input Capacitance 4.0 4.0 pF
Input Voltage Range +12 +13.5 +12 +13.5 \
Common Mode Rejection Ratio | Rg < 10k, V|y = +10V 70 86 70 80 dB
Supply Voltage Rejection Ratio | Rg < 10k, £5V < Vg < +15V 70 86 70 86 dB
Large Signal Voltage Gain Rs < 2k, Voyt = =10V, 50 100 25 100 V/mV

Ta = 25°C

Rs < 2k, Voyt = 10V 30 25 V/mV
Output Voltage Swing RL = 1kQ, Ta = 25°C +10 | +125 +10 +12 v

RL = 2kQ +£10 +10 v
Output Current Swing Vout = £10V +10 +15 +10 +15 mA
Output Resistance 75 75 Q
Output Short Circuit Current 20 20 mA
Supply Current Vg = £15V 2.5 3.5 2.8 4.0 mA
Power Consumption Vg = £15V 105 120 mwW




DC Electrical Characteristics for LH0052/LH0052C (Note 3) (Continued)

Limits
Parameter Conditions LH0052 LH0052C Units
Min Typ Max Min Typ Max
Input Bias Current Ta = 25°C (Note 4) 0.5 2.5 1.0 5.0 pA
25 0.5 nA
;Z“Jf;:;“éi:s::ﬁdem of Doubles Every 10°C Doubles Every 10°C
Differential Input Resistance 1012 1012 Q
Common Mode Input Resistance 1012 1012 Q
Input Capacitance 4.0 4.0 pF
Input Voltage Range Vg = +15V +12 +13.5 +12 +13.5 \%
Common Mode Rejection Ratio | Rg < 10 kQ, V| = £10V 74 90 70 90 dB
Supply Voltage Rejection Ratio Rs < 10k, +£5V < Vg < +15V 74 90 70 90 dB
Large Signal Voltage Gain \F;|S_ i Ziﬁféil\’/?:T:Z;éOV 75 100 75 100 V/mV
C'S- _ i':‘;;/VOUT = *1ov 30 30 V/mv
Output Voltage Swing \Ij|s_ i L:S;{/TA = 25°C 410 +125 10 19 v
RL = 2kQ, Vg = +15V +1 +1 v
Output Current Swing Vout = £10V, Tp = 25°C +10 +15 +10 +15 mA
Output Resistance 75 75 Q
Output Short Circuit Current 25 25 mA
Supply Current Vg = £15V 3.0 3.5 3.0 3.8 mA
Power Consumption Vg = £15V 105 114 | mW
AC Electrical Characteristics for all amplifiers (T = 25°C, Vg = £15V)
Limits
Parameter Conditions LH0022/42/52 LH0022C/42C/52C Units
Min Typ Max Min Typ Max
Slew Rate Voltage Follower 1.5 3.0 1.0 3.0 V/us
Large Signal Bandwidth Voltage Follower 40 40 kHz
Small Signal Bandwidth 1.0 1.0 MHz
Rise Time 0.3 1.5 0.3 1.5 us
Overshoot 10 30 15 40 %
Settling Time (0.1%) AV|y = 10V 4.5 4.5 us
Overload Recovery 4.0 4.0 us




AC Electrical Characteristics for ail ampiifiers (Ts = 25°C, Vg = * 15V) (Continued)

Limits
Parameter Conditions LH0042 LH0042C Units
Min Typ Max Min Typ Max
Input Noise Voltage Rs = 10kQ, fo = 10 Hz 150 150 nVA/ Hz
Rg = 10 k€, f, = 100 Hz 55 55 nVA/ Hz
Rg = 10 k€, f, = 1 kHz 35 35 nVA/ Hz
Rg = 10 k€, f, = 10 kHz 30 30 nVA/ Hz
BW = 10 Hz to 10kHz, Rg = 10 kQ2 12 12 wvrms

Note 1: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 2: Rating applies for minimum source resistance of 10 k{2, for source resistances less than 10 k2, maximum differential input voltage is +5V.
Note 3: Unless otherwise specified, these specifications apply for +5V < Vg < +20V and —55°C < Tp < +125°C for the LH0042 and —25°C < Tp < +85°C

for the LH0042C. Typical values are given for Ty = 25°C.

Note 4: Input currents are a strong function of temperature. Due to high speed testing they are specified at a junction temperature T; = 25°C. Self heating will
cause an increase in current in manual tests. 25°C spec is guaranteed by testing at 125°C.

Note 5: See RETS0042X for the LH0042H miilitary specifications.

Auxiliary Circuits (shown for TO-99 pin out)

Offset Null

INPUT O OUTPUT

TL/K/5557-5

Protecting Inputs from + 150V Transients

INPUT

Note: All diodes are ultra low leakage.

Boosting Output Drive to + 100 mA
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Typical Applications
Precision Voltage Comparator

R1
10K

5V
INPUT O o1
IN914
m

R2 ouTPUT

10K D2

REFERENCE O INg14
TL/K/5557-9
Subtractor for Automatic Test Gear
c1*
v+
e I /f 0.01 uF

1000  SHIELD 10KQ
a

AH0142
*Low leakage

LOGIC
IN

emz O

- 10-33pF TL/K/5557-11

eout = 10 X (N1 — eing)
Sensitive Low Cost “VTVM”

99K

AN

INPUT
LHO042H O OuTPUT
900K 100K

1
0.1 pF ZERD o 00 A

LOW LEAKAGE
POLYSTYRENE

90K
1%

-15V
10K
1%

TL/K/5777-12




Typical Applications (continued)

Ultra Low Level Current Source
+15V

lour = 120 nA
2N4117
LM113 l“
Vp =122V
3K
-15V TL/K/6777-13
Sample and Hold
+

ANALOG
INPUT

|
e
|
SAMPLE/HOLD O‘Esrm—b"‘: I I"1
AHO152 _!

10
= b N
- *Polystyrene dielectric.

LHO0042 0uTPUT

TL/K/5557-16

Re-Zeroing Amplifier

100M

I 1/2 AH0133

C1—0.01 pF polystyrene.

TL/K/5557-17




Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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LH0042 Low Cost FET Op Amp

Physical Dimensions inches (millimeters)

0.350—0.370
(8.89—9.40)
DIA | 0315-0.33
0.165-0.185 I {8.001-8.509)
(4.191-4.699) DIA

REFERENCE PLANE

0.500 1 l]l] l] m]
L0 0.025
127 {0.635)
o MAX UNCONTROLLED
0.016-0.019  |EAD DIA
{0.406—0.483)
0.225-0.235 e
{5.715—5.969)
DIA PC
7/
0.029-0.045
(0.737-1.183)
0.028-0.034
{0.711-0.864) /<
45° TYP
HO8D (REV A)

Metal Can Package (H)
Order Number H0042H-MIL, LH0042H or LH0042CH
NS Package Number HO8D

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor
Europe

National Semiconductor
Corporation

o)

1111 West Bardin Road Fax: (+49) 0-180-530 85 86

National Semiconductor
Japan Ltd.
Tel: 81-043-299-2309

National Semiconductor
Hong Kong Ltd.
18th Floor, Straight Block,

Arlington, TX 76017
Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

Email: cnjwge @tevm2.nsc.com
Deutsch Tel: (+49) 0-180-530 85 85
English Tel: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-532 93 58
Italiano ~ Tel: (+49) 0-180-534 16 80

Tsimshatsui, Kowloon
Hong Kong

Tel: (852) 2737-1600
Fax: (852) 2736-9960

Ocean Centre, 5 Canton Rd.

Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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