LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C

National
Semiconductor

LH0022/LH0022C High Performance FET Op Amp
LH0042/LH0042C Low Cost FET Op Amp
LH0052/LH0052C Precision FET Op Amp

General Description

The LH0022/LH0042/LH0052 are a family of FET input op-
erational amplifiers with very closely matched input charac-
teristics, very high input impedance, and ultra-low input cur-
rents with no compromise in noise, common mode rejection
ratio, open loop gain, or slew rate. The internally laser nulled
LH0052 offers 500 pV maximum offset and 2 uV/°C offset
drift. Input offset current is less than 500 femtoamps at
room temperature and 500 pA maximum at 125°C. The
LH0022 and LHO042 are not internally nulled but offer com-
parable matching characteristics. All devices in the family
are internally compensated and are free of latch-up and un-
usual oscillation problems. The devices may be offset nulled
with a single 10k trimpot with negiigible effect in CMRR.
The LH0022, L H0O042 and LH0052 are specified for opera-
tion over the —55°C to +125°C military temperature range.
The LH0022C, LH0042C and LH0052C are specified for op-
eration over the —25°C to + 85°C temperature range.

The LH0022/LH0042/LH0052 family of IC op amps are in-
tended to fulfil a wide variety of applications for process
control, medical instrumentation, arid other systems requir-
ing very low input currents and tightly matched input offsets.
The LHO052 is particularly suited for long term high

accuracy integrators and high accuracy sample and hold
buffer amplifiers. The LH0022 and LH0042 provide low cost
high performance for such applications as electrometer and
photacell amplification, pico-ammeters, and high input im-
pedance buffers.

Special electrical parameter selection is available on special
request.

For additional application information and information on
other National operational amplifiers, see Available Linear
Applications Literature.

Features

Low input offset current—500 femtoamps max (LH0052)
Low input offset drift—2 pV/°C typ (LHO052)

Low input offset voltage—100 pV typ

High open loop gain—100 dB typ

Excelient slew rate—3.0 V/us typ

Internal 6 dB/octave frequency compensation

Pin compatible with standard IC op amps (TO-5 pack-
age)

Connection Diagrams
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-
Absolute Maximum Ratings §
If Mifitary/Aerospace specified devices are required, Short Circuit Duration Continuous B
plea_ase con-tact the National Semiconductor Sales Operating Temperaturs Range ":
Office/Distributors for availabliity and specifications. LHOD22, LHO042, LHO052 ~-55°C to +125°C T
Supply Voltage +22V LH0022C, LH0042C, LH0052G -25Cto +85°C | &
Power Dissipation (see Graph) 500 mwW Storage Temperature Range —65°Cto +150°C ﬁ
Input Voltage (Note 1) 15V Lead Temperature {Soldering, 10 sec.) 300°C Q
Differential Input Voltage (Note 2) +30V E
Voltage Betwsen Offset Null and V- +0.5v =

&

DC Electrical Characteristics for LH0022/LH0022C (Note 3) Ta = T (Max) §
Limits é

Parameter Conditions LHoo22 LHO022C Units | &5

Min Typ Max | Min Typ Max g

Input Offset Voltage Rg < 100k, Tp = 25°C 20 40 45 6.0 mv :OE
Vg = +15V S

Rs < 100kQ, Vg = +15V 5.0 7.0 mv g

;I;ir:tpce)l:;::evgﬁ:;fle0|ent of Rg £ 100 k) 10 15 WV/oC g

Offset Voltage Drift with Time 3 4 uv/week §

Input Offset Current (Note 4) 0.2 2.0 1.0 50 pA

20 0.5 nA

;e;:tp gﬁé::%ﬁ:'z:itcient of Doubles Every 10°C Doubles Every 10°C

Offset Current Drift with Time 0.1 0.1 pA/week

Input Bias Current (Note 4) 5 10 10 25 pA

10 2.5 nA

;’;:)Tf ;ir:;u(r:ircr::tﬁ icient of Doubles Every 10°C Doubles Every 10°C

Ditferential Input Resistance 1012 1012 0

Common Mode Input Resistance 1012 1012 0

Input Capacitance 4.0 4.0 pF

Input Voltage Range Vg = 15V +12 | £13.5 +12 | £135 \

Common Mode Rejection Ralio Rs < 10k}, Viy = 210V 80 90 70 a0 dB

Suppiy Voltage Rejection Ratio Rs < 10k}, 5V < Vg < +15V | 80 90 70 0 dB

Large Signal Voltage Gain _I?: : ’g’slilé :gf z 14_5r\1/0V 100 200 75 160 v/mv

C; - ";':‘;;/VOUT = *10V 50 50 v/mv

Output Voltage Swing \F;; : 1i I:(;;"TA = 25°C 410 | +125 +10| +12 v

RL = 2k, Vg = +15V +10 +10 v

Output Current Swing VouTt = £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 20 | 25 24 | 28 mA

Power Consumption Vg = +15V 75 85 mw
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LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C

DC Electrical Characteristics or LH0042/LH0042C (Note 3)

Lim s
Parameter Conditions LHO042 LH0042C Units
Min Typ | Max| Min i Typ | Max
Input Offset Voltage Rg < 100 k2 5.0 20 6.0 20 mV
Lir:fg:;:;ev (;:z;f;ment of Rg < 100 kX 10 15 WVPC
Offset Voltage Drift with Time 70 10 pV/week
Input Offset Current (Note 4) 1.0 5.0 2.0 10 pA
I;ng:l;::eciz_eef:fiem of Doubles Every 10°C Doubles Every 10°C
Offset Current Drift with Time 0.1 0.1 pA/week
Input Bias Current (Note 4) 10 25 15 50 pA
;epn:tp ;ir:;uéi:z::f icient of Doubles Every 10°C Doubles Every 10°C
Differential Input Resistance 1012 1012 Q
GCommon Mode Input Resistance 1012 1012 1}
Input Capacitance 4.0 4.0 pF
Input Voltage Range +12 +13.5 +12 +13.5 v
Common Mode Rejection Ratio | Rg < 10 k&2, Viy = 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, Voyr = +10V 50 150 25 100 vimV
Output Voltage Swing RL=1kQ, Ty = 25°C +10 +12.5 +10 12 \')
RL = 2k +£10 +10 v
Output Current Swing Vout = £10V +10 +15 +10 15 mA
Output Resistance 75 75 [y)
Output Short Circuit Current 20 20 mA
Supply Current 2.5 35 2.8 4.0 mA
Power Consumption 105 120 mw
DC Electrical Characteristics for LH0052/1LH0052C (Note 3)
Limits
Parameter Conditions LHO0052 LH0052C Units
Min Typ Max Min Typ Max
Input Offset Voltage Rg < 100kQ, Vg = +15V 01 10 04 20 mv
Ta = 25°C
Rg < 100 k{1, Vg = +15V 2.0 3.0 mv
- _ - +
LZTFS?;:K’ (;:::;f;enent of Vg = 100k}, Vg = 15V 20 5.0 uV/°C
Offset Voltage Drift with Time 2.0 4.0 uV/iweek
Input Offset Current (Note 4) 0.01 5.0 0.02 1.0 pA
500 100 pA
;epr:::gr;;::eci?reef:::ient of Doubles Every 10°C Doubles Every 10°C
Offset Current Drift with Time I 0.1 \ ‘ 01 | pA/week
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DC Electrical Characteristics for LH0052/LH0052C (Note 3) (Continued)

Limits
Parameter Conditions LHOD52 LHo052C Units
Min Typ Max Min Typ | Max
Input Bias Gurrent {Note 4) 0.5 25 1.0 50 pA
25 0.5 nA
;I;;rlrjltp;ir:;ucr;gg:tﬁicient 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 v
Common Mode Rejection Ratio | Rg < 10k, Vjy = 10V 74 80 70 90 dB
Supply Voltage Rejection Ratio Rg < 10k, £5V < Vg < +15V 74 a0 70 90 dB
Large Signal Voltage Gain \F/ﬁs_ z il:f;;/\:l$:T:=251;(1:0V 100 200 75 160 V/my
\F;; _ i':f;;/VOUT = =10V 50 50 V/mv
Output Voltage Swing RL=1kQ,Ta = 25°C +10 +125 +10 +12 v
Vg = +15V
RL = 2kQ,Vg = 15V +1 +1 v
Output Current Swing Voutr = 210V, Tp = 25°C +1 +15 +10 +15 mA
Output Resistance 75 75 Q
Qutput Short Circuit Current 25 25 mA
Supply Current Vg = +15V 3.0 35 3.0 38 | mA
Power Consumption Vg = £15V 105 114 | mW
AC Electrical Characteristics for all ampiifiers (Ta = 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/ips
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 [
Overshoot 10 30 15 40 %
Settling Time (0.1%) AViy = 10V 4.5 45 ps
Overload Recovery 40 4.0 us
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LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C

AC Electrical Characteristics forall amplifiers (T4 = 25°C, Vg = + 15V} (Continued)

Limits
Parameter Conditions LH0022/42/52 LH0022C/42C/52C Units
Min Typ Max Min Typ Max

Input Noise Voltage | Rg = 10k}, fg = 10Hz 150 150 nv/vHz
Rs = 10k, f, = 100 Hz 55 55 nV/V'Hz
Rg = 10k, f, = 1kHz 35 35 nV/yHz
Rg = 10kQ, f, = 10kHz 30 30 nV/vHz

BW = 10 Hz to 10kHz, Rg = 10 kQ2 12 12 pvrms

Input Noise Current | BW = 10 Hz to 10kHz <0.1 <0.1 pArms

Note 1: For supply voltages less than 15V, the absolute maximum input voltage is agual to the supply voltage.

Note 2: Rating applies for minimum source resistance of 10 k2, for source resistances lass than 10 k(, maximum differential input voitage is +5V.

Note 3: Unless otherwise specified, these specifications apply for £5V < Vg < +20V and —55°C < Tp < +125°C for the LH0022/42/52 and —25°C < Tp <

+85°C tar tha LH0022C/42C/52C. Typical values are given for Tp = 25°C.

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

Auxiliary Circuits (shown for TO-5 pin cut)

INPUT

Offset Null

TL/K/5557-5

Protecting Inputs from = 150V Transients

INPUT

Note: All diodes are ulira low ieakage.

Boosting Output Drive to + 100 mA

INPUT

O

: a
OUTPUT

=*L A

TL/KS8557-7

TL/K/6557-6
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LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C
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LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C

Typical Applications

Low Drift Sample and Hold
A1
10K
AANA
yyw
———— — —
ANALOG |
wput ©
TTL SAMPLE/HOLD ‘ ANALOG
CONTROL | LH0052 OUTPUT
I AHD132 ] = cl

TL/K/5857-8

Precision Voitage Comparator

A1
o, v
INPUT O AAA g n
INS14
m
R2 ouTPuT
0K 02
REFERENCE Oy A pmed IN914

TL/K/5557-9
Picoamp Amplifier for pH Meters and Radiation Detectors

O QUTPUT

0.1 Vg !
= fipg K i
8ouT = fIN oA

TL/K/5557-10
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Typical Applications (continued)

Precision Subtractor for Automatic Test Gear
‘ ci* vt
0 | :/f 0.01 uF
- g 000 SMIELD 1gKn

ol BT

wO |

“Low leakage

*Nz O

agut = 10 X

Sensitive Low Cost “VYTVM”

O tour

10 - 33 pF TL/K/5557-11

(eIn1 — eng)

INPUT

800K

0.1 uF

90K

by LOW LEAKAGE

POLYSTYRENE

10K
1%

Ultra Low Level Current Source
+15¥

lour = 120 nA

2N4NN?

LM113 r"
Vps12v

TL/K/STTT-12

TL/K/5657~13
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LH0022/LH0022C/LH0042/LH0042C/LH0052/L.H0052C

Typical Applications (continued)

True Instrumentation Amplifier

SHIELD

INPUTS
40K
ADIUST  geu
TEN TURN
108K
] SHIELD R
+ O—4$ -+
ZERD
ADJ

Precision Integrator

m . | AHO133

INTEGRATE/RESET 0—?—|-——
CONTROL —0 H >-

- - -

-
b
-— am - -

1]
] I

1 |ﬂr
m
INPUT 10% Rz,
vy
ouTuY
INITIAL Rl 1
CONDITION Ormmsamunmmmmrmrad\ A\ gosome Vout = “-'-“—J- — wydt + V2
Vs CIR1

O OuTPUT

TL/K/E557-14

TL/K/5557-156
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Typical Applications (continued)

Precision Sample and Hoid

+
|
ANALOG ) O uf
INPUT l LHoD22 QUTPYT
o™ ) | -
SAMPLE FHOLD o_'_ ‘
10 - I

*Polystyrene dielectric.

0
-
l
I
l
l
l
I

TL/K/S557-16

Re-Zeroing Amplifier

JZS00H1/2500H1/92V00H1/2¥00H1/02200H1/2200H1

INPUT O

1
m
RE ZERD COMMAND O—H D—D- 4

I 1/2 AH0133
———

C1—0.01 pF polystyrene.

TL/K/E857-17
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LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C

Typical Performance Characteristics

INPUT BIAS CURRENT (pA} POWER DISSIPATION {mW)
g 4§ 8883 ¢§%

EQUIVALENT INPUT DFFSET VOLTAGE (mV}

COMMON MODE INPUT VOLTAGE RANGE {2V}

1%

Maximum Power Dissipation

T0-5 and DIP W0 HEAT SINK
L LS
O = 150°CIW
50 100 150 00
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T
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|
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L
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INPUT SOURCE RES!

100M
STANCE (12}

1000M

CHANGE IN INPUT OFFSET VOLTAGE (uV)

TOTAL INPUT NOISE VOLTAGE {nVA/Hz)

Common Mode Input Voltage
vs Supply Voltage

T
Ta=25°C

pd

/

15

SUPPLY VOLTAGE (:V)

CHANGE IN INPUT OFFSET VOLTAGE V)

INPUT OFFSET CURRENT (pA}

100
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0.3

Input Offset Current

vs Temperature
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a5 65 L]
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15

12%

Input Oftset Voltage
vs Temperature
Vg - b5V
1000 [~y o< 5V AT 25°C y
500 7 LHz
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O [ewoosz
-’
-580 /
1000 17 wonaz
60 -20 20 50 100 40

TEMPERATURE (°C)

Total Input Noise Voltage*
vs Source Resistance

40 T
Vg=+15V
380 [ Ta-25°C THT T
) |
250
zm JF
Ll
150 to="10Hz LA
100 | Y
50 fo= 1 kHz Ly
0
1k 10k 100k ™M 100
SOURCE RESISTANCE {02}

Stabilization Time of

Input Offset Voltage from
Power Turn-On

T L} L) T
Ta=25°C
Vg =15
PREVIOUS Vg < 1V
ton
0 1 H 3 4

TIME FROM POWER APPLICATION (MIN)

-
a

INPUT BIAS CURRENT {pA)

EQUIVALENT INPUT OFFSET VOLTAGE - mV

TOTAL INPUT NOISE VOLTAGE (nVA/Hz)

CHANGE IN INPUT OFFSET VOLTAGE {uV)

g

0.1

1008

100

m

1

100K

1%

*Noise voltage includes contribution from source resistance.

Input Bias Current vs
Temperature

Ve

25 45 85 85 105

T - TEMPERATURE [*C)

125

Oftset Error
(without Vg Null)

Ta=25C

[ {LHO04Z — MAXINMUM

LMBO22 — MAXIMUM

ua 1
I

LHO022 - TYPICAL |
= LHDE52 - MAXIMUM
LHB052 - TYPCAL
11

™ 100 100M
INPUT SOURCE RESISTANCE {s1)

1HI0M

Total input Noise Voltage*

vs Frequency
T

| [V§=%15V
Ta=25°C
Ry =100

10 100 1% L

FREQUENCY (Hz)
Change in input Offset
Voltage Due to Thermal
Shock vs Time
25°C °c

100

Vg =215V 4
PREVIOUS OUIESCENT
Vog <1 aV R

=1 tareLy
rub

B!

2 4 N w
TIME FROM HEAT APPLICATION (me)

TL/K/5557-18
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Typical Performance Characteristics continueq)

Supply Voltage vs
Supply Current
1
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Frequency Characteristics vs
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Current Limiting
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1% Y
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-
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DUTPUT CURRENT (-mA)
Transient Response
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Output Swing vs
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Frequency Characteristics vs
Ambient Temperature
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Open Loop Transfer
Characteristics vs Frequency
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This datasheet has been downloaded from:
www.DatasheetCatalog.com
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