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The Special Functions Databook is the only National

Semiconductor publication that contains complete BUffers
information on all of our hybrid semiconductor .

products.

Included are precision thin film and thick film lnstrumentation Amp"ﬁers

products which provide the user with standard
functions from operational amplifiers to converters
with capabilities beyond those of current monolithic

technology. Sample & Hold Amplifiers
Product selection guides and an application section

are also included. For information on new products,

contact your local National Semiconductor sales Comparators
office. .
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Section 1.

Operational Amplifiers

input
Input Oftset Input Input
Qftset Voltage Offset Bias Voltage { Bandwidth]Siew Rate Supply Voltage Temperature Range
Voitage Drift Current | Current Gain Ay=1 Ay=1 Output
Max er Max ax Min Ty Typ Current Min Max ~55°C toj —25°C to ] 0°C to Page
Features {mv) @vi*Cy (nA) {nA) (Volta/mV)|  (MH2) (Vlus) {mA) (1)) [\ 125°C 85°C 70°C Number

Micropower Low Drift 1 4 20 100 25 1 0.25 =5 5 20 LHO001 i-4
25 3 20 100 25 1 0.25 +5 +5 *20 LHO001A 1.7

5 3 60 200 25 1 0.25 =5 +5 +20 LHOOO1AC 17

Wideband 3 4 200 2000 15 30 30 *100 5 *20 LHO0003 | LHOO03C 110
High Voltage 1 4 20 100 30 1 0.2 =15 *5 +45 LHO0004 1-12
15 4 45 120 1 0.25 +15 =5 +45 LH0004C 112

Wideband 3 10 5 25 4 3011 20(1) +50 =9 +20 LHO00SA 115
10 20 20 50 2 301 20N *50 =9 £20 LH0003 115

10 25 25 100 2 30 (1) 20 (1) *50 *9 +2¢ LH0005C 118

High Gain Medium Power 2.5 10 50 250 100 1 0.25 +40 *5 +22 LH0020 1-20
6 10 200 500 50 t 025 =43 +5 *22 LHG02GC 1-20

High Power 3 3 100 300 100 1 3 =1000 =5 +18 LH0021 122
6 5 200 500 100 1 3 = 1000 *5 =18 LHO021C 1-22

3 3 100 300 100 1 3 =200 *5 =18 LHQ041 1-22

6 5 200 500 100 1 3 =200 =5 +18 LH0041C 1-22

4 5 100 300 50 15 70 =500 5 +18 LHO0061 1-61

10 5 200 500 25 15 70 +500 *5 +18 LHO081C 1-61

General Purpose FET Input 4 5 0.002 0.01 100 1 3 +10 =5 +22 LH0022 1-29
[ 5 0.005 0.025 75 1 3 =10 =5 22 LH0022C 1-29

20 5 0.005 0.025 50 1 3 =10 *5 =22 LHO0042 1-29

20 10 0.01 0.05 25 1 3 +10 *5 *22 LH0042C 129

05 2 0.0005 0.0025 100 1 3 =10 *5 *22 LH0052 129

1 5 0.001 0.005 75 1 3 =10 =5 +22 LHO052C 1-29

Wideband High Siew Rate 4 20 5.000 30,000 4 50 500 =10 *9 +18 LH0024 1-36
8 25 15,000 40,000 3 50 400 =10 E3] =18 LHO024C 136

Wideband FET Input 5 25 0.025 0.1 1 70 500 +10 5 +18 1H0032 1-39
15 25 0.05 0.2 1 70 500 +10 +5 =18 LLH0032C 1-39

Precision FET input 0.05 0.2 5 30 500 04 0.06 13 +3 *20 LH0044 1-44
01 0.2 5 30 500 0.4 0.06 +13 *3 +20 LH0044C 1-44

0.025 0.1 25 15 1.000 0.4 008 %13 23 =20 LHO0444 1-44

0.025 0.1 25 15 1.000 0.4 0.06 =13 *3 +20 LHOG44AC 1-44

0.05 0.2 5 30 500 0.4 0.06 =13 =3 =20 LHO0448 1-44

Medium Speed. FET input 5 5 0.002 6.01 50 15 70 =6 *5 *2G LHO062 1-64
15 10 0.005 0.065 25 15 70 *6 +5 *20 LH0062C 164

Dual Precision 2 15 10 7% 50 1 0.5 +5 *3 +22 LH2101A 1.72
2 15 10 75 50 1 0.5 =5 +3 22 LH2201A 1-72

75 30 50 250 25 1 05 +5 +3 +22 LH2301A 1-72

05 5 0.2 2 80 1 03 =1 x2 *20 LH2108A 174

05 5 0.2 2 80 1 0.3 *1 +2 *20 LH2208A 174

05 5 1.0 7 80 1 0.3 *1 *2 +20 LH2308A 174

2 15 0.2 2 50 1 03 =1 *2 220 LH2108 1-74

2 15 0.2 2 50 1 03 =1 =2 +20 LH2208 1.74

75 30 10 7 50 1 0.3 =1 x2 *20 LH2308 1.74

Dual Low Power 3 - 5 15 100 0.25 0.18 x0.75 *1 =18 LH24250 176
6 - 10 30 75 0.25 0.16 +0.75 1 +18 LH24250C 1.76

Note: For information on monolithic operational amplitiers, consult the Linear Databook.
Note 1: Specified for A, = —10.

apIiny uoNd3|9s
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LHO0001 Low Power Operational Amplifier

general description

The LHO00' is a general purpose operational
amplifier designed for extremely low quiescent
power. Typical NO-load dissipation at 25°C is
2 milliwatts at Vg = *15 volts, and 0.5 milliwatts
at Vg = t5 volts. Even with this low power dissipa-
tion, the LHOOO1 will deliver £10 volts into a 2K
load with 15 volt supplies, and typical short cir-
cuit currents of 20 to 30 milliamps. Additional
features are:

® QOperation from £5V to 20V

& Very low offset voltage: typically 200 pVv
at 25°C, 600 uV at -55°C to 125°C

® Very low input offset current: typically 3 nA
at 25°C, 6 nA at -55°C

Low noise: typically 3 uV rms
®  Frequency compensation with 2 small capacitors
8 Qutput may be clamped at any desired level

® Qutput is continuously short circuit proof

The LHO001 is ideally suited for space borne
applications or where battery operated equipment
requires extremely low power dissipation.

schematic and connection
- o - - v g
R6 R7
50K 50K
a7 qas 28
8
ouTPUT
ate
come oA
AND
COMPENSATION

1
5 SOMP I‘Jus 08

Rl &
WK P

\ 4
AAA,

SRS
< 50K

typical applications

Voltage Follower

R1*
AAA
VW

L— ouTPUT

c2
I 22pF  ~May be zero or equal ta source
= resistance for minimum offset.

integrator with Bias Current Compensation
“CF

N 4
INPUT A

2
IN2484

2M2 & R2

OUTPUT

15V *Adjust for 2eco integrator dritt.

*Previously called NH0O001

diagrams

COMPENSATION

COMPENSATION

TOP VIEW

Note: Pin 7 must be grounded or connected to a voltage at least
5 volts mare negative than the positive supply (Pin 9). Pin 7 may
be connected to the negative supply however the standby current
will be increased. A resistor may be inserted in series with Pin 7
up to a maximum of 100 kS per volt for the voltage difference
between Pin 3 and Pin 9.

Order Number L HOD01H
See Package H10B

Voltage Comparator for Driving MOS Circuits

+10VOLTS

INPUTS ouTPUT

—— v,

v

(V4. 221Va)
~30 VOLTS

External Current Limiting Method

01 D2

L—UUTPUY

INPUTS
Rum
A "V = average forward
lout “Hom voltage drop of

diodes D1 to D4
a1 2010 50 uA.




absolute maximum

Supply Voltage

Power Dissipation (see Curve}

Differential Input Voltage
Input Voltage

Short Circuit Duration (Note 1)
Operating Temperature Range
Storage Temperature Range

ratings

120V

400 mW

7V

Equal to supply
Continuous
-55°C 10 +125°C
-65°C to +150°C

i 000HT

Lead Temperature {Soldering 10 sec.) 300°C
electrical characteristics (Note 2)
PARAMETER TEMP (°C) CONDITIONS MIN | TYP | MAX | UNITS
Input Offset Voltage 25 | Rs< 1002 0.2 1.0 mv
-651t0 125 | Rg< 1002 0.6 2.0 mV
Input Offset Current 2510 126 20 nA
-55 100 nA
Input Bias Current 2510 125 100 nA
-55 300. nA
Supply Current {+) 25 | Vg =20V 90 125 HA
125 | Vg = £20V 70 100 HA
-55 Vg = 20V 100 150 HA
Supply Current {~} 25 | Vg=+20V 60 90 A
125 | Vg =220V 45 75 MA
-55 Vg = 120V 75 125 uA
Voltage Gain ~55 1025 | R = 100 K§2, Vg = £15V, Vo1 = 10V 25 60 V/imv
125 | R =100 KQ, Vg = 15V, Vot = 10V 10 30 A V/imv
Vour 26 | Vg=+15V, Ry = 2K 10 11.5 \Y
-55 Vg =215V, R = 2K 9 105 Vv
125 | Vg=+15V, R = 2K 11 125 v
Common Mode -5510 125 | Vg = £15V, V| = £10V, Rg< 10002 70 90 dB
Rejection Ratio
Power Supply 55610 125 | Vg=*16V, AV = 5V to 20V, Rg = <1008 70 90 dB
Rejection Ratio
Input Resistance 25 0.5 1.5 MQ
Average Temperature -55t0 125 | Rg< 1000 4 uv/’c
Coefficient of Otfset
Volitage
Average Temperature ~-55to 125 0.4 uA/°C
Coefficient of Bias
Current
Equivalent Input 25 | Rg= 1K, f =5 Hz to 1000 Hz, Vg = 15V 3.0 uVrms
Noise Voltage
Note 1: Based on maximum short circuit current of 50 mA, device may be operated at
any combination of supply voltages, and temperature to be within rated power dissipation
{see Curve).
Note 2: These specifications apply for Pin 7 grounded, for 5V < Vg < 20V, with
Capacitor C1 = 39 pF from Pin 1 to Pin 10, and C2 = 22 pF from Pin 5 to ground, unless
otherwise specified.
guaranteed performance
Input Voltage Range Small Signal Voltage Gain M Power Dissip
" ®, - 100K T0 THE
18 9% NEGATIVE SUPPLY 4 800
s N s v CASE
" = Y ve=aovTo 20w §
g w o g MINMUM 5 s
= o < L a
g o & gt vsrsv ™. g 00 AMBIENT
g 5 é MINIMUM \ \ ; 300
- 4 1] e 200
) 4 Ta®-55°C T0 4125°C I \ o
0 % 0
H 10 15 1] -50 ] W50 100 150 3 50 5 00 28

SUPPLY VOLTAGE {*V)

TEMPERATURE {"C)

TEMPERATURE {*C)

1-5



LHo001

typical performance characteristics

QUTPUT VOLTAGE {-V) INPUT BIAS CURRENT (nA) NEGATIVE SUPPLY CURRENT (uA)

VOLTAGE GAIN (dB}
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Frequency Response

T
Vg r 15V
A, = 100K
B -2k Cl-0.02:0
C1=38pF
} L C2=22pF
( ]
—t

01 1 10 100 1K 10K 100K 1M 10M

FAEQUENCY (H2)

QUTPUT VOLTAGE (+V) INPUT OFFSET CURRENT (nA) POSITIVE SUPPLY CUARENT (uA)

QUTPUT SWING (: VI

ALLJ
160

IS

Positive Supply Currents

tar -9
TS L

T 15

5 10 15 20

SUPPLY VOLTAGE (v}

Input Offset Current

Ta=-55 T
—
Tae025C
Ta=+125C
5 " 15 2

SUPPLY VOLTAGE {- V)

Positive Output
Voltage Swing

Ta=e125°C
[ Ta=+25TC
p———o
Ta=-55°C
5 ] 15 20

SUPPLY VOLYAGE (V)

Large Signal
Frequency Response

Vs <15V
Ta:25°C

\c
3
For-a0pf

c2-220F

K 10K 100K ™M 1w

FREQUENCY (Hz}

DUTPUT CURRENT (mA)

INPUT RESISTANCE (M)

VOLTAGE GAIN (d8)

VOLTAGE SWING (V)

Short Circuit Output Current

T
] Vg= 115V
—
POSITIVE SUPPLY
NEGATIVE SUPPLY
i
-55 ] +50 \00 4150
TEMPERATURE (')
Input Resistance
S15V
N
0 50 100 15¢

100

TEMPERATURE { C}

Voltage Gain

I

T
T35 C

Ta=4125€C T

55°C

R = 100K T0 THE
NEGATIVE SUPPLY
J -

5 10 15 20

SUPPLY VOLTAGE (V)

Voltage Follower
Pulse Response

INPUT 1— ]
T
—1— ouTPUT
L vg=15v 4
R = 2K
Ta=25C 7§
1 i
D 20 40 60 B0 100 120 140 160

TIME {.nec)

1-6




National
Semiconductor

Amplifiers

LHO0001A/LHO001AC Micropower Operational

Amplifier

general description

The LHOOO1A/LHOD01AC is a micropower, high
performance integrated circuit operational ampli-
fier designed to have a no load power dissipation
of less than 0.5 mW at Vg = 58V  and less than
2 mW at Vg = *20V. Open loop gain is greater
than 50k and input bias current is typically 20 nA.

features

® 1.0 mV Typical fow offset voltage
® 5 nA Typical low offset current

® 3 uVrms Typical low noise

® Simple frequency compensation
® Moderate bandwidth and slewrate

® Qutput short circuit proof

The LHO001A/LHO001AC may be substituted
directly for the LHO001/LHO001C. Low power
consumption, high open loop gain, and excellent
input characteristics make the LHOOO1A an ideal
amplifier for many low power applications such
as battery powered instrument or transducer
amplifiers.

The LHOOO1A is specified for operation over the
-65°C to +125°C military temperature range. The
LHOO01AC is specified for operation over the 0°C
to +85°C temperature range.

schematic diagram*

1
wv. et

NOW-INV.
INPUT

ourrur [\
COMPENSATION

is
(= 1

5
INPUT COMPENSATION

*Pin shown for TO-5 package

connection diagrams
Metal Can Package

LHBOOIAH/LHOBOIACH
COMP & CLAMP

INPUT COMP
TOP viEw

Order Number
LHO0001AH or LHOOO1ACH
See Package H10F

10
CLAMP AND
0 oursur come.

typical application®

=]
Tzzur

-V “Adjust for rern integrater drift.

Integ! with Bias C

Cavity Dual-In-Line Package

LHO0D1AD/LHBOOTACD

~INPUT L U 14 PUT
NPT come —4 -
vy g
ne—Y Ll ouTruT come
COMP & Clm'~—51 10 NC
ne—y .
OuTPUT ol L

TOP ViEW
Order Number
LHO001AD or LHOO01ACD
See Package D14E

OVI000H1
IV1000H1




LHO001A/LHO001AC

absolute maximum ratings

Supply Voltage

Power Dissipation (See curve)
Differential Input Voltage
Input Voltage

Short Circuit Duration
Operating Temperature Range

Storage Temperature Range

+20V
400 mw

7V

+Vg

Continuous
-65°C to 125°C
-25°C to 85°C
-65°C to 150°C

LHOO001A
LHO001AC

Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
LHOO001A LHO001AC
PARAMETERS CONDITIONS UNITS
MIN ] TYP | MAX | MIN | TYP | MAX
Input Offset Voltage Rs < 1000, To=25°C 1.0 25 2.0 50| mVv
40 7.0 mVv
Input Bias Current Ta=26°C 20 100 20 200 nA
N 300 300 nA
input Offset Current Ta=25°C 5 20 20 60 nA
100 100 nA
Supply Current Vg = +20V, T, = 25°C 80 125 80 125 A
Vg = 220V 150 150 uA
Voltage Gain Vg =15V, Vour = 10V, R, = 100k, | 26 | 60 25 | 60 V/imvV
Ta=25°C 25 | 60 25 | 60
Vg =215V, Voyr = 10V, R = 100k 10 | 30 10 VimV
Output Voltage Vg =15V, R, = 2k, T = 25°C 10 | 115 10 | 115 \
Vg =216V, Ry = 2k 9 9 \Y
Common Mode Rejection Ratio | Vg = £15V, Vi = 10V, Rg = 10092 70 | 90 70 | %0 db
Power Supply Rejection Ratio Vg = 215V, Rg = 100§, Vg = *6V 70 | 90 70 | 90 db
to +20V
Equivalent Input Noise Voltage Vg =215V, Rg = 100Q, T, = 25°C 3.0 3.0 MVrms
f =500 Hz to 5 kHz
Average Temperature Coefficient | Rg < 10082 30 30 uv/°c
of Offset Voltage
Average Temperature Coefficient 0.3 03 nA/°C
of Bias Current
Note 1: The specifications apply for t5V < Vg < 20V, with output compensation capacitor,
Cy = 39 pF, input compensation capacitor, C3 = 22 pF, -56°C to 125°C for the LHOO01A and
~25°C to +85°C for the LHOODTAC unless otherwise specified.
typical applications
R1*
™M
c1 j |
v Latd
A1 Rz sy lour s &y 02 03
ldl id
T L |
L—-nu"uv b—-outrur

TTL/DTL Compatible Comparator

INPUT
2
“May be zer0 ohms of equal to source 22pF
Tesatonce for mimmum oftsel, l

Voltage Follower

*V; - Average forwand érop ot
diodes 01 10 03 2t 20 15 SO uA.

External Output Current Limiting
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typical performance characteristics
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LH0003/LH0003C

National
Semiconductor

Amplifiers

LHO0003/LH0003C Wide Bandwidth Operational

Amplifier
general description

The LHOO003/L_HO003C is a general purpose opera-
tional amplifier which features: slewing rate up to
70 volis/usec, a gain bandwidth of up to 30 MHz,
and high output currents. Other features are:

& Very low offset voltage Typically 0.4 mV

> 10V into 10002
load

® [ arge output swing

® High CMRR Typically > 90 dB

50 kHz to 400 kHz de-
pending on compensa-
tion

The LHO003 is specified for operation over the
~55°C to +125°C military temperature range. The
LHO0O03C is specified for operation over the 0°C
to +86°C temperature range.

® Good farge signal
frequency response

schematic and connection diagrams

8
R6 R?
I 1K
a7
[it] s
——4 8
4 ouTPyT
01g
1o
) LomP cLaMP
J COMPENSATION
5 LOMP s § a8
Mg
RIg <SR >
kP K b3
3

typical applications

High Slew Rate Unity Gain Inverting Amplifier

*Previously called NHO003/NH0003C

TOP ViEW

Order Number LHO0O03H or LHO003CH
See Package H10B

<, [ Slew Rate Full Output Frequency
Circon Gain | pF of A > 20082, Viusec R, 2060 Vayr 10V
240 [ 0 70 400
=10 s 30 30 350 (
s 15 30 15 %0 0 kH:
z 2 50 50 s 100
z 90 % 2 50

Typical Compensation

Unity Gain Foliower

INPUT

p— ouTPUT

VWA~




absolute maximum ratings

OE000H
/£000H1

Supply Voltage 120V
Power Dissipation See curve
Differential Input Voltage 7V
Input Voltage Equal to supply
Load Current 120 mA
Operating Temperature Range LHOO03 -55°C to +125°C

LHO0003C 0°C 10+85°C
Storage Temperature Range —~65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics (Notes 1 & 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Rg < 10082 04 3.0 mV
Input Otfset Current 0.02 0.2 uA
Input Bias Current 0.4 20 HA
Supply Current Vg = 220V 1.2 3 mA
Valtage Gain Ry = 100k, Vg = £15V, Vo1 = 210V 20 70 VimV
Voltage Gain B = 2k, Vg = £15V, Vg = 210V 15 40 Vimv
Output Voltage Swing Vg =x15 R, = 1002 +10 12 v
Input Resistance . 100 k2
Average Temperature

Coefficient of Offset Rg < 10082 4 uv/c
Vottage .
Average Temperature
Coetficient of Bias 8 nA/C
Current
CMRR R < 10082, Vg = £V, V = 10V 70 90 dB
PSRR Rg < 10052, Vg - +15V, AV = 5V 1o 20V 70 90 dB
Equivalent input Rg = 100%, f - 10 kHz to 100 kHz 18 uVrems
Noise Volitage Vg = 15V dc

Note 1. These specifications apply for Pin 7 grounded, for ¥5v < Vg < #20V, with capacitor
€y <90 pF from Pin 1 to Pin 10 and C, =90 pF from Pin 5 to ground, over
the specified operating temperature range, unless otherwise specified.

Note 2. Typical values are for tapmgienT = 25°C unless otherwise specified

typical performance

Maximum Power Dissipation Large Signal Frequency Response Open Loop Frequency Response
1000 16 m
L " HITT ] w1 v |
CASE Vs =15V T 1o = 25°C
£ 800 e Ry = 100k a
t N s 12 |+H wewe H g 100 -
z = Ry = 200: = {
S 500 a 10 c1- YT H = 80 [Ry - 2000 M\EHO
g z 55 z L NA*
- 8 A [
H (T AMBIENT X & c2- | w ‘ [
] 2 5 30pF. Y| 2 a0 C1= 90 pF
« 4 2 €2= 90 pF
H N S 4 jer=90pF HHE—H > »
g wo , |2z s0er 0
K—r \J
0 ' ! N
25 50 75 100 125 104 105 106 107 10° 10" 107 103 10% 105 10° 107 108
TEMPERATURE { C) FREQUENCY (Hz) FREQUENCY {Hz)
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LH0004/LH0004C

National
Semiconductor

Amplifiers

LHO0004/LH0004C High Voltage Operational

Amplifier
general description

The LH0O004/LHO004C is a general purpose opera-
tional amplifier designed to operate from supply
voltages up to *40V. The device dissipates ex-
tremely low quiescent power, typically 8 mW at
25°C and Vg = +40V. Additional features include:

® Capable of operation over the range of 5V to
+40V

®m Large output voltage typically 35V for the
LHO004 and *33V for the LH0004C into a
2 K load with £40V supplies

& Low input offset current typically 20 nA for
the LHO004 and 45 nA for the LHO004C

Low input offset voltage typically 0.3 mV
® Frequency compensation with 2 small capacitors
Low power consumption 8 mW at £40V

The LHO004's high gain and wide range of oper-
ating voltages make it ideal for applications
requiring large output swing and fow power
dissipation,

The LHO004 is specified for operation over the
—55°C to +125°C military temperature range. The
LHO004C is specified for operation over the 0°C
to +85°C temperature range.

applications

Precision high volitage power supply
Resolver excitation
Wideband high voltage amplifier

[
]
]
= Transducer power supply

schematic and connection diagrams

1p CLAMP
AND
COMPENSATION

typical applications

Voltage Follower Input Offset
Voltage Adjust

meuTs

I
*May be zero or equal

to source resistance for
minimum offset.

*Previously calied NHO00Q4/NH0004C

COMPENSATION

COMPENSATION
Note: Pin 7 must be grounded or connected to a voitage
at least 5V more negative than the positive supply {Pin 9).
Pin 7 may be connected to the negative supply; however,
the standby current will be increased. A resistor may be
inserted in series with Pin 7 to Pin 8. The value of the
resistor should be a maximum of 100 K2 per voit of
potential between Pin 3 and Pin 9.

Order Number LHO004H or LHO004CH
See Package H108B

External Current High C: I Current
Limiting Method

B OUTRUT B
lo” o

Ve "Vi= sverage forward
< voltage drop of

Rim diodes D1 to D4
#2010 50 A,




absolute maximum ratings

Supply Voltage, Continuous 45V
Supply Voltage, Transient (<0.1 sec, no load) +60V
Power Dissipation (See curve) 400 mwW
Differential Input Voltage 7V
{nput Voitage Equal to supply
Short Circuit Duration 3 sec
Operating Temperature Range LH0004 -55°C to +125°C
LH0004C 0°Cto 85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
LH0004 LH0004C
PARAMETER CONDITIONS MIN] TYP | MAX | MIN] TYP | MAX UNITS
Input Offset Voltage Rg < 10092, To = 26°C 03} 10 03] 15f mv
Rg <1000 20 3.0f mV
Input Bias Current Ta =25°C 20 | 100 30 [ 120 | nA
300 300 | nA
Input Offset Current Ta =25°C 3| 20 10 | 45 | nA
100 ‘150 nA
Positive Supply Current Vg =240V, Ty = 25°C 110 150 110 150 MA
) Vg = t40V 175 175 | wA
Negative Supply Current Vg =240V, T, = 25°C 80 100 80 100 HA
Vg = 240V 135 135 | pA
Voltage Gain Vg = £40V, R, = 100k, T4 = 25°C
3 60 V/imVv
Vour = £30V 30| 60 0 /m
Vs =40V, R = 100k
10 A"
Vorur - £30V 10 fmV
Qutput Voltage Vg = 40V, Ry = 10k 30 ] £35 £30 | £33 \
CMRR Vg = $40V, Rg < 5k 70 90 70 | 90 dB
Vin = £33V
PSRR Vg = $40V, Rg < 5k 70| 90 70 | 90 dB
AV =20V to 40V
Average Temperature o
Coefficient Offset Voltage Rs < 1009 4.0 4.0 wvre
Average Temperature
Coefficient of 0.4 0.4 nA/°C
Offset Current
Equivalent Input Rg = 1000, Vg =+40V
‘ ° . 3. v
Noise Voltage f =500 Hz to 5 kHz, T, = 25°C 3.0 o Hyrms

Note 1: These specifications apply for 25V < Vg < #40V, Pin 7 grounded, with capacitors C1 = 39 pF between Pin 1 and
Pin 10, C2 = 22 pF between Pin 5 and ground, -55°C to +125°C for the LH0004, and 0°C to +85°C for the LHO004C unless

otherwise specified.

¥000HT

Ov000H1



LH0004/LH0004C

typical performance

fnput Voltage Range
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National
Semiconductor

Amplifiers

LHOO005/LHO005A Operational Amplifier

general description

The LHO005/L.HO00SA is a hybrid integrated cir-
cuit operational amplifier employing thick film
resistors and discrete silicon semiconductors in its
design. The select matching of the input pairs of
transistors resuits in low input bias currents and a
very low input offset current, both of which ex-
hibit excellent temperature tracking. In addition,
the device features:

® Very high output current capability: #50 mA
into a 100 ohm load

® Low standby power dissipation:

60 mW at £12V
w High input resistance: typically 2M at 25°C

typically

® Full operating range: -55°C to +125°C

= Good high frequency response: unity gain at
30 MHz

With no external roll-off network, the amplifier is
stable with a feedback ratio of 10 or greater. By
adding a 200 pF capacitor between pins 9 and 10,
and a 200 ohm resistor in series with a 75 pF
capacitor from pin 4 to ground, the amplifier is
stable to unity gain. The unity gain loop phase
margin with the above compensation is typically
70 degrees. With a gain of 10 and no compensation
the loop phase margin is typically 50 degrees.

schematic and connection diagrams

INPUT FREQUENCY OUTPUT FREQUENCY
COMPENSATION COMPENSATION
10 4 8
- 2 v+
:: 10K :: 10K :: x® COMPENSATION
< <
weur (1)
K o %
Li— weut (3) () ourrur

1
+
INPUTS

)

>
< <
> >
S 12x Qx

GROU'ND
typical applications

Voltage Follower

ouTeyT

*May be zero or equal to the
input resistance for minimum
offset.

**To minimize crossover distortion
at higher frequencies. May be
omitted for low frequancy

= application or selected to suit

design requirements

Offset Balancing Circuit

50— 1K

&y *Typical value, Rg = 100K.
CUTPYT g may be increased for greater
sensitivity with reduction in
range.

*Previously catled NHO0O5/NHOO05A

TOP VIEW

Order Number LHO005H or LHOO0SAH
See Package H10D

External Current Limiting

*Vy = Average forward voltage drop
of diodes D, to D, at approx.
1mA.

For continuous short circuit

VTR orotection (Vg = £12V,
-55°C < T, < +100°C}
Ry ym > 5092
Integrator with Bias Current Compensation
i
L
cz
0 F
n
202806
Ro 2w
]
v “Adjust R for 2er0 integration

drift.

\YSO00H 1
/SO00H 1



LHO005/LHO005A

absolute maximum ratings

Supply Voltage

Power Dissipation (see Curve)
Differential Input Voltage
Input Voltage

Peak Load Current

Storage Temperature Range
Operating Temperature Range

20V
400 mW

Equal to supply vol

+15V
Itages

+100 mA
-65°C to +150°C
-55°C to +125°C

Lead Temperature {Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
LHO005 LHO005A
PARAMETER CONDITIONS MIN | TYP | MAX{MIN| TYP | MAX [ UNITS
Input Offset Voltage
25°C Rs < 1000 5| 10 1 3 {mv
-55°C, 125°C Rs< 10002 10 4 {mv
Input Offset Current
25°C 10 125°C 1] 20 2 5 |nA
-566°C 26} 75 10 25 | nA
Input Bias Current
25°C to 126°C 151 50 8 25 | nA
-55°C 100 | 250 60 | 125 |nA
Large Signal Voltage Gain
~55°C 10 26°C R_=10K, R2=3K, Vg = *t5V 4 4{ 55 V/mVv
125°C 15[ 3 3! 6 Vimv
Qutput Voitage Swing
~55°C to0 126°C Ry =10 k§2 -10 +6 [ -10 +6 |V
25°C 1o 125°C R, = 10082 -5 +5| -5 +5 |V
~55°C R = 10082 -4 +4 | -4 +4 |V
Input Resistance
25°C 1 2 1| 2 MQ
Common Mode Rejection Ratio
25°C Vi = 24V, RS < 1000 55 [ 60 60 |66 dB
Power Supply Rejection Ratio
25°C 55 | 60 60 {66 dB
Supply Current (+)
~-55°C to 125°C 3 5 3 5 [ mA
Supply Current ()
-55°C to 125°C 2 4 2 4 | mA
Average Temperature Coefficient
of Input Offset Voltage
~55°C to 125°C Rs < 10082 20 10 uv/°C
Output Resistance
25°C 70 70 Q

Note 1: These specifications apply for pin 6 grounded, Vg = £+12V, with Resistor Rq = 20092 in series
with Capacitor C1 = 75 pF from pin 4 to ground, and Cy = 200 pF between pins 9 and 10 unless

otherwise specified.
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guaranteed performance characteristics
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typical performance characteristics
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LH0005C

National
Semiconductor

LH0005C Operational Amplifier

general description

The LHOOO05C is a hybrid integrated circuit opera-
tional amplifier employing thick film resistors
and discrete silicon semiconductors in its design.
The select matching of the input pairs of transis-
tors results in fow input bias currents and a very
low input offset current both of which exhibit
excellent temperature tracking. In addition, the
device features:

® Very high output current capability: x40 mA
into a 100 ohm load

® Low standby power dissipation:
60 mW at +12V

® High input resistance: typically 2M at 25°C

typically

Amplifiers

® QOperating range: 0° to 85°C

® Good high frequency response: unity gain at
30 MHz

With no external roll-off network, the amplifier is
stable with a feedback ratio of 10 or greater. By
adding a 200 pF capacitor between pins 9 and 10,
and a 200 ohm resistor in series with a 75 pF
capacitor from pin 4 to ground, the amplifier is
stable to unity gain. The unity gain loop phase
margin with the above compensation is typically
70 degrees. With a gain of 10 and no compensation
the loop phase margin is typically 50 degrees.

schematic and connection diagrams
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absolute maximum ratings’

Supply Voltage

Power Dissipation (see Curve)
Differential input Voltage
Input Voltage

Peak Load Current

Storage Temperature Range
Operating Temperature Range

Lead Temperature {soldering, 10 sec)

t20V

400 mW

16V

Equal to supply voltages
+100 mA

-65°C to +125°C

0°C to 86°C

300°C

electrical characteristics

LHO0005C
PARAMETER CONDITIONS MIN TYP MAX UNITS
(Note 2)
Input Offset Voltage Rg < 1002 3 10 mV
Input Offset Current 5 25 nA
input Bias Current 20 100 nA
Large Signal Voltage Gain Ry = 10K, R2 = 3K, Vout = 26V 2 5 V/mV
Output Voitage Swing Ry =10k -10 +6 \Y
Ry = 10082 -4 *6 +4 \
Input Resistance Ta = 25°C 05 2 Me2
Common Mode Rejection Ratio Vin = 4V, Rg <1009, T, = 25°C| 50 60 dB
Power Supply Rejection Ratio Ta=25°C 50 60 dB
Supply Current {+) 3 5 mA
Supply Current (-} 2 4 mA

Note 1: These specifications apply for pin 6 grounded, Vg = £12V, with Resistor R1 = 20082 in series
with Capacitor C1 = 75 pF from pin 4 to ground, and C2 = 200 pf between pins 9 and 10, over the
temperature range of 0°C to +85°C unless otherwise specified.

Note 2: Typical vatues are for 25°C only.

1000

900

800

3
£ 700 "
= CAS!
S 500 ™
s A,
£ so0
Z
2
N
= 300
Z 0
& AMBIENT

“ L1

0 25 50 % 100

TEMPERATURE ( C}

Maximum Power Dissipation

125

i OS000H1 |



LH0020/LH0020C

National
Semiconductor

LH0020/LH0020C High Gain

Operational Amplifier

general description

The £H0020/LH0020C is a general purpose opera-
tional amplifier designed to source and sink 50 mA
output currents. In addition to its high output
capability, the LH0020/LH0O020C exhibits excei-
lent open loop gain, typically in excess of 100 dB.
The parameters of the LH0020 are guaranteed
over the temperature range of -55°C to +125°C
and 15V < Vg < $22V, while those of the
LHO020C are guaranteed over the temperature
range of 0°C to 85°C and < 5V < Vg < 18V,
Additional features include:

® Low offset voltage typically 1.0 mV at 25°C
over the entire common mode voltage range.

Amplifiers

® {ow offset current typically 10 nA at 26°C for
the £{H0020 and 30 nA for the LH0020C.

m Offset voltage is adjustable to zero with a single
potentiometer.

m £14V, 50 mA output capability.

QOutput current capability, excellent input char-
acteristics, and large open loop gain make the
LH0020/LLH0020C suitable for application in a
wide variety of applications from precision dc
power supplies -to precision medium power
comparator.

schematic and connection diagrams
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absolute maximum ratings

Supply Voltage 22V
Power Dissipation 1.6W
Differential input Voltage 30V
Input Voltage {Note 1) 15V
Qutput Short Circuit Duration Commuoys
Operating Temperature Range LH0020 -65°C to +125:C
LH0020C  0°Ctog5°C
Storage Temperature -65°C to +1 50;C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics
LH0020 LH0020C
PARAMETER CONDITIONS UNITS
TEMP C MIN  TYP MAX|TEMP C|MIN TYP MAX
Input Offset Rg < 10002 25 1.0 25 25 1.0 60 mv
Voltage -551t0 +125 20 40] 0t 85 30 751 mv
tnput Offset 25 10 50 25 30 200 nA
Current -55t0 +125 100 0to85 300 nA
Input Bias 25 60 250 25 200 500 nA
Current -551t0 +126 500 01t 85 800 nA
Supply Current | Vg = t15V 25 35 5.0 25 36 60| ma
Input Resistance 25 0.6 1.0 25 03 1.0 MQ
Large Signat Vg=£15V, R =300{), V= 10V 25 100 300 25 50 150 vV mV
Voltage Gain Vg=%15V,R_ =300, Vo= *10V] -55 10 - 125 | 50 Oto 85 30 vV mv
Output Voltage |Vg = 15V, R_ - 3000 25 142 145 25 140 142 v
Swing -5510 +125] 14.0 01085 135 Vv
Output Short Vg = *1 25 100 130 25 25 120 140 mA
Circuit Current [R_ = 082
tnput Voltage Vg = £15V -55t0 +125 [212 0w 85 [+12 vV
Range Vv
Common Mode [Rg < 1000 -551t0 +125 | 90 96 Ow8s | 90 96 daB
Rejection Ratio
Power Supply Rg < 10002 ~5510 +125| 90 96 Cto85 [ 90 96 a8

Rejection Ratio

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

supply volitage.

Note 2: These specifications apply for 16V < Vg < +22V for the LH0020, 5V < Vg < 18V for
the LHOO20C, pin 8 grounded, and a 5000 pF capacitor between pins 2and 3, unless otherwise specified.
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LH0021/LH0021C LHO0041/LH0041C

National
Semiconductor

Amplifiers

LH0021/LH0021C 1.0 Amp Power Operational Amplifier
LHO041/LH0041C 0.2 Amp Power Operational Amplifier

general description

The LH0021/LH0O021C and LH0041/LH0041C are
general purpose operational amplifiers capable of
delivering large output currents not usually asso-
ciated with conventional 1C Op Amps. The LH0021
will provide output currents in excess of one
ampere at voltage levels of £12V,; the LH0041
delivers currents of 200 mA at voitage levels
closely approaching the available power supplies.
In addition, both the inputs and outputs are pro-
tected against overload. The devices are compen-
sated with a single external capacitor and are free
of any unusual oscillation or latch-up problems.

features

1.0 Amp (LHO021)
0.2 Amp {LH0041)

& Qutputvoltage swing *12V into 1082 (LH0021}
£14V into 10082 (LH0041)

& Wide fult power bandwidth 15 kHz

® | ow standby power 100 mW at £15V

8 | ow input offset
voltage and current

® Qutput current

1 mV and 20 nA

3.0V/us
100 dB

® High slew rate
®m High open loop gain

The excellent input characteristics and high out-
put capability of the LHO021 make it an ideal
choice for power applications such as DC servos,
capstan drivers, deflection yoke drivers, and pro-
grammable power supplies.

The LHO041 is particularly suited for applications
such as torque driver for inertial guidance systems,
diddle yoke driver for alpha-numeric CRT displays,
cable drivers, and programmable power supplies
for automatic test equipment.

The LHO021 is supplied in a 8 pin TO-3 package
rated at 20 watts with suitable heatsink. The
LHO041 is supplied in both 12 pin TO-8 (2.5
watts with clip on heatsink) and a power 8 pin
ceramic DIP (2 watts with suitable heatsink). The
LHO0021 and LHOO41 are guaranteed over the
temperature range of -55°C to +125°C while the
LH0021C and LHO041C are guaranteed from —-25°C
to +85°C

schematic and connection diagrams
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absolute maximum ratings 88
N
Juir 4
weng,  “onmy
Supply Voltage , +18V E E
Power Dissipation See curves 8 [=]
Differential input Voltage +30V B S
Input Voltage {Note 1) 16V g
Peak Output Current (Note 2) LH0021/LH0021C 2.0 Amps 00
LHO041/LH0O041C 0.5 Amps
QOutput Short Circuit Duration (Note 3) Continuous '

~55°C to +125°C
-25°C to +85°C
-65°C to +150°C
300°C

Operating Temperature Range LH0021/LH0041
LH0021C/LHO041C

Storage Temperature Range

Lead Temperature {Soldering, 10 sec)

dc electrical characteristics for LH0021/LH0021C (Note 4)

LIMITS
PARAMETER CONDITIONS LH0021 LHO021C UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rg < 1009, Te =25°C 10 30 3.0 6.0 myv
Rs < 1009 5.0 75 mv
Voltage Drift with Temperature Rs < 1002 3 25 30 uvic
Oftfset Voltage Drift with Time 5 5 HViweek
Offset Voltage Change with Qutput Power 5 15 5 20 HV/watt
Input Offset Current T = 25°C 30 100 50 200 nA
300 500 nA
Oftset Current Drift with Temperature 01 1.0 02 1.0 nA/"C
Offset Current Drift with Time 2 2 nAjweek
Input Bias Current Te =25°C 100 300 200 500 nA
10 1.0 HA
Input Resistance Te = 25°C 0.3 10 03 10 M
Input Capacitance 3 3 pF
Common Made Rejection Ratio Rs << 10092, AVey =110V 70 90 70 90 dB
Input Voltage Range Vg = +15V +12 212 v
Power Supply Rejection Ratio Rg < 10082, AVg = +10V 80 96 70 90 dB
Voltage Gain Vg = 15V, Vg = 210V
R = 1k, T¢ = 25°C, 100 200 100 200 Vimy
Vg = t16V, Vg = #10V
Ry =100, 25 20 Vimv
Output Voltage Swing Vs = *15V, R = 1000 *+135 14 13 14 \2
Vg =$15V, R = 1082, T¢ = 26°C +11.0 12 10 12 A
Output Short Circuit Current Vg = £15V, T¢ = 25°C.Rgc = 0.582 08 1.2 16 0.8 1.2 16 Amps
Power Supply Current Vs = 15V, Vouy = 0 25 35 30 4.0 mA
Power Consumption Vg=*16V, Vouy = 0 75 105 20 120 mw

ac electrical characteristics for LH0021/LH0021C (T, = 26°C, Vg = £15V, Cc = 3000 pF)

Slew Rate Ay = +1, R_ = 10092 0.8 30 1.0 30 Vius
Power Bandwidth R, = 10002 20 20 kHz
Smalt Signal Transient Response 0.3 1.0 03 1.5 133
Smali Signat Overshoot 5 20 10 30 %
Settling Time (0.1%} AV = 10V, Ay = +1 4 4 us
Overicad .Recovery Time 3 3 us
Harmonic Distortion f=1kHz, Py =0.5W 0.2 0.2 %
input Noise Voltage Rg = 5082, BW. = 10 Hz to 10 kHz 5 5 uV rms
Input Noise Current B.W. =10 Hz to 10 kHz 0.05 0.05 nA rms
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LH0021/LH0021C LHO0041/LH0041C

dc electrical characteristics for LH0041/LH0041C (Note 4)

LIMITS
PARAMETER CONDITIONS LHO0041 LHO041C UNITS
MIN TYP MAX MiN TYP MAX
Input Offset Voltage Rg< 1000, To=25C 10 30 30 6.0 myv
Rg < 10012 5.0 75 mv
Voltage Dnft with Temperature Rg < 10082 3 5 uv/i’c
Otfset Voltage Drift with Time 5 5 uV/week
Qffset Voltage Change with Output Power 15 15 #V/iwatt
Offset Voltage Adjustment Range {Note 5) 20 20 my
input Offset Current Ta=25C . 30 100 50 200 nA
300 500 nA
Cffset Current Drift with Temperature 0.1 10 | 02 10 nA/°C
Ctfset Current Drift with Time 2 2 nA/week
Input Bias Current To=25"C 100 300 200 500 nA
1.0 10 HA
tnput Resistance Ta=25C 03 1.0 0.3 10 M
Input Capacitance 3 3 ofF
Common Mode Rejection Ratio Rg < 10052, AVey = £10V 70 90 70 90 dB
Input Voltage Range Vg = *15V 2 12 \Y
Power Supply Rejection Ratio Rg < 1002, AVg= 10V 80 96 70 90 dB
Voltage Gain Vg = 215V, Vg = 110V
R k§1, Ta=25"C 100 200 100 200 V/mV
Vg = 18V, Vg = $10V
AL = 10052 28 20 V/imV
Qutput Voitage Swing Vg = £15V, R = 10082 +13.0 14.0 130 4140 v
QOutput Short Circuit Current Vg = £16V, To - 25°C 200 300 200 300 mA
{Note 6)
Power Suppty Current Ve = £15V, Vour = 0 25 35 30 40 mA
Power Consumption Vg =*15V, Vgour =0 75 105 90 120 mw

ac electrical characteristics for LHO041/LHO041C (T, = 25°C, Vg = 15V, Cc = 3000 pF)

Slew Rate A, =41, R = 10082 1.5 30 1.0 3.0 Vs
Power Bandwidth R = 10082 20 20 kHz
Small Signal Transient Response 0.3 1.0 0.3 15 s
Small Signat Overshoot 5 20 10 30 %
Settling Time {0.1%) AV = ~|ov, Ay =41 4 4 s
Qverload Recovery Time 3 3 Ms
Harmonic Distortion f=1kHz, Po = 0.5W 02 0.2 %
Input Noise Voltage 5 = 5082, BW. = 10Hz 10 10 kHz 5 5 MV /rms
Input Noise Current B.W. = 10 Hz to 10 kHz 0.05 0.0 nA/rms

Note 1: Rating applies for supply voltages above +15V. For supplies less than +15V, rating is equal to supply voltage.
Note 2: Rating applies for LHO041G and LH0021K with Rgc = 092.
Note 3: Rating applies as long as package power rating is not exceeded.
Note 4: Specifications apply for 16V < Vg 18V, and -565°C < T = < 125°C for LH0021K and LH0041G, and -25°C <
Te < +85°C for LHO021CK, LHO041CG and LHO041CJ unless otherwise specified. Typicat values are for 25°C only.
Note 5: TO-8 “G” packages only.
Note 6: Rating applies for “3"* DIP package and for TO-8 “'G" package with Rgc = 3.3 ohms.
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OUTPUT VOLTAGE (V) OUTPUT VOLTAGE {:V) POWER DISSIPATION (W)

SHORT CIRCUMT CURRENT (mA)

typical performance characteristics
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INPUT CURRENT (nA}

LHO0021/LH0021C LHO0041/LH0041C

typical performance characteristics (con’t)

Input Current Input Voltage Range Input Noise Voltage
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typical applications {con‘t)

1870436V

b0 15v
w08
62082 - Ay
Vour, T
sav 74
5000 pF
5w
s

Vour, © Vour
RI- &a

as
5K

"4
w70 v

Dual Tracking One Amp Power Supply

STaTION
'

STATION
?

Two Way Intercom

%V
Q
o 2N E)
1
-
:
1]
+ 3
9 '
o]
206 L15v
10
1 S

Power Comparator

g 0EFLECTION voxe

Vo
tour - Ry

A1
Tohm
"

H—a,
T

CRT Deflection Yoke Driver

R2
i«
v 5000 5F
a1
s |, e
Vie O—AAA
s
LHoBaC)
a4
S0k
]
—AA +
I i
= 3 AR
- AV JViNgR2y, vour
A out ﬁ(m)'nﬁ»n - 20mArv

i

Programmable High Current Source/Sink

SIZE 9 SEAVO MOTOR

DC Servo Amplifier

1-27

-
§
f -
=
-
Xz
=]
=]
-
-—h
0

-
§
N
=
[
I
=]
Q
N
by
9]




LH0021/LH0021C LHO0041/LH0041C

auxiliary circuits

LHO0021 Unity Gain Circuit with LHO0041G Unity Gain with
Short Circuit Limiting Short Circuit Limiting

A3 RI
= Mo
LHO0041/LH0021 Offset Voltage Null Circuit 1L H0041G Offset Voltage Null Circuit N

{LHO041CJ Pin Connections Shown)*

FOSITIVE NEGATIVE

OV -1V<Vayr <1V 1V < Vour < ¥V

o
18V Va6

Operation from Single S

LR

Operation from Non-Symmetricsl Supplies

*For additional offset null circuit techniques see National Linear Applications Handbook.
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National
Semiconductor

Amplifiers

LH0022/LH0022C High Performance FET Op Amp
LH0042/LH0042C Low Cost FET Op Amp
LHO0052/LH0052C Precision FET Op Amp

general description

The LHO0022/LH0042/LH0052 are a family of
FET input operational amplifiers with very closely
matched input characteristics, very high input
impedance, and uitra-low input currents with no
compromise in noise, common mode rejection
ratio, open loop gain, or slew rate. The internally
faser nuiled LHO052 offers 500 microvolts maxi-
mum offset and 6 uV/°C offset drift. Input offset
current is less than 500 femtoamps at room tem-
perature and 100 pA maximum at 125°C. The
LH0022 and LHO042 are not internally nulled but
offer comparable matching characteristics. All de-
wces in the family are internally compensated and
are free of latch-up and unusual oscillation prob-
lems. The devices may be offset nulled with a
single 10k trimpot with neglible effect in CMRR.

The LH0022, LH0042 and LHO052 are specified
for operation over the ~55°C to +125°C military
temperature range. The LH0022C, LH0042C and
LHO052C are specified for operation over the

-25°C to +85°C temperature range.

features

® Low input offset current—5Q0 femtoamps max.

(LH0052)

Low input offset drift—6uV/°C max (LH0052)
Low input offset voltage — 100 microvolts-typ.
High open toop 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
package)

The LHO0022/LH0042/L.H0052 family of IC op
amps are intended to fulfill a wide variety of appli-
cations for process control, medical instrumenta
tion, and other systems requiring 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 tow cost high performance for
such applications as electrometer and photocell
amplification, pico-ammeters, and high input im-
pedance buffers.

Special efectrical parameter selection and custom
built circuits are available on special request.

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

schematic and connection diagrams

Dual-In-Line Package

w1 — b 14 nC
v e 2 — —13ne
RIHHEES | 12 N nveRT
e 4 -~ — 11 NG
- o gt
ONEL 8 — Lo v
e 7~ t— 8 outPuT
outrur

TOP VIEW

Order Number LH0022D,

LH0052D or LHO052CD

See Package D14E

Metal Can Package

GHESET 0K ROT ENTEARAL: ossser
vy

*Previously Called NHO0?"/NH0022C

v-
TOP VIEW
Order Number LHO022H, LH0022CH,
LHO042H, LHO042CH,
LHO052H or LHO052CH

See Package HOBA

OCS00H1/2S00HT
O200H1/200H
OZ200H1/2200H1

LH0022CD, LH0042D, LH0042CD,




LH0022/LH0022C LH0042/LH0042C LH0052/LH0052C

absolute maximum ratings

Supply Voltage

Power Dissipation (see graph)

Input Voltage (Note 1)

+22V

500 mW

Differential Input Voltage (Note 2)
Voltage Between Offset Null and V™

Short Circuit Duration

+15V
+30V
+0.5V

Continuous

Operating Temperature Range

LH0022, LH0042, LH0052
LH0022C, LH0042C, LHO052C
Storage Temperature Range

-25°C to

~55°C 10 +125°C

+85°C

-65°C to +150°C

L_ead Temperature (Soldering, 10 sec)

dc electrical characteristics

300°C

For LH0022/LH0022C (Note 3)

LIMITS
PARAMETER CONDITIONS LH0022 LH0022C UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rg< 100k, Ty = 25°C, 20 40 35 6.0 mV
: Vg = £15V
Rg < 100 kS, Vs = 16V 5.0 70 .y
Temperature Coefficient of Rg < 100 k2 5 10 5 15 uv/°C
Input Offset Voltage
Offset Voltage Drift with Time 3 4 MV /week
input Offset'Current {Note 4) 0.2 20 1.0 5.0 pA
2.0 05 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
input Offset Current *
Otfset Current Drift with Time 0.1 0.1 pA/week
Input Bias Current (Note 4) 5 10 10 25 pA
10 25 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Bias Current
Differential Input Resistance 102 10'? Q
Common Mode Input Resistance 10'2 10'? Q
tnput Capacitance 4.0 4.0 pF
Input Voltage Range Vg = t15V 12 $135 +12 *13.5 v
Common Mode Rejection Ratio Rg < 10kS2, Vi = 210V 80 90 70 90 d8
Supply Voltage Rejection Ratio R < 10 k§2, BV < Vg K 215V 80 90 70 90 d8
Large Signal Vottage Gain Ry = 2KkS§2, Vour = 210V, 100 200 75 160 V/imV
Tp=25°C, Vg = 215V
R, = 2k§2, Vour = £ 10V, 50 50 v/imV
Vg = 15V
Output Voltage Swing R k§2, Ta = 25°C, +10 1126 +10 %12 v
Vg = t15V
R, = 2Kk§2, Vg = *16V 10 +10 v
Output Current Swing Vout = 210V, T4 = 25°C +10 16 +10 +15 mA
Gutput Resistarice 75 75 Q
Qutput Short Circuit Current 25 25 mA
Supply Current Vg = +16V 2.0 25 2.4 28 mA
Power Consumption Vg = £16V 75 85 mwW
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dc electrical characteristics for LHO042/LH0042C (Note 3)
(Vs = £15V, unless otherwise specified)
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LIMITS 5
PARAMETER CONDITIONS LH0042 LH0042C UNITS T
MIN TYP MAX | MIN TYP | MAX I=)
Input Offset Voltage Rs < 100 k§2 50 20 50| 20 mv (=]
Temperature Coefficient of Rs < 100 kS2 5 10 uv/c c’s
input Offset Voltage
Offset Voltage Detft with Time 7 10 uViweek (2]
Input Offset Current (Note 4) 1 ] 2 10 pA
Temperature Coetficient of Doubies every 10°C Ooubles every 10°C
input Offset Current
Offset Current Drift with Time 0.1 0.1 pA/week
input Bias Current (Note 4) 10 25 15 50 PA
Temperature Coefficient of Douttes every 10°C Doubles every 16°C .
input Bias Current
Differentiat Input Resistance 102 10" 2
Common Mode input Resistance 10"? 1072 2
tnput Capacitance a0 40 pF
Input Voitage Range 12 135 12 11358 v
Common Made Rejection Ratio | Rg< 10Kki2, V,y = +10V 70 86 70 80 de
Supply Voltage Rejection Ratio | Rg < 10ks2, 15V < vy < 115V 70 86 70 80 JB
Large Signal Valtage Gain Ry= 1K, Vg p = t10V 50 150 25 100 Vimv
Output Voltage Swing R, - 1ki2 10 125 +10 212 v
QOutput Current Swing Vour = 210V +10 +15 10 15 mA
Output Resistance 75 75 @
Output Short Circuit Current 20 20 mA
Supply Current 25 35 28 4.0 mA
Power Consumption 105 120 mw

dc electrical characteristics ror LHO0052/LH0052C (Note 3)

LIMITS
PARAMETER CONDITIONS LH0052 LH0052C UNITS
MIN § Tve | Max | miN | Tvp | max
Input Otfset Voltage Rg X 100 k82, Vg = - 15V, o 05 62 10 v
Ta 25C
Rg< 100 k2 Vg = 15Y 10 15 mv :
. Temperature Coefhicient of R 100 k62, Vg = 115V 2 5 5 10 LV, C
input Offset Volitage
Offset Voitage Drift with Time 2 4 LV week
Input Offset Current {Note 4) act 05 002 1.0 pA
100 100 pA
Temperature Coetficient of Ooubles every 10°C Doubles every 10°C
tnput Oftset Current
Offset Current Deift with Time <0.1 <0 pA week
Input Bias Current (Note 4) 05 25 1.0 50 pA
25 05 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Bias Current
Differential Input Resistance 10'2 10'? Q
Common Mode Input Resistance 10'? 10'? Q
Input Capacitance 4.0 40 oF
Input Vottage Range Vg = - 15V 12§ 2135 212 | -138 %
Common Mode Rejection Ratio. | Rs < 10 k82 v,y = £10V 74 90 70 90 48
Supply Voltage Rejection Ratio | Rs< 10 k2 *5V < Vg < : I5V 74 90 70 % o8
Large Signal Voltage Gain R, = 2k Vayr = 110V, 100 | 200 75 | 160 vimy
Vg = 218V, T, =« \?S’C
Ry = ZKSL, Vour = 110V, 50 50 vimv
Vg = 16V
Output Voltage Swing Ry = 1k§2, Ta=26C 0 | 128 €0 | 12 v
Vg = £16V
RL = 2kil, Vg = *15V 10 10 v
Output Current Swing Vour = *10V, T, = 25°C +10 15 +10 15 mA
Output Resistance . 75 75 51
Output Short Circuit Current 25 25 mA
Supply Current Vg = 216V 3.0 35 30 38 mA
Power Consumption Vg = 115V 105 114 mw
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ac electrical characteristics For all amplifiers (T4 = 26°C, Vg = £16V)

LIMITS

PARAMETER CONDITIONS LH0022/42/52 LH0022C/42C/52C UNITS

MIN TYP MAX | MIN TYP | MAX

Slew Rate Voltaye Foliower 15 3.0 10 3.0 Vius
Large Signat Bandwidth Voltage Fottower 40 40 kHz
Small Signal Bandwidth 10 10 MHz
Rise Time 03 15 03 15 us
Overshoot 10 30 15 40 %
Settling Time {0.1 %) AV = 10V 45 45 us
Overload Recovery 4.0 4.0 us
input Noise Voltage Rg = 10 KS2, fo = 10Hz 150 150 nVA/Hz
1nput Noise Voltage Ry = 10 kS, fo = 100 Hz 55 56 NG
input Noise Voltage Rg = 10 k2, fo = 1 kHz 35 35 nVA/HZ
Input Noise Voltage Ry = 10 kS, £, = 10 kHz 30 30 nvA/Hz
input Noise Voltage BW = 10 Hz to 10 kHz, Rg = 10 k{2 12 12 uvrms
Input Noise Current BW = 10 Hz to 10 kHz <1 <A PArms

LH0022/LH0022C LH0042/LH0042C LHO0052/LH0052C

Note 1: For supply voitages 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 k€2, maximum differential
input voltage is tBV.

Note 3: Unless otherwise specified, thase specifications apply for 5V < Vg < 20V and 557 C = Ta = £125°C for the
LHO022 and LHOO52 and -25°C < T4 = +85°C for the LHO022 and LHO052C Typica! values are given for Ta = 25°C.

Note 4: Input currents are a strong function of temperature. Due to high speed testing they are specified a junction temperature
T, = 26° C, self heating will cause an increase in current in manual tests.

auxiliary circuits (shown for TO-5 pin out)
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typical applications (con‘t)
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LH0022/LH0022C LH0042/LH0042C LHO0052/LH0052C

typical performance characteristics
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typical performance characteristics (con’t)
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LH0024/LH0024C

National |
Semiconductor

Amplifiers

LHO0024/LH0024C High Slew Rate Operational

Amplifier

general description

The LH0024/ LH0024C is a very wide bandwidth,
high slew rate operational amplifier intended to
fulfitl a wide variety of high speed applications
such as buffers to A to D and D to A converters
and high speed comparators. The device exhibits
useful gain in excess of 50 MHz making it possible
to use in video applications requiring higher gain
accuracy than is usually associated with such
amplifiers.

features

m Very high slew rate — 500 V/us at Av = +1
m Wide smalt signal bandwidth — 70 MHz

® Wide targe signal bandwidth — 15 MHz

= High output swing — £12V into 1K

m Offset nuit with single pot
® Low input offset — 2 mV
®m  Pin compatible with standard }C op amps

The LH0024/LH0024C’s combination of wide
bandwidth and high slew rate make it an ideal
choice for a variety of high speed applications
including active filters, oscillators, and compara:
tors as well as many high speed general purpose
applications.

The LH0024 is guaranteed over the temperature
range -55°C to +125°C, whereas the LH0024C
is guaranteed ~25°C to +85°C.

schematic and connection diagrams
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absolute maximum ratings

Supply Voitage
Input Voltage
Differentiat Input

Voitage

Power Dissipation

Operating Temperature Range

Storage Temperat

LH0024
LH0024C
ure Range

18V
Equal to Supply
EY

600 mw

-55°C to +125°C
-25°C to +85°C
-65°C to +150°C

Lead Temperature {Soldering, 10 sec) 300°C
dc electrical characteristics (Note 1)
LHO0024 LH0024C
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Vohtage | Rg = 5002, T, = 25°C 20 4.0 5.0 8.0 mv
Rg = 5082 6.0 10.0 mvV
Average Temperature | Vg = 15V, Rg = 500 -20 -25 uvree
Coefficient of Input -55°C to 125°C
Offset Voltage N
Input Offset Current Ta=25°C 20 5.0 4.0 15.0 MA
10.0 20.0 HA
Input Bias Current Ta=25°C 15 30 8 40 uA
40 50 HA
Supply Current 12.5 15 125 15 mA
Large Signal Voltage Vg =+15V, R = 1k, Ta=25°C 4 5 3 4 V/mV
Gain Vg =15V, R = 1k 3 25 V/mv
Input Voltage Range Vg = £15V +32 +13 +12 +13 \%
Output Voltage Vs=#18V, R =1k, To=25°C | +12 | 213 10 +13 \
Swing Vs=#15V, R, = 1k + +10 v
Slew Rate Vg =15V, R _= 1k, 400 | 500 250 400 Vips
Cy=C,=30pF
Ay =+1,To=25°C
Common Mode Vs = 215V, AV, = 10V 60 60 dB
Rejection Ratio Rg = 502
Power Supply 15V < Vg < 18V 60 60 daB
Rejection Ratio Rg = 502

Note 1: These specifications apply for Vg = £+15V and -565°C to +125°C for the LHO024 and

frequency compensation
TABLE ¢
CLOSED

LOOP GAIN G C2 Cs

100 0 0 0

20 [ 0 o
10 0 20pF | 1pF
1 30pF | 30pF | 3pF

-25°C to +85°C for the LH0024C.

Frequency Compensation Circuit
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LH0024/LH0024C

typical performance characteristics

Maximum Power Dissipation
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Open Loop Frequency
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applications information
1. Layout Considerations

The LH0024/LH0024C, like most high speed cir-
cuitry, is sensitive to layout and stray capacitance.
Power supplies should be by-passed as near the
device as is practicable with at least .01 uF disc
type capacitors. Compensating capacitors should
also be placed as close to device as possible.

2. Compensation Recommendations

Compensation schemes recommended in Table 1
work well under typical conditions. However, poor
layout and long lead lengths can degrade the per-
formance of the LH0024 or cause the device to
oscillate. Stight adjustments in the values for
C1, C2, and C3 may be necessary for a given
layout. In particular, when operating at a gain of

SUPPLY VOLTAGE (:V)

SUPPLY VOLTAGE (:V)

Input Bias Current vs Voltage

2 I
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=
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z H
3
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b
5
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Zz 5
]

4 & 8 10 12 14 16 18
SUPPLY VOLTAGE (+V}

-1, C3 may require adjustment in order to per-
fectly cancel the input capacitance of the device.

When operating the LH0024/LH0024C at a gain
of +1, the value of R1 should be at least 1K ohm.

The case of the LH0024 is electrically isotated from
the circuit; hence, it may be advantageous to drive
the case in order to minimize stray capacitances.

3. Heat Sinking

The LH0024/LH0024C is specified for operation
without the use of an explicit heat sink. However,
internal power dissipation does cause a significant
temperature rise. Improved offset voltage drift
can be obtained by limiting the temperature rise
with a clip-on heat sink such as the Thermalloy
2228B or equivalent.
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National
Semiconductor

Amplifiers

LHO0032/LH0032C Ultra Fast FET Operational

Amplifier

general description

The LH0032/LHO032C is a high slew rate, high
input impedance differential operational amplifier
suitable for diverse application in fast signal handi-
ing. The high allowable differential input voltage,
ease of output clamping, and high output drive
capability particularly suit it for comparator appli-
cations. It may be used in applications normally
reserved for video amplifiers allowing the use of
operational gain setting and frequency response
shaping into the megahertz region. :

features

™ High slew rate 500 V/us
® High bandwidth 70 MHz
® High input impedance 102

® Low input bias current 20 pA max
m Offset null with single pot
® Low input offset voltage 2 mV max

® No compensation for gains above 50

The LHO032's wide bandwidth, high input imped-
ance and high output capacity make it an ideal
choice for applications such-as summing amplifiers
in high speed D to A's, buffers in data acquisition
systems, -and sample and hold circuits. Additional
applications include high speed integrators and
video amplifiers. The LHO032 is guaranteed over
the temperature range ~55°C to +125°C and the
LH0032C is guaranteed from -25°C to +85°C.

schematic and connection diagrams
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absolute maximum ratings

LHO0032/LH0032C

Supply Voltage 18V
Input Voltage Vg
Differential Input Voltage : +30V
Power Dissipation See curve
Operating Temperature Range LH0032 -55°C to +125°C

LH0032C ~25°C 1o +86°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

dc electrical characteristics (Note 1)

LH0032 LH0032C .

PARAMETER CONDITIONS MIN TYP MAX MIN TYP TAX UNITS
Input Offset Voltage T, =25°C (Note 3) 2 8 5 15 mv
10 20 mv

Average Offset Voitage Drift 25 25 uv/°c
tnput Bias Current T, =25°C  (Note 3} 10 100 25 200 pA
50 15.0 nA
Input Offset Current T, =25°C  (Note 3) 5 25 10 50 pA
25 5 nA
Large Signal Voltage Gain VouTt = £10V, f= 1 kHz, R = 1x82| 60 70 60 70 a8

T, =25°C

Vour =10V, f=1kHz R = 1k2] %7 57 a8
Input Voitage Range 10 212 +10 2 A
Output Voltage Swing R = 1kQ2 +10 ¥13.6 +10 13 A\
Power Supply Rejection Ratio AVg = £10V 50 80 50 B0 dB
Common Mode Rejection Ratio AViN =10V 50 60 . 50 60 dB
Supply Current T, =25°C 18 20 20 22 mA

ac electrical characteristics (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Slew Rate . Ay = +1, AV = 20V 350 500 Vius
Settling Time to 1% of Final Value Ay = -1, AV |y = 20V 100 ns
Settling Time to 0.1% of Final Value Ay =-1,4V |y = 20V 300 ns
Small Signal Rise Time - Ay =+1, AV iy = 1V 8 20 ns
Small Signal Delay Time Ay =+1, AV =1V 10 25 ns

Note 1: These specifications apply at Vg = +16V and over -55°C to +125°C for the LH0032 and -25°C to +86°C for the
LHO0032C, unless otherwise specified.

Note 2: These specifications apply for Vg = £16V, Ry = 1k2 amd Ty = 25°C
Note 3: Due to high speed automatic testing, these parameters are correlated to junction temperature.
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typical performance characteristics (con’t)

Maximum Power Dissipation Large Signal Pulse Response

Large Signal Pulse Response
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LH0032/LH0032C

auxiliary circuits

Offset Null

11
INPUTS | OUTPUT

typical applicatiohs (con't}

Unity Gain Amplifier

INPUT

1000

100X Buffer Amplifier

INPUT

INPUT

Output Short Circuit Protection

10X Buffer Amplifier

INPUT

Non-Compensated Unity Gain Inverter

L_ ouTPuT
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typical applications (con’t)

High Speed Sample and Hold

eyt

1"

206
T wau o

———0 outruT

" Use polystyrene diglectric for minimum drift.

Current Mode Mutiplexer

TO ADDITIONAL SWITCHES

. [ o ™

ANALOG tNAUT - 10ay

waran

3208

9

p——0 outPuT

applications information

Power Supply Decoupling

The LH0032/LHO032C like most high speed cir-
cuits is sensitive to layout and stray capacitance.
Power supplies should be by-passed as near to
Pins 10 and 12 as practicable with low inductance
capacitors such as 0.01 uF disc ceramics. Compen-
sation components should also be located close to
the appropriate pins to minimize stray reactances.

Input Capacitance

The input capacitance to the LH0O032/LH0032C is
typically 5 pF and thus may form a significant
time constant with high value resistors. For opti-
mum performance, the input capacitance to the
inverting input should be compensated by a small
capacitor across the feedback resistor. The value
is strongly dependent on layout and closed loop
gain, but will typically be in the neighborhood of
several picofarads.

LLJ.:}_|‘_O v
—— e

R

vour o

In the non-inverting configuration, it may be
advantageous to bootstrap the case and/or a guard
conductor to the inverting input. This serves both
to divert leakage currents away from the non-
inverting input and to reduce the effective input
capacitance. A unity gain follower so treated will
have an input capacitance under a picofarad.

Heat Sinking

While the LHO032/LH0032C is specified for opera-
tion without any explicit head sink, internal power
dissipation does cause a significant temperature
rise. Improved bias current performance can thus
be obtained by limiting this temperature rise with
a small head sink such as the Thermalioy No. 2241
or equivalent. The case of the device has no inter-
nal connection, so it may be electrically connected
to the sink if this is advantageous. Be aware, how-
ever, that this will affect the stray capacitances
to all pins and may thus require adjustment of
circuit compensation values.
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LHO0044 Series

National
Semiconductor

Amplifiers

LHO0044 Series Precision Low Noise

Operational Amplifiers

General Description

The LHO044 Series is a low noise, ultra-stable, high gain,
precision operational amplifier family intended to replace
either chopper-stabilized monolithic or modular ampli-
fiers. The devices are particularly suited for differential
mode, inverting, and non-inverting mode applications
requiring very low initial offset, low offset drift, very
high gain, high CMRR, and high PSRR. In addition,
the LH0044 Series’ low initial offset and offset drift
eliminate costly and time consuming null adjustments
at the systems level. The superior performance afforded
by the LH0044 Series is made possible by advanced
processing and testing techniques, as well as active
laser trim of critical metal film resistors to minimize
offset voltage and drift, Unique construction eliminates
thermal feedback effects.

The LH0044 Series is an excellent choice for a wide
range of precision applications including strain gauge
oridges, thermocouple amplifiers, and uitrastable refer-
ence amplifiers. The LH0044 and LHOO044A are

guaranteed over the temperature range of -55°C to
+125°C, and the LHO044AC, LH00448B, and LH0044C
are guaranteed from —25°C to +85°C. The device is
available in standard TO-5 op amp pin out and is
compatible with LM108A, LM725, and LM741 type
amplifiers. -

Features

= | ow input offset voitage 25uV max
m  Excellent long-term stability +1uV/month max
® Low offset drift 0.5uV/°C max
m Very low noise 0.7uVp-p max 0.1 Hz to 10 Hz
m» High CMRR and PSRR 120 dB min
m  High open loop gain 120 dB min
B Wide common-mode range +13V min
& Wide supply voltage range 2V to 220V

Equivalent Circuit and Connection Diagram

OVER COMP

1

L <
R1 R2
2 s e

]
come O

INVERTING
INPUT

R6

500
NON-INVEATING ~ 3 AA
INPUT o=

VA—o-

50k

[
100 pF

03
R7 13v

™~

A L0 outeur
Metal Can Package

TOP VIEW

Case is electrically isolated

Note: Compensation is not normally vequired. However, for maximum
stability, a 0.014F capacitor shoutd be placed between pins 7 and 8 when
device is used below clused loop gains of 10.

Order Number LHO044H,
LHO044AH, LHO044CH, LHOO44ACH,
LHO044BH
See Package HO8B
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Absolute Maximum Ratings

Supply Voltage +20V Operating Temperature Range
Power Dissipation 600 mwW LH0044, LHO044A —55°C to +125°C
Differential Input Voitage (Note 4) 1V LHOO044AC, LH0O044B, LH0044C —25°C to +85°C
Input Voltage {Note 5) 16V Storage Temperature Range —65°C to +150°C
Output Short-Circuit Duration Continuous Lead Temperature {Soldering, 10 seconds) 300°C
DC Electrical Characteristics (Note 1)
LIMITS
PARAMETER CONDITIONS LHO044A/LH0044AC LH0044/L HO044B/1LHO044C UNITS
MIN TYP MAX MIN TYP MAX
tnput Offset Voitage Ta = 25°C, Rg = 5042, Vem =0V 8 25 12 50 uv
LHO0044C Oniy 100 uv
Input Offset Voltage Rs = 5082, Ve = OV 50 150 uv
LHOO44A and LH00448 Onty 75 75 uv
Average Input Offset Voltage Drift | Ty .y < T, < Tmax 0.1 05 0.2 1.3 uv/e
LHO044B Only 05 uv/°c
Long-Term Stability {Note 2) 0.2 1 0.3 2 uV/month
Input Noise Voltage {Note 3) BW = 0.1 Hz to 10 Hz, Rg = 5002 0.35 0.7 0.35 0.8 uVp-p
Rs = 10 k§2 imbalance 0.50 0.9 0.50 1.0 uVp-p
Thermal Feedback Coefficient 0.005 0.005 uv/mw
Open Loop Voltage Gain R =10k 120 145 114 140 dB
Common-Mode Rejection Ratio =10V <Vep <+ 10V 120 145 114 140 dB
Power Supply Rejection Ratio 3V < Vg < +18V 120 145 . 114 140 dB
Input Voltage Range +13 +13.8 12 +13.5
Output Voltage Swing R =10k 13 *13.7 +12 13,5
Input Offset Current 25°C < Ta € Trax 1.0 2.5 1.5 5.0 nA
Twvin ST <25°C 5.0 10.0 nA
Average Input Offset Current Drift 5 40 15 80 pA/°C
Input Bias Current 25°C<Ta < Tyax 8.5 15 10 30 nA
Tuin €Ta <25°C 50 100 nA
Average Input Bias Current Drift 50 300 100 600 pA/°C
Differential Input Impedance [ 10 25 8 MQ
Common-Mode Input Impedance 2x 10" 2x 10" Q
Supply Current I.=0 6.9 3.0 1.0 4.0 mA
Power Dissipation < 27 90 30 120 mw
AC Electrical Characteristics 7, - 25°c, v = 15v
PARAMETER CONDITIONS Typ UNITS
Input Noise Voltage Rg =1k, f5 = 10 Hz 11 nVA/Hz
Rs = 1k, fg = 1 kHz 9 nVA/Hz
Slew Rate Ay =+1, R =10k, V=110V 0.06 Vius
Large Signal Bandwidth Ay =+1, R_=10kQ, V,y =210V 1 kHz
Overload Recovery Time Ay =+100, Vi = =100 mV, AV, = 200 mV 5 us
Small Signal Bandwidth Ay =41, R_ =10kQ 400 kHz
Small Signal Rise Time Ay =+1, R_ =10k, Viy =10mV 2.5 us
Overshoot Ay =+1, R, =10k, V| =10mV, C_ =100 pF 10 %

Note 1: All specifications apply for all device grades, at Vg = *1
TMAX is +125°C for the LHO044A and LHO044, TmIN is —25°

given for Tp = 26°C.

Note 2: This parameter is not 100% tested; however, 80% of the devices are
and after initial turn-on stabilization.

5V, and from Tpy N to TpMax uniess otherwise specified. TMIN is ~55°C and
C and Tmax is +85°C for the LHOO44AC, LHO0448 and LHQ044C. Typicals are

guaranteed to meet this specification after one month of operation

Note 3: Noise is 100% tested on the LHO0O44A, LHOO44AC and LHO044B only. 90% of the LH0044 and LH0044C devices are guaranteed to meei

this specification.

Note 4: The inputs are shunted by back-to-back diodes for over-volta

excess of 1V. Input current should be limited to less than 1 mA.

Nate 5: For supply voltages less than +18V, the absolute maximum input voltage is equal to the supply voitage.

ge protection. Excessive current will flow for differential input voltages in
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LH0044 Series

Typical Performance Characteristics

OUTPUT VOLTAGE SWING (V) INPUT BIAS CURRENT (nA) TOTAL NOISE VOLTAGE (nv/A/Hiz)

PSRR (48)

Total input Noise

Voltage vs Frequency Input Bias Current

2% - T 30 1
] T Ta =-55°C
20 - H :<=:
E o
&
18 T g |
=
y : z
1 o1 L g Ta=25°C
= 10 i -
5 il | £ Ta =125°C
0 L1l Ll 1
10 100 1k 10k 100k 0 5 +10 15 =20
FREQUENCY {H2) SUPPLY VOLTAGE (V)
Input Bias Current vs Common- Supply Current vs
Mode Input Voltage Supply Voitage
1 T T 12
Vs = 215V I |
° 14
s Ta=25°C _ Ta - 66°
E 1.0 }
=
{1 z 09
E o
s 3 Ta = +125°C
o % 07
§ 08
L1 ] .
05
15 04 =
-5 -18 -5 6 § 10 15 [ 5 10 +16 +20
COMMON-MODE INPUT VOLTAGE (V) SUPPLY VOLTAGE (V)
targe Signal Voltage
Response QOutput Swing
+15 T
=2 i Vg = +15V
Vg =215V
10 1 8, =10k
Ta=25°C _ |Ta= 125°C
+8 2 .
©
z
6 E
[ Ta =25°C—]
g {
+4 ) E +§ ]
\ Ta = —-55°C —=
I
il
[
100 & 10k 100k o 2 4 6 8
FREQUENCY {H2) QUTPUT CURRENT (mA)
Power Supply Rejection
Ratio vs Frequency CMRR vs Frequency
160 180 .
140 120 ™ Vg = 415V
AV =0V
i 100 Ta=25°C
100 .
2 0
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60
50 H \
20 L]
20 0
[
03 ) 10 100 1% 01 1 10 100 1k 10k 100k 1M
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VOLTAGE GAIN {d8)

OUTPUT VOLTAGE (V)

POWER (mW)
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] ;5 a0 15 120
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Applications Information
LOW DRIFT CONSIDERATIONS

Achieving ultra-low drift in practical applications
requires strict attention to board layout, thermocouple
effects, and input guarding. For specific recommendations
refer to AN-63 and AN-79.

A pointworth stressing with regard to low drift specifica-
tions is testing of the LH0044. Simply stated—it is
virtually impossible to test the device using a thermo-
probe or other form of local heating. A one degree
centigrade temperature gradient can account for tens
of microvolts of virtual offset (or drift). The test circuit
of Figure 1 is recommended for use in a stabilized oven
or continuously stirred oil bath with the entire circuit
inside the oven or bath. Isothermal layout of the resistors
is advised in order to minimize thermocouple induced

EMF's.
>— 15V
me | !
Lo 2N g R
VWA~ )
< R3* J ] AN
ISOTHERMAL P3N DUt >_‘Vouv -
R2* >20 e,
< 1000 Vs
10k 3 |
WA + A

|
—%)— “15v
Tn‘w }
AN
OVEN, -85°C < T, < +126°C ” /|>j—'
o6l

*Wire-wound construction (TCR < 10 ppp/°C)

EDGE
CONNECTOR

FIGURE 1. LH0044 Temperature Test Circuit

OVER COMPENSATION

The LH0044 may be overcompensated in order to
minimize noise bandwidth by paralleling the internal
100 pF capacitor with an external capacitor connected
between pins 1 and 6. Unity gain frequency may be
predicted by:

4x107
f= — (Hz)
100 pF + Cqy, pF

Typical Applications

Buffered Output for Heavy Loads

COMPENSATION

For closed loop gains in excess of 10, no external com-
ponents are required.for frequency stability. However,
for gains of 10 or less, a 0.01uF disc capacitor is
recommended between pin 7 (V') and pin 8 (Comp).
An improvement in ac PSRR will also be realized by
use of the 0.01uF capacitor.

OFFSET NULL

In general, further nulling of LHO044 is neither necessary
nor recommended. For most applications the specified
initial offset is sufficient.

However, for those applications requiring additional
null, an obvious temptation might be to place a pot
between pins 1 and 8 with the wiper returned to V¥,
This technique will usually result in reduced gain and
increased offset drift due to mismatch in the TCR of
the pot and R1 and R2. The technique is, therefore, not
generally recommended.

The recommended technigue for offset nulling the
LHQO044 is shown in Figure 2. Nulf is accomplished in
A, and all errors are divided by the closed loop gain of
the. LHO044. Additional offset and drift incurred due
to use of A, is less than 1uV/V for V* and V- changes
and 0.01uV/°C drift for the values shown in Figure 2.

M
AAA
VW
+15V
1k 2
Vin WVAA - 7
Ay 5 10k
LHD04) VW
5V
Th 1
E.va__ + (
L 100k
= -15v 10k

‘ISOmV/
+

-15v

FIGURE 2. LH0044 Nuil Technique

-4 Gain=g, Ry
= =02x10 3{A? + R2) far Vi < 10V

*Wire-wound resistors

X1000 Instrumentation Amp

147

4
-3
(/]

-
3
3
F -3




LHO0044 Series

Typical Applications (Continued)

v 22017

N ©

v,
o A1

four <100 mA

W

LE o
™ 470.F

hY!

ﬁ

-1 fo

lour < 100 mA

AAA
VWA~ I \
A Q) - 15V QUTPUT

MIN

“Wire-wound for minimum 8rift.
Line and load reguiation < 0.005%

24030

Precision Duat Tracking Regulator

Vz (R2+ 83}
PP Siieiided

+15V R2
O 0k
0%

C oo = 10V

1/8 MAMS2

- STANDARD
= CELL

=

10V Reference Supply

R2 R3 [+]
2 A T 25K 0
oA AN
R1
[l &)
VWA~
INVERTING E}
INPUT
qutPuT
NON-IRVERTING 3
INPUT
A8
2525
16 2
O—AN
)
'i}'l’ll
VWA
" 13
o ()
Al resistors are part of National’s RA201 resistor array.
OVERALL INPUT STAGE OUTPUT STAGE JUMPER PINS
GAIN GAIN GAIN ON RA201
X1 X1 X1 -
X2 X1 x2 5107, 12t 10
X5 .x X5 607, 111010
X10 X10 X1 2015
X20 X10 X2 210 15,5t 7,120 10
x50 X10 X5 21t015,6t07, 11 10 10
X100 X100 X1 11016
X200 X100 X2 1t016,5t07, 121010
X500 X100 X5 11016,61007, 1110 10
X995 X199 X5 11014,6107, 111010

Precision Instrumentation Amplifier
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Noise Test Circuit

0.1 Hz HIGH PASS FILTER 10 Hz LOW PASS FILTER

WF
POLYSTYRENE

3
+
3
- LHoo52
>

:, y_ p—O Vour = 10% e,
J = 10k

100

VERT: 200 av/DIV
HORIZ: 5 SEC/DIV
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LH0045/LH0045C

National
Semiconductor

Amplifiers

LH0045/LH0045C Two Wire Transmitter

general description

The LHO0045/LH0045C Two Wire Transmitters
are linear integrated circuits designed to convert
the voltage from a sensor to a current, and send
it through to a receiver, utilizing the same simple
twisted pair as the supply voitage.

The LHO045 and LHO045C contain an internal
reference designed to power the sensor bridge,
a sensitive input amplifier, and an output current
source. The output current scale can be adjusted
to match the industry standards of 4.0 mA to
20 mA or 10 mA to 50 mA.

Designed for use with various sensors, the { HO045/
LHO045C will interface with thermocouples, strain
gauges, or thermistors. The use of the power
supply leads as the signal output eliminates two
or three extra wires in remaote signal applications.
Also, current output minimizes susceptibility to
voltage noise spikes and eliminates line drop
problems.

features

® High sensitivity > 10 uA/uvV
s | ow input offset voltage 1.0 mV
® Low input bias current 20 nA
m Single supply operation 10V to 50V
m Programmable bridge reference 5.0V to 30V

{LHO045G)
& Non-interactive span and null adjust
s Qver compensation capability

® Supply reversal protection

The LHO045/LHO045C is intended to fulfill a wide
variety of process control, instrumentation, and
data acquisition applications. The LH0045 is
guaranteed over the temperature range of -55°C to
+125°C; whereas the LHO045C is guaranteed from
-25°C to +85°C.

equivalent schematic and connection diagrams

ld-.
O L1
7 l s
Vaee Om
At :: [
a
] 1)
5
o—(t +
Veee | RIS A
ADSUST | 6.0n ;.
5 L/
as 4 r
e
R
1.0k
INVERTING 1) AAA B
NPUT -} * \\
A, o
R ? Lﬁ
" ol A% _
NPT (1} v Sns
p:
‘P 100
RS [} /9
ok ’I\ 100 pF 100
BRIOGE o ¢ ARA A‘.'.'L‘) 2
RETUAR A N

U 3
g g
QVER COMMON
COMPENSATION
“MOTE: PINS SHOWN ARE FOR THE
12PN T0-8 ("6') PACKAGE.

(£33l

BRIDGE
RETURN

“Vaer
AQSUST

“NOTE: PIN 5 IS SHORTED TO PIN 6 TO OBTAIN A
NOMINAL +5.1V. Vags. LEFT OPEN Vpce = 110V

THE CASE IS ISOLATED FROM THE CIRCUIT
FOR BOTH TO-3 AND T0-8

Order Number LH0045G or LH0045CG
See Package H12B

703

INVERTING
INPUT {-}

“\. NON-INVERTING
INPUT (1}

OVER
COMPENSATION

INVERTING
-~ INPUT (-

[SXVal

NON-INVERTING
INPUT £+

-~ OVER
COMPENSATION

SRIOGE -

RETURN Vace OUTPUT

TOP VIEW
Order Number LH0045K or LHO045CK
See Package KOBA

1-50




absolute maximum ratings

Supply Voltage {L1 to common) +50V
Input Current +20 mA
Input Voltage (Either Input to Common) OV to Vaef
Differential Input Voltage 20V
Output Current (Either L1 or L2) 50 mA
Reference Output Current 5.0 mA
Power Dissipation
LLH0045G 1.5W
LH0045K 3.0w
Operating Temperature Range
LH0045 ~55°C to +125°C
LH0045C ~25°C to +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics (Note 1)
LIMITS
PARAMETER CONDITIONS LH0045 LH0045C UNITS
MIN TYP MAX MIN TYP MAX
input Offset Voltage (Vog) ls =4.0mA, T, =25°C 0.7 20 2.0 7.5 myv
ls =4.0mA 3.0 10 mv
Offset Voltage Temperature Is = 4.0 mA 3.0 6.0 uv/°c
Coefficient (AVog/AT) .
Input Bias Current (lg} Ta =25°C 08 2.0 1.5 70 nA
30 10 nA
Input Offset Current (tog) Ta =25°C 0,05 0.2 0.2 1.0 nA
0.4 15 nA
Open Loop Alg = 4.0 mA to 20 mA 108 107 108 107 us
Transconductance (gmor ) Alg = 10 mA to 50 mA 2x10°8 2x197 2x10°8 2x107 us
Supply Voltage Range (Vg) 9.0 50 9.0 50 v
LHO0045G pins 5 and 6 open 15 50 15 850 v
Input Voltage Range (V) 1.0 33 1.0 33 v
LHOG45G pins 5 and 6 open 1.0 7.6 1.0 78 v
Open Loop Qutput Vg =10V t6 45V, Ig = 4.0 mA, 1.0 1.0 MQ
Impedance {Rout) Ta=25°C
Common Mode Rejection AV = 1.0V 10 3.3V, a.1 0.05 0.1 0.05 mV/vV
Ratio (CMRR) Is = 12mA
Power Supply Rejection AVg = 10V t0 45V, 1g =12mA| o1 0.01 0.1 0.01 mv/v
Ratio {PSRR}
Open Loop Supply Current Vg = 50V 2.0 3.0 2.0 3.0 mA
{lso,)
Reference Voltage Load Alper = 0 mA to 2.0 mA, 0.05 0.2 0.06 0.2 %
Regulation (AVger/Blpgr) Ta = 25°C
Reference Voltage Line AVg = 10V to 45V, 0.3 05 0.3 0.7 mv/v
Regulation {AVgggr/AVs) Ta = 25°C
Reference Voltage Temperature| ipgr = 2.0 mA 0.004 0.004 %/°C
Coefficient (AVgee /AT)
Reference Voltage {Vpgg) Ingr = 2.0mA, Ty = 25°C 43 5.1 59 43 5.1 6.9 v
lrer = 20 mA, T, = 25°C, 8.6 10.3 12 86 103 12 v
LHO045G pins 5 and 6 open
Resistor R9 Is=12mA, T, = 25°C 95 100 105 95 100 105 Q
Average Temperature g = 12mA 50 300 50 300 PPM/°C
Coetticient of R9 (TCRg}
Resistor RS Is=1.0mA, T, = 25°C 950 1000 1050 950 1000 1050 Q
Average Temperature 1s = 1.0mA 50 300 50 300 PPM/°C
Caefficient of R5 {TCRg)
Input Resistance (R} Ta = 25°C 50 50 N MS2

Note 1: Unless otherwise specified, these specifications apply for +10V < Vg < +50V, pin 5 shorted to pin 6 on the LH0045G,
over the temperature range —56°C to +125°C for the LH004% and —25°C to +85°C for the LHO045C.
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typical performance characteristics
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typical applications®

61V}
D TS 4
T 1
Vaes
-20my - y 5,
TN A A - 0 - “y
r 1 LHOBS XXX -
10
= -
| ‘urnus s=4-28mA LN
_80.V AT THI
| | | woee A com
Vivowy
[ wou Y| :: 10k 1.6
L 1 ANA—-
ower 104 (FULL SCALE)

€OLD JUNCTION
COMPENSATION
FOR 144 FULL SCALE, Ry < Vin/1uA - SDURCE IMPEDANCE @ PIN 11
€3, Vi {FULL SCALE) = 10mV, Ry, = 10K
SRIOGE IMPEDANCE - 6.6k - = 10k - 0.0k = 9.2%

Ther ple Input Tr. itter
(5.1V)
NuLL .
AA
VW
106
me S
256 P S {7 s
) Vae?
11 S
- 1 o e
LHOMS , —
mks @ NE + .
oM o ea-2mal Sn,
— T3
AN
{ A3 ReC =
Sz 120¢ 3
h S
— 3
ayo M
1506 Y sz
> at=
{__ STRAIN GAUGE 0R suq 4 3R& > 1 = FULL SCALE
RESISTANCE THERMOMETER

Resistance Bridge Input Transmitter

5.0V}

4

|
r-i’ l
A l $ 1M I%
I

! ] aome
b3 W
| 1 Yoa
I - Tomvra [ 1w
"
| SENSOR + |
I Ul
| S - | = n tamAox=pC
AAA- 2mA = 0% - 100°C
Electronic Temperature Sensor
B
ZERO 3 >
1000 :' :: ATk ::uu
< < <
1 EE a2k
v‘v AN
! |
L Xy
T
l nnm!! I S
>
| I 9
04D JUNCTION]
[comensaTION <
S o 025V = 26°C
1.26V - 125°C

R Sensing Digital Ther

*Pin numbers refer to ‘G’ package. All voltages indicated by { } are measured with respect to common, pin 3.

1-63

-
I
=]
=
B
o
2]

1

-
I
8
4
@




LH0045/LH0045C

typical applications”(con’t)
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*Pin numbers refer to ‘G’ package. All voltages indicated by { ) are measured with respect to common, pin 3.

Instrumentation Amplifier Transmitter

applications information

CIRCUIT DESCRIPTION AND OPERATION

A simplified schematic of the LH0045/LH0045C
is shown in Figure 1. Differential amplifier, A,
converts very low level signals to an output current
via transistor Q1. Reference voltage diode D1 is
used to supply voltage for operation of A, and
to bias an external bridge. Current source I,
minimizes fluctuation in the bridge reference
voltage due to changes in Vg.

In normal operation, the LH0045/LH0045C is
used in conjunction with an external bridge
comprised of Rgy through Rgs. The bridge
resistors in conjunction with bridge return resistor,
RS, bias A, in its linear region and sense the input
signal; e.g. Rgs might be a strain sensitive resistor
in a strain gauge bridge. Rt is adjusted to purposely
unbalance the bridge for 4.0 mA output (null)
for zero signal input. This is accomplished by
forcing 2.54A more through Rgj than Rg,.

1amA

The 2.5uA imbalance causes a voltage rise of
(2.5uA) x (10082) or 250uV at the top of Rgj.
Terminal L2 may be viewed as the output of an
op amp whose closed loop gain is approximately
Re/Rgs = 1600.

The 250uV rise at the top of Rggy causes a
voltage drop of {1600) x (250uV) or —0.4V across
R9. An output current, lg, equal to 0.4V/R9 or
4.0 mA is thus established in Q1. If Rgy is now
decreased by 1.0€2 {due to application of a strain
force), a —1.0 mV change in input voltage will
result, This causes L2 to drop to —2.0V. The
output current would then be 2.0V/100§2 or 20 mA
(Full Scale). [f Rgz is a resistor of the same
material as Rggq but not subjected to the strain,
temperature drift effects will be equal in the two
legs and will cancel.

In actual practice the loading effects of Rg, on
the gain (span) and R on output current must be
taken into account.

15 = 4.0 mA (NULL, 0%)
Is = 20 mA (160% FULL SCALE)

<
‘)

" LMO0a5 U

i = 04V (RULL)
Vi = -2.0V (FULL SCALE)

FIGURE 1. LH0045 Simplified Schematic
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applications information (con’t)

THERMAL CONSIDERATIONS

The power output transistor of the LH0045 is
thermally isolated from the signal amplifier, A,.
Nevertheless, a change in the power dissipation
will .cause a change in the temperature of the
package and thus may cause amplifier drift. These
temperature excursions may be minimized by

. careful heat sinking to hold the case temperature

equal to the ambient. With the TO-8 (G) package
this is best accomplished by a clip-on heat sink
such as the Thermalloy #2240A or the Wakefield
#215-CB. The 8 lead TO-3 s particularly convenient
for heat sinking, in that it may be bolted directly
to many commercial aluminum heat sink extru-
sions, or to the chassis. In both packages the case
is electrically isolated from the circuit,

In addition, the power change can be minimized
by operating the device from relatively high supply
voltages in series with a relatively high load resist-
ance. When the signal forces the supply current
higher, the voltage across the device will be
reduced and the internal power dissipation kept
nearly equal to the low current, high voltage
condition.

For example, take the case of a 4.0 mA to 20 mA
transmitter with a 24V supply and a 10082 load
resistance. The power at 4.0 mA is (23.6V) x (4.0
mA) = 94.4 mW while at full scale the power is
(22V) x (20 mA) = 440 mW. The net change in
power is 345 mW. This change in power will cause
a change in temperature and thus a change in
offset voltage of A,.

If the optimum load resistance of 800§ (from
Figure 2) is used, the power at null is [24V —
(4.0 mA} x (80082)] (4.0 mA) = 83 mW. The
power at full scale is [24V — (20 mA) x (800%2)]
{20 mA) = 160 mW. The net change is 77 mW.
This change is significantly less than without the
resistor.

If the supply voitage is increased to 48V and the
load resistance chosen to be the optimum value
from Figure 2 (1.95k}, then the power at null is
{48V — (4.0 mA) x (1.95k}] (4.0 mA) = 160.8

30
2 5
e
]
=
£ 20
‘é =4 -20mA
£ 1§
[-]
3
S e
é / //
S os
5 W - 10-50mA

L i
9 0 20 30 40 50 80
SUPPLY VOLTAGE {v}
FIGURE 2. Opti Load R vs Supply Voitage

mW and the power at full scale is [48 — {20) x
(1.95k)] (20 mA) = 180 mW for a net change of
19.2 mW. :

Note that the optimized load resistance is actually
the sum of the line resistance, receiver resistances
and added external load resistance. However, in
many applications the line resistance and receiver
resistances are negligible compared to the added
external load resistance and thus may be omitted
in calculations.

AUXILIARY PINS

The LHO045 has several auxiliary pins designed to
provide the user with enhanced flexibility and
performance. The following is a discussion of pos-
sible uses for these pins.

Programmable Vrgg — Pins 5 and 6 (LH0045G
Only)

The LHO045G provides pins 5 and 6 to aliow the
user to program the value of the reference voltage.
The factory trimmed 10V value is obtained by
leaving 5 and 6 open. A short between 5 and 6
will program the reference to a8 nominal 5.1V
(equivalent to the fixed value used in the
LH0045K).

A resistor or pot may be placed between pin 5
and common {pin 3) to obtain reference voltages
between 10V and 30V or between pin 5 and pin 7
for reference voltages below 10V. Increased ref-
erence voltage might be useful to extend the
positive common mode range or to accommodate
transducers requiring higher supply voltage. A plot
of resistance between pin 5 and pin 3 versus
VRgee isgiven in the typical electrical characteristics
section. Vgeg may be adjusted about its nominal
value by arranging a pot from Vggp to common
and feeding a resistor from the wiper into pin §
so that it may either inject or extract current.
Lastly, pin 5 may be used as a nominal 1.7V
reference point, if care is taken not to unduly
ioad it with either dc current or capacitance.
Obviously, higher supply voltages must be used
to obtain the higher reference values. The minimum
supply voltage to reference voltage differential is
about 4.0V,

Bridge Return

An applications resistor is provided in the LH0045
with a nominal value of 1.0 k2. The primary
application for the resistor is to maintain the
minimum common mode input voltage (1.0V)
required by the signal amplifier, A,. A typical
input application might utilize a strain gauge or
thermistor bridge where the resistance of the
sensor is 10082. Since only 1.0 mA may be drawn
from Vgee, the 1.0 k§2 bridge return resistor is
used to bias A, in its linear region as shown in
Figure 3.
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applications information (con’t)

1.0mA

-

VA4
AAA

4
LIV $osma
1)

L+
Suwv
100 & 0. <100

1.0mA
1.0mA X 1.0k = 1.0V

FIGURE 3. Use of Bridge Return

Over Compensation — Pin 8 (LH0045G),
Pin 6 {LH0045K)

Over compensation of the signal amplifier, A; may
be desirable in dc applications where the noise-
bandwidth must be minimized. A capacitor should
be placed between pin 8 (pin 6 on the LH0O045K)
and pin 3, common.

Typically,
1
39 = 2T R(C1 * Cexr)
where:
R = 400 MQ

C1 = Internal Compensation Capacitor = 100 pF

Cext = External (over-compensation)
Capacitor

Input Guard — Pins 9 and 12 (LH0045G)

Pins 9 and 12 have no internal connection what-
ever and thus need not be used. In some critical
low current applications there may be an advantage
to running a guard conductor between the inputs
and the adjacent pins to intercept stray leakage
currents. Pins 9 and 12 may- be connected to this
guard to simplify the PC board layout and allow
the guard to continue under the device. (See AN-63
for further discussion of guarding techniques.)

NULL AND SPAN ADJUSTMENTS

Most applications of the LHO045 will require
potentiometers to trim the initial tolerances of the
sensor, the external resistors and the LHO045 itself.
The preferred adjustment procedure is to stimulate
the sensor, alternating between two known values,
such as zero and full scale. The span and nul) are
adjusted by monitoring the output current on a
chart recorder, meter, or oscilloscope. A full scale
stimulus is applied to the sensor and the span
potentiometer adjusted for the desired full scale.
Then, to adjust the null, apply a zero percent
signal to the sensor and adjust the null potentio-
meter for the desired zero percent current
indication.

If it is impractical to cycle the sensor during the
calibration procedure, the signal may be simulated
electrically with two cautions: 1} the calibration

signal must be floating and 2) the calibration thus
achieved does not account for sensor inaccuracies
and/or errors in the signal generator.

SENSOR SELECTION

Generally it is easiest to use an insulated sensor.
If it is necessary to use a grounded sensor, the
power supply must be isolated from chassis ground
to avoid extraneous circulating currents.

DESIGN EXAMPLE

There are numerous circuit configurations that
may be utilized with the LH0045. The following
is intended as a general design example which
may be extended to specific cases.

Circuit Requirements

Output Characteristics

a. 0% = 4.0 mA (NULL)

b. 100% = 20 mA (SPAN = 16 mA)
¢. Supply Voltage = 24V

Input (Sensor) Characteristics
a. Viy = 100 mV (Full Scale)
b. Viy = 0 mV (Zero Scale)
c. Source Impedance < 1.0Q

General Characteristics
a. 0°C < Tp < +75°C
b. Overall Accuracy < 0.5%

Vrer = 5.1V

Ry € RosS
kS a6MS
< <

4.0 mA (NULL)
2mA{FS.)

RS LI 2

—AAA, AAA
VWA W

— v
Vi (NULL) = -04V
Yy 5] =-20V

Vg = 1.0V

< R
> Raz
:, 1.0k

v
13 span = 100A 15M

bnuce = 0.875A

FIGURE 4. Design Example Circuit

Selection of Rg

Input bias current to the LH0O045C is guaranteed
less than 10 nA. Furthermore, the change in lg
over the temperature range of interest is typically
under 1.0 nA, If |, gpan is selected to be 1.0uA
(1000 A 1g) errors due to A 1g/A T will be less
than 0.1%. For SPAN = 16 mA.

Vgpan = AVy == (16 mA}(R9) = 1.6V
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where R9 = Internal Current Set Resistor = 100§
Forly span = 1.0uA,

R. = Vspan  —1.8V
= AN
l2span  1.0uA

= 1.6M
Re = 1.6 MQ

Selection of Rgy and Rgy

The minimum input common mode voltage, Vmin
required at the pin 10 input of A, is 1.0V.
Furthermore, the maximum open loop supply
current (Igo ) drawn by the LH0045 is 3.0 mA.
That leaves Iy = 4.0 mA — 3.0 mA = 1.0 mA
left to bias the bridge at null. Hence:

v 1.0v
Rgg > —o = 1.0k

= Juin 1.0mA

And

Vaer Raz
Rg1 + Ray

= 1.0V

=1.0k (5.1 -1.0)

4

Rp; = 4.0kQ

Alternatively, an LM113, 1.22V reference diode,
or an op amp such as the LM108 may be used to
bias the signal amplifier, A, as shown in Figure 5.
These techniques have the advantage ‘of lowering
the impedance seen at pin 10.

Selection of Rgpg

Ros is selected to provide the null current of
4.0 mA, V; nyuLe = 40 mA x 100Q = 0.4V,
From previous calculations we know that Vy,y =
1.0V. The voltage pin 11, V, is:

Va2 =Vmin + Vos =V

for Vi = 0OV

5.1V

Hence, the current required to generate the null
voltage, 1y yupL is:

Vmin — Vi nuee

lanoLe =
Re

1.0V - (-0.4V)
= ————— = 0.875uA
1.6 MQ

This current must be provided by Reg from
Vrer; hence:

Veer ~ Vmin
Ros = ——
fanuLL
The nominal value for Vger is 5.1V, therefore
the nominal value for Rgg is:

5.1V — 1.0V
0.875uA
Ros = 4.6 MQ2

It should be noted however, that the variation of
Vger may be as high as 5.9V or as low as 4.3V.
Furthermore, the tolerances of R9 (10052), Rg;.
Rg2,and the input Vg of A, would predict values
for Rpg as low as 3.98M and as high as 5.43M. The
implication is that in the specific case, Rgg should
be implemented with a pot, of appropriate value,
in order to accommodate the tolerances of Vpep,
R9, Vos, Rgy. Rga, etc.

Selection of R

SPAN s required to be 16 mA. From feedback
theory and the gain equation we know:

Re 1
Ispan = Vin % X Re

where:

R = total impedance in signal path between
pin 10 and pin 11

R9 = Current setting resistor = 10082

Vin = Full scale input voitage = 100 mV

FIGURE 5. Alternate Biasing Techniques
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{(Vin) (Rg)

(Ispan) (R9)

o - (100 mV) (1.6 MQ)

(16 mA) (100Q2)
R = 100kQ

As before, uncertainties in device parameters might
dictate that Rg be made a pot of appropriate
value.

Summary of the Steps to Determine
External Resistor Values

1. Select tryL scaLe = Inurt * Ispan for the
desired application. (lyypLL is frequently
4.0 mA and lgyLL scacLe is frequently
20 mA))

2. Select |, gpan SO that it is large compared to
Alg. 1000 Alg is a good value.

3. Determine Vgpan = AVy = (Ispan}(R9).

4. Determine Rg = (Vgpan/l2 span)

5. Seiect
Vwmin
Rgz 2>
Ivin
1VOLT
Rgz 2 ————
Inuee ~ Isot
Where:
Vmin = minimum common mode input
voitage
Ivin = minimum avaitable bridge current
lsoL = maximum open loop supply
current

6. Determine

Veer ~ Vmin
Rg1 = Rgz ————
Vmin

7. Determine V, nucL = Inure RO
8. Determine

Vamin ~ Va nute
I nuLL = ———————
Re
9. Determine
Vrer ~ VmIN

Ros =
lanuLL

10. Determine

(Vin) (RE)
{1span} (RO}

Where:

Vn = Sensor full scale output voltage

ERROR BUDGET ANALYSIS
Errors Due to Change in VRer (AVREF)

There are several factors which could cause a
change in Vggg. First, as the ambient temperature
changes, a Vgeg drift of #0.2 mV/°C might
be expected. Secondly, supply voltage variations
could cause a 0.5 mV/V change in Vgge. Lastly,
self-heating due to power dissipation variations
can cause drift of the reference.

An overall expression for change in Vggg is:

AVRer
AVger = [(0){APggs) + AT,
N AT
~
Thermal Effects
AV
N REF (AVe)
s
Supply Voltage Effects
Where:
8 = Thermal resistance, either
junction-to-ambient to junction

“0 case
APpiss = Change in avg. power dissipation
AT A = Change in ambient temperature

AVger _ Reference voltage drift
AT ~ {in mV/°C)

AVgee
AV

= Line regulation of Vgeg

Several steps may be taken to minimize the
bracketed terms in the equation above. For
example, operating the LHO045G with a heat-sink
reduces the thermal resistance from 8, = 83°C/W
to O, = B0°C/W. For ‘the LHOO045K (TO-3)
6,, = 40°C/W may be reduced to 8,c = 25°C/W
by using a heat sink. The APpgs term may be
significantly reduced using the power minimiza-
tion technigue described under ““Thermal Con-
siderations.” For the design example, APpgg is
reduced from 384 mW to 77 mW (R_ = 800%2.)
Evaluating the LH0045G with a heat-sink and
R = 800X yields.

o

60°C
AVger = W

o 0.2mv
{0.077W) + 75 c)( e )

\
(16V)

AVgge =24 mV

The LH0045K (TO-3) under the same operating
conditions would exhibit a AVgge = 23 mV.
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An expression for error in the output current
due to AVgge is:

al K) (Rog)lAV - (1-K){AV R
s (%)=100( ) {(RogAVgee) — ( HAVeer ) (Re)
Ispan (RO} Ros)lgpan?
Where:

AVgege = Total change in Vgep

Re2

K= —"2%2
Re1 + Rga

R9 = Current set resistor

lspan = Change in output current from
0% to 100%

For example, AVper = 24 mV, K = 0.2, R9 =
10022, Ispan = 16 mA. Hence, a 0.12% worst case
error might be expected in output currents due to
AVgep effects.

Error Due to Vgg Drift

One of the primary causes of error in Ig is caused
by Vgg drift. Drift may be induced either by
self heating of the device or ambient temperature
changes. The input offset voltage drift, AVog/AT,
is nominally 3.3uV/°C per millivolt of initial offset.
An expression for the total temperature dependent
drift is:

AVos

AVgg = [{8){APpss) + ATA]

Where:

6 = Thermal resistance either junction-
to-ambient or junction-to-case

APpigs = Change in average power dissipation
AT, = Change in ambient temperature

The bracketed term may be minimized by
heat sinking and using the power minimiza-
tion technique described under “‘Thermal
Considerations.” For the LH0045G design
example, AVpg = 0.352 mV under ambient
conditions and 0.263 mV using a heat-sink
and R, = 800L2. Comparable Vg for the
LH0045K would be 0.254 mV.

The error in output current due to AVpg is:

al
S (in%) =100 x AVos

Ispan VIN (FULL SCALE)

Re

=100 x ———ro——
(RYR9)Igpan)

For the design example, AVgg = 0.263 mV, V
(Fuli Scale) = 100 mV. Hence, 0.26 mV <+ 100 mV
or 0.26% worst case error could be expected in
output current effects.

Errors Due to Changes in R9

The temperature coefficient of R9 (TCR) will
produce errors in the output current. Changes in
R9 may be caused by seif-heating of the device or
by ambient temperature changes.

Alg AR9
(in %) =100 —— (0 Ppigs + ATA)
Ispan AT
Where:
6 = Thermal resistance either from
junction-to-ambient or junction-to-
case .

APgq )55 = Change in average power dissipation
AT = Change in ambient temperature

AR9
——— = TCR of R9
AT

Using the LHO045G design example, AR9Y/AT =
0.03%/°C, hence a 3.2% worst case error in output
current might be expected for operation without
a heat sink over the temperature range.

Heat sinking the device and using R_ = 80082,
reduces Alg/Igpan to 2.3%. Comparable error for
the LHOO045K would aiso be about 2.3%.

The error analysis indicates that the internal
current set resistor, R9 is inadequate to satisfy
high accuracy design critetion. In these instances,
an external 10082 resistor should be substituted
for RO.

Obviously, the TCR of the resistor should be low.
Metal film or wire-wound resistors are the best
choice offering TCR's less than 10 ppm/°C versus
50 ppm/°C typical drift for R9.

External Causes of Error

The components external to the LHO045 are also
critical in determining errors. Specifically, the
composition of resistors Rgy, Ros, Re, R, etc.
in the design example will influence both drift
and long term stability.

In particular, resistors and potentiometers of wire
wound construction are recommended. Also, metal-
film resistors with low TCR {< 10 ppm/°C) may
be used for fixed resistor applications.
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Error Analysis Summary

The overall errors attributable to the LH0045
may be minimized using heat sinking, and utiliza-
tion of an external load resistor. Although R
reduces the compliance of the circuit, its use is
generally advisable in precision applications. Ex-
ternal components should be selected for low
TCR and long-term stability.

The design example errors, using an external
100£2 wire wound resistor for R9 equal:

Alg

= 0.12% + 0.26% + 0.08% = 0.46%
S,

[l S —
SPAN  AVmee AVos  AR9
RE

definition of terms

Input Offset Voltage, Vos: The voitage which
must be applied between the input terminals
through equal resistances to obtain 4.0 mA of
supply (output) current.

input Bias Current, lg: The average of the two
input currents.

input Offset Current, 1gg: The difference in the
current into the two input terminals when the
supply (output) current is 4.0 mA.

Input Resistance, Ryy: The ratio of the change
in input voltage to the change in input current at
either input with the other input connected to
1.0 Vdc.

Open Loop Transconductance, gmor: The ratio

of the supply (output) current SPAN to the input
voltage required to produce that SPAN.

Open Loop Output Resistance, Royt: The ratio
of a specified supply (output) voltage change to
the resulting change in supply (output} current at
the specified current level.

G - 12 lead TO-8:

SOCKETS AND HEAT SINKS

Mounting sockets, test sockets, and heat sinks
are available for the G package and K package.

The following or their

equivalents are
recommended: ’

Sockets:
Barnes Corp. #MGX-12
Textool #212-100-323

Keystone Elec. {N.Y.) #4626
or #4627

K — 8 lead TO-3:

Heat Sinks

G — 12lead TO-8: Thermalloy #2240A

Wakefield #215-CB

K —8lead TO-3: |ERC #LAIC 384V

Common Mode Rejection Ratio, CMRR: The ratio
of the change in input offset voltage to the peak-
to-peak input voltage range.

Power Supply Rejection Ratio, PSRR: The ratio
of the change in input offset voltage to the change
in supply (output) voltage producing it.

Input Voltage Range, Vyy: The range of voltages
on the input terminals for which the device
operates within specifications.

Open Loop Supply Current, Ig: The supply current
required with the signal amplifier A, biased off
{inverting input positive, non-inverting input nega-
tive) and no load on the Ve terminal.

This represents a measure of the minimum low
end signal current.

Reference Voltage Line Reguiation, AVRgp/AVs:
The ratio of the change in Vggge to the peak-to-
peak change in supply (output) voltage producing
it.

Reference Voltage Load Regulation, AVggfp/
Alggg: The change in Vggge for a stipulated
change in lgge.
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National
Semiconductor

Amplifiers

LHO0061/LH0061C 0.5 Amp Wide Band

Operational Amplifier

general description

The LHO061/LHO061C is a wide band, high speed,
operational amplifier capable of supplying currents
in excess of 0.5 ampere at voltage levels of +12V.

LHO061 is guaranteed over the temperature range
-65°C to +125°C; whereas, the LHO061C is guar-
anteed from -25°C to +85°C. ‘

Output short circuit protection is set by external
resistors, and compensation is accomplished with a
single external capacitor. With a suitabie heat sink
the device is rated at 20 Watts.

features

® Qutput current 0.5 Amp
Wi i i 1 MH
The wide bandwidth and high output power capa- W'lde farge signat bandwidth 70v/ z
bilities of the LHO061/LHOOB1C make it ideal for ® High slew rate us
such applications as AC servos, deflection yoke ® Low standby power 240 mw
drivers, capstan drivers, and audio amplifiers. The B Low input current 300 nA Max
schematic and connection diagrams
-
O -+
Zne
)
-4
sC*
- LOMP
V. eyt )y -
iy
ase TN
-d
D1 K°1 ouTPUT
®
+ GND
NON-RY. NPUT () ———
st
-
3n
Y
J

TO-3 Package

CASE IS
ouTPUT

TOP VIEW

Order Numbers:

LHO061K (-55°C to +125°C)
LHO061CK (~25°C to +85°C)
See Package KO8SA
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LHO0061/LH0061C

absolute maximum ratings

Supply Voltage
Power Dissipation

Differential Input Current (Note 2)

Input Voltage (Note 3)

Peak Output Current

Qutput Short Circuit Duration
Operating Temperature Range

Storage Temperature Range

(Note 4)
LHO061

LH0061C

+18V
See Curve

+10 mA

+15V

2A

Continuous
-55°C to +125°C
~-25°C to +856°C
-65°C to +150°C

Lead Temperature {Soldering, 10 sec) 300°C
dc electrical characteristics (Note 1)
LIMITS
PARAMETER CONDITIONS LHO061 LHO061C UNITS
MmN | TYP | MAX [ MmN TYP | MAX
input Offset Voltage Rs <10k, Te = 25°C, Vs = 15V 1.0 40 30 10 mV
Rg < 10k, Vg = £15V 6.0 15 my
Voltage Drift with Temperature Rs < 10 kS 5 5 uv/°c
Offset Voltage Change with Output Power S 5 uViwatt
Input Otfset Current Te = 25°C 30 100 50 200 nA
300 500 nA
Otfset Current Drift with Temperature 1 1 nA/°C
Input Bias Current Te=25°C 100 300 200 500 nA
10 1.0 HA
tnput Resistance Te=25"C 0.3 10 03 1.0 M
Input Capacitance 3 3 of
Common Mode Rejection Ratio Rg < 10 k82, AVepm = *10V 70 80 60 80 dB
Input Voltage Range Vg = t15V 1 M A
Power Supply Rejection Ratio Rg < 10 k{2, AVg = 10V 70 80 50 70 o8
Voltage Gain Vg = +18V, Vg = £10V
R =1k Te = 25°C 50 100 25 50 Vimv
Vg = $16V, Vg = +10V
Ry =209 5 25 V/mV
Output Voitage Swing Vg = 15V, R = 202 10 +12 10 12 v
Qutput Short Circuit Current Vg = 18V, T¢ = 25°C, Rgc = 1.081 600 600 mA
Power Supply Current Vs = 15V, Vgur = 0 7 10 10 15 mA
Power Consumption Vg = 15V, Vour= 0 210 300 300 450 mw
ac electrical characteristics (T.=25°C, vg=+15V, Cc = 3000 pF)
Stew Rate Ay = +1, R = 100§) 25 70 25 70 Vius
Power Bandwidth R = 10002 1 1 MHz
Small Signs! Transient Response 30 30 ns
Smalt Signal Overshoot 5 20 10 30 %
Settling Time (0.1%) AV = 10V, Ay = +1 08 08 Hs
Overicad Recovery Time 1 1 HS
Harmonic Distortion = 1 kH2, Py = 0.5W 02 0.2 %

Note 1: Specifications apply for :5V < Vg < 218V, Cg¢ = 3000 pF, and -56°C < Te < +125°C for the LHOOB1K and
~25°C < Tg < +85°C for the LHOO61CK. Typical values are for Tc = 25°C.
Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Excessive current will flow if a differ-
ential voltage in excess of 1V is applied between the inputs without limiting resistors,

Note 3: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: Rating applies as long as package power rating is not exceeded.
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typical performance characteristics

Power Derating Safe Operating Area

Large Signal Frequency

Response
1
20 1l
15 12 ETN Te = 25°C |
< %5 [ INFINITE HEAT SINK 3 ot Yoze 1oy \ Vs = 115V
3 g To=25°C s n Ry =200 |
: = :
£ \ 20 TR
s g o b
g \ 3 | 5 s
e - -05 £ \
w 0 2 \ 3 \
13 5 -0 \
2 ° | N
5 FREE AIR 15 2 \
-20 L/ 0 b
] % s 95 100 125 45 10 5 0 5 W 1§ OSM M 2M  SM 10M 20M  SOM
TEMPERATURE ('C) OUTPUT VOLTAGE (V) FREQUENCY (Hz)
typical applications
]
p—0 ouvtruT
Unity Gain Driver
SERVO

AC Servo Amplifier
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LH0062/LH0062C

National
Semiconductor

Amplifiers

LH0062/LH0062C High Speed FET Operational

Amplifier
general description

The LHO0062/LHQ062C is a precision, high speed
FET input operational amplifier with more than
an order of magnitude improvement in slew rate
and bandwidth over conventional FET IC op
amps. In addition it features very closely matched
input characteristics, very high input impedance,
and ultra low input currents with no compromise
in noise, common mode rejection ratio or open
loop gain. The device has internal unity gain fre-
quency compensation, thus assuring stability in all
normal applications. This considerably simplifies
its application,.since no external components are
necessary for operation. However, unlike most
internally compensated amplifiers, external fre-
quency compensation may be added for optimum
performance. For inverting applications, feed-
forward compensation will boost the slew rate to
over 120 V/us and almost double the bandwidth.
(See LB-2, LB-14, and LB-17 for discussions of
the application of feed-forward techniques). Over-
compensation can be used with the amplifier for
greater stability when maximum bandwidth is not
needed. Further, a single capacitor can be added to
reduce the 0.1% settling time to under 1 us. In
addition it is free of latch-up and may be simply
offset nulled with negligible effect on offset drift
or CMRR.

The LHO062 is designed for applications requiring
wide bandwidth, high slew rate and fast settling
time while at the same time demanding the high
input impedance and low input currents character-
istic of FET inputs. Thus it is particularly suited
for such applications as video amplifiers, sample/
hold circuits, high speed integrators, and buffers
for A/D conversion and multiplex system. The
LHO062 is specified for the full military tempera-
ture range of -56° to +125°C while the LH0062C
is specified to operate over a -25°C to +85°C
temperature range.

features

® High slew rate 70 V/us
® Wide bandwidth 15 MHz
| Settling time {(0.1%) 1us
® Low input offset voltage 2mV
8 Low input offset current 1 pA
®  Wide supply range 5V to 20V

B Internal 6 dB/octave frequency compensation

B Pin compatible with std IC op amps (TO-5 pkg)

sauance
cowe)
s

schematic and connection diagrams”
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TT
absolute maximum ratings 88
Supply Voltage 20V Operating Temperature N N
Power Dissipation (see graph) 500 mw LHO062, -55°C 10 +125°C NN
Input Voltage (Note 1) fry LHO0B2C, 25°C 10 +85°C (@]
Differential input Voltage (Note 2) +30V Storage Temperature Range -65°C 10 +150°C
Short Circuit Duration Continuous Lead Temperature {Soldering, 10 sec}) 300°C 1
dc electrical characteristics (Note3)
LIMITS
PARAMETER CONDITIONS LH0062 LH0062C UNITS
MIN TYP | MAX MIN TYP MAX
Input Offset Voltage Rs < 100k$2; T, = 25°C 2 5 10 15 mv
Rs < 100 k2 7 20 mv
Temperature Coefficient of Rg < 100 k2 5 25 10 35 uv/’c
Input Offset Voltage
Oftset Voltage Drift with Time 4 5 uViweek
Input Offset Current Ta=25"C 0.2 2 1 [ pA
2 0.2 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Offset Current
Offset Current Drift with Time 0.1 0.1 PA/week
imput Bias Current Ta=25"C 5 10 10 65 pA
10 2 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Bias Current
Differential Input Resistance 10'? 102 Q
Common Mode Input Resistance 10'2 10"? 2
Input Capacitance 4 4 oF
Input Voltage Range Vg = 15V 10 +12 £10 =12 v
Common Mode Rejection Ratio Rs < 10kS2, V5 = +10V 80 90 70 90 d8
Supply Voltage Rejection Ratio | Rg < 10k§2, 25V < Vg < + 15V 80 90 70 90 d8
Large Signal Voltage Gain Ry =2k Vgt = 10V, 50 200 25 160 VimvV
Ta=25°C. Vg = 115V
R =2k Voyuy = 210V, 25 25 vimv
Vg = t15V
Output Voitage Swing Ry = 2k2, Ta = 25°C. 12 13 £12 113 v
Vg = 215V
R =2kQ, Vg = +15V +10 10 v
Output Current Swing Vour = £10V, T, = 26°C 10 +15 £10 15 mA
QOutput Resistance 75 75 Q
Output Short Circuit Current Ta =25°C 25 25 mA
Supply Current Vg = t15V 5 8 7 12 mA
Power Consumption Vg = +15V 240 360 mwW
ac electrical characteristics (T, =25°C, vg = 15v)
LIMITS
PARAMETER CONDITIONS LHO062 LH0062C UNITS
MIN TYP MAX MIN TYP MAX
Stew Rate Voltage Follower 50 70 50 70 Vips
Large Signal Bandwidth Voltage Follawer i 2 2 MH2z
Small Signal Banawidth 15 15 MHz
Rise Time 25 25 ns
QOvershoot 0 15 %
Settling Time {0.1%) AViy = OV 1 1 us
Overload Recovery 09 0.9 Hs
Input Noise Voltage Rs = 10 k(L f, = 10 Hz 150 150 nVA/Hz
input Noise Voltage Rg = 10 k€2, f, = 100 Hz 55 55 avivHz
Input Noise Voltage Rg = 10k(2, f, = TkHz 35 35 nViHE
Input Noise Voltage Rg = 10 &1, f, = 10 kHz 30 30 nV/i/Hz
Input Noise Voltage BW = 10 Hz to 10 kHz, Rg = 10 k(! 12 12 uVrms
Input Noise Current BW = 10 Hz to 10 kHz <1 <1 pArms
Note 1: For supply voltages less than + 15V the absolute maximum input vahage s equal 1o the supply voltage
Note 2: Inputs are protected from excessive voltages by back-to-back diodes. Input currents should be limited to 1 mA.
Note 3: Unless otherwise specifed, these specifications apply for "5V - Vg < 20V and -55"C < Ta < +125°C for the
LHO062 and -25°C < T < +BE°C for LHO062C Typical values are given for Ta =25 C Power suppies shouid be bypassed
with 8.1 uF ceramic capacitars
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b= typical performance characteristics
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N Maximum Power Dissipation Current vs Temperature Current vs Temperature
8 a00 1,000 — = 10,000
o 700 <
I 2 =4 2m
E = 21,
-~ = T0-5 AND DIP I =
S 500 o« o
5 \ rw near 2 E
e 400 INK -1 5 100
2 FREEAIRN. 3 2
S a0 \ & H
2 0 . 5 . 5w
g g =
100 | i
] ) E ! 1
[} 50 100 150 200 % 45 6§
TEMPERATURE { C) T - TEMPERATURE ( C) T - TEMPERATURE ()
:
| Large Signal Frequency Voltage Follower Open Loop Frequency
Response Pulse Response Response
1 15 120 T
rrt T, I-25[1:I 12 | Taz2e
12 ™ s ] I - 100 I Vs =115V 226
\ Vg 18V s B \\
g n R 4 g w oS 180
2 g , \ A= N /
z 3 £ 3 8 N i 135
g & o — auTPUT s PHASI LA
5 6 \ & 3 fweut \( | /1 g a \ 90
E \ = 5
2 = -6 =3 - 45
2 \ H g GAIN
. N L\ . N,
x 4z fUsm sV N
N Ta=25C
0 -15 L -20
D5M IM 2M  SM  10M 20M  50M [] 200 400 600 80O 10 100 1k 10k 100k 1M 10M 100M
FREQUENCY (Hz) TIME (ns) FREQUENCY (Hz)
Large Signal Frequency Open Loop Frequency
Response Inverter Pulse Response Response
13 TTTTT 20 120 T
-l T.=25\cl 16 Vg= 118V _ |
12 Vg= 115V “ 100 - 28 225
= s JR NS (RSN R = h
T é 8 f Z w0 \\ W 180
g s 4 {4 =
H INPUT OUTPUT
z !l H T I/ z 6 N PNAE/— 135
z \ w0 w
5 6 ] \ ] @ a0 st %
2 X = <
g = 4 ‘ = N N
= | (= 2 \ 85
s 4 T > -8 \ S 2
FEEDFORWARD o+ o FEEDFORWARD
2 Pl =12 |~ FEEDFORWAAD N 0 I | o
N e HEREE)
o ‘ -20 S -20
m m 1M 3M 100M 01 01 63 05 07 08 10 100tk 10k 100k 1M 1OM 100M
FREQUENCY (Hz) TIME (us) FREQUENCY (H2)
Inverter Settling Time Unity Gain Bandwidth Voitage Follower Slew Rate
15 T 2 T l l 130
" ‘ 10mv = v ] 120 bl POSITIVE SLEW
4 z s = ]
s / E N Vg = 215V - b ~d_
@ s "‘“mV/ 1 mvi—] E " _
= yardl | £ S 0
S 0 fvgme18v = 16 =z
> =
c Ta=25°C \\ AN E Z
g 5 N Ny mvl | = M @ NEGATIVE SLEW
£ Rg=5kq tm < 20
3 -5k 'W""’N \ 5w VemetSV | ™~
<10 be-q0pF oy z g | 70 | Rg=R,= 100kQ
- Ce=2.0pF
8 Co7=0.tuf ] . _I 50 " |p PR
0.03 01 03 1 3 -55-35-15 5 25 45 65 85 105125 56 =36 -15 5 25 45 65 85 105 125
TIME {us) TEMPERATURE (°C) * TEMPERATURE (°C)

(saasbiap) Dy ISVH

(ssa1629) 9y ISYHd

1.66




L
. .- . 8 [=]
typical performance characteristics (con‘t) S8
N Q
Input Bias Current Total Input Noise Total Input Noise Voltage* O
vs Input Voltage Voltage* vs Frequency vs Source Resistance
1000 = = 0 T
Vs = +15V Lz: 500 | L ¥si'I§V Li) 0 Vg =115V _j
T PR = i S IR D
1 I
- P Ta = +125°C +— &8 a00 | w 1
= < <
w100 b—y - - H
< = s =
= =3 >
2 > 300 s I
o w
@ =] + o "
- ] 2 ;
5 10 e i o )
g Ta=25°C & i [[“ T 2 H
= z 100 i =
F Rg = 1005 >
5 2
1 2 6 it e it
-0 -6 -2 2 [ 10 10 100 1k 10k 100k 1k 10k 100k ™ 100
COMMON MO DE INPUT VOLTAGE (V) FREQUENCY (Hz} SOURCE RESISTANCE {12}
Voltage Gain Common Mode Rejection Power Supply Rejection
115 120 y 100 —
_ R =2 k2 Ta=25'C
T 100 Ta-25C— g
=z 3 N |
g e Ta = -55°C . 2 \ s |
z Ta =28 g W N g w0 POSITIVE—]
] ] N\ 5 SuPPLY
o -4
@ 105 T, =125°¢ —] « 6o o
=3 o o
: o l > ‘\
2 § a0 & 20 | NEGATIVESUPPLY T \
h 2
> 100 g \ E} k
s N 0
5]
g5 [} L -20
5 10 15 2 100 1k 10k 100k 1M toM 100 1k 10k 100k M 10M
SUPPLY VOLTAGE (+V) FREQUENCY (Hz) FREGUENCY (Hz)
Closed Loop Output
Supply Current Current Limiting Impedance
55 il 10° T
l Vg =115V Vg =15V
12 t 2 Ta =25°C ]
w— 1 A
_ T4 =-55 |t =
< —"‘___.———-—"‘ s g =
£ 50 et To = 25°C —] z ., Ty
- P ps T, =25°C ]
= L~ 2 5
€ g Ta=125°C &0 A
3 Tas18C_ L 5 6 I : /
Z a5 5 ; 2w g
g / o 8 = Ay= 1/,
=2 =3
“@ 1 T 4
4 2 Ve
a0 10-2
5 10 15 20 0 5 10 52 2% 10 100 1k 10k 100k M
SUPPLY VOLTAGE {:V) QUTPUT CURRENT (mA) FREQUENCY (Hz)
*Noise Voltage Includes Contribution from Source Resistance
auxiliary circuits
Feedforward Compensation for Greater
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*Balance circuit necessary BALANCE® to 0.1% for 2 10V step
for increased siew. L < change is 800 ns.
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LH0062/LH0062C

auxiliary circuits {con’t)

Isolating Large Capacitive Loads Overcompensation
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L
10g¢ g 1o

BeumiE s

typical applications*

Fast Voltage Follower Fast Summing Amplifier
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typical applications® (con’‘t)

Precision Integrator
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LH740A/LH740AC

National
Semiconductor

Amplifiers

LH740A/LH740AC FET Input Operational

Amplifier
general description

The LH740A/LH740AC is a FET input, general
purpose operational amplifier with high input
impedance, closely matched input characteristics,
and good stew rates. Input offset voltage is typi-
cally 10.0 mV at 25°C, while input bias current is
less than 100 pA at 25°C. Offset current is typi-
cally less than 40 pA at 25°C. Other important
design features include:

® |nternal 6 dB/octave frequency compensation
® Unity gain stew rate in excess of 6 V/us

® Unity gain bandwidth of 1 MH2

® Input offset is adjustable with a single 10k pot
u Pin compatible with LM741‘, LM709, LM101A.

Excellent offset current match over tempera
ture, typicalty 100 pA

® Qutput is continuously short-circuit proof

® Excellent open loop gain, typically in excess of
100 dB

® Guaranteed over the full military temperature
range

The LH740A/LH740AC is intended to fulfill a
wide variety of applications requiring extremely
low hias currents such as integrators, sampie and
hold amplifiers, and general purpose operational
amplifier applications.

The LH740A is specified for operation over the
-55°C to +125°C military temperature range. The
LH740AC 15 specified for operation over the 0°c
to 185 C temperature range.

connection diagram

Order Number LH7Y40AH or LH740ACH
See Package HOBA

typical applications

Integrator

- - T T T T e

Transient Response

LHI0A

Offset Null

INPUT




absolute maximum ratings

OVOvZH
NOVZHT

Supply Voltage 22V
Maximum Power Dissipation 500 mW
Differential Input Voltage 5V
Input Voltage 15V
Short Circuit Duration Continuous
Operating Temperature Range LH740A -55°C to +125°C

LH740AC 0°C 10 +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (soldering, 10 sec.) 300°C

electrical characteristics (Note 1) (Vg =215V, T4 = 25°C unless otherwise noted)

LH740A LH740AC
PARAMETER . CONDITIONS MIN TVP | MAX MIN TYP MAX UNITS
Input Offset Voltage Rs < 100 k§2 10f 15 04 20 mv
1nput Qffset Current T, =25°C (Note 2) a0 | 100 60 | 150 pA
taput Current (either input) T, =25°C (Note 2) 100 | 200 100 | 500 PA
tnput Resistance T, = 25°C {Note 2) 1.000,000 1,000,000 MQ
Large Signal Voltage Gain RL > 2Kk82, Vo r = t10V 50,000 | 100.000 50,000 | 100,000 vV
Output Resistance 75 75 a2
Output Short-Circuit Current 20 20 mA
Common Mode Rejection Ratio 80 80 a8
Supply Voltage Rejection Ratio 80 80 a8
Supply Current 30| 40 30 40 mA
Slew Rate 6.0 6.0 Vius
Unity Gain Bandwidth 10 1.0 MHz
Transient Response {Unity Gainl CL < 100pF, Ry = 2k{2 Vi = 100 mV
Risetime 10 300 ns
Overshoot 10| 20 10 %
{These specifications apply for -55°C < Ta < 125°C for the LH740A and 0°C < Ta < 85°C for the LH740AC unliess otherwise noted.)
Input Voltage Range 12 *12 v
Common Mode Rejection Ratio 80 80 dB
Supply Voltage Rejection Ratio 80 80 d8
Large Signal Voltage Gain 40,000 40,000 vV
Output Voltage Swing R, > 10k 12 +14 212 +14 v
Ry > 2k82 10 13 210 13 v
Input Offset Voltage 15 | 20 30 mv
Input Offset Current 100 {500 60 | 500 A
Input Current (either input) 25| 40 11 50 nA
Offset Volrage Drift Rg < 100K 5.0 50 uv/e

Note 1: For supply voitages less than £10V, the absolute maximum input voltage is equal to the
supply voltage.

Note 2: Due to high speed automatic testing, these parameters are correlated to junction temperature.

typical performance characteristics
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Dissipation Response
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LH2101A/LH2201A/LH2301A

National Amplifiers
‘Semiconductor

LH2101A/LH2201A/LH2301A Dual High

Performance Op Amp

general description

The LH2101A series of dual operational amplifiers -25°C to +85°C temperature range. The LH2301A
are two LM101A type op amps in a single hermetic is specified for operation over the 0°C to +70°C
package. Featuring all the same performance char- temperature range.

acteristics of the single, these duals offer in addition features

closer thermal tracking, lower weight, reduced
insertion cost, and smaller size than two singles.
For additional information, see the LM101A data ® Low offset current

sheet and National's Linear Application Handbook. Guaranteed drift characteristics

8 Low offset voltage

The LH2101A is specified for operation over the ® Offsets guaranteed over entire common mode
-55°C to +125°C military temperature range. The and supply voltage ranges
LH2201A is specified for operation over the = Slew rate of 10V/us as a summing ampfifier

N connection diagram

4
INV. ANPUT Oty
COMPENSATION

QUTPUT

5
NON INV. INPUT Omrmmamd BAL/COMPENSATION

INY. INPUT 012__
COMPENSATION

ouTeyT

BAL/COMPENSATION
v

1
NONINV. INPUT ol

Order Number LH2101AD or
LH2201AD or LH2301AD
See Package D16C

auxiliary circuits

Inverting Amplifier with Balancing Circuit Alternate Balancing Circuit Single Pole Compensation

R2

Rigs
€1 O qTTRe
30pF € - 30 0F
*May be zers or equal to pataliel combination

of R1 snd R2 for minimum affset

20

Two Pole Compensation Feedforward Compensation

c2

R 10K
[N Ty

C - 300F =
c2-100
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absolute maximum ratings

Supply Voltage S22V Operating Temperature Range  LH2101A 55 C10 175 C
Power Dissipation (Note 1 500 mw LH2201A 25 C1085 C
Ditferential input Vortage 30V LH2301A 0Ct70C
Input Voltage {Note 21 “15V Storage Temperaturs Range -85 Cto 150 C
Qutput Short Circuit Buration Continuous Lead Temperature {Solderng, 10 sec) 300 C
electrical characteristics each side (Note 3)
LiIMITS uNITS
PARAMETER CONDITIONS
LH2101A LH2201A LH2301A
Input Otfset Voltage Ta =25 C, Rg< 50k 2.0 20 7.5 mV Max
Input Offset Current Ta 25C 10 10 50 nA Max
Input Bras Current Ta 25C 75 75 250 nA Max
tnput Resistance Ta-25C 3 15 05 ME Min
Supply Current Ta 25C, Vg~ +20V 3.0 33 3.0 mA Max
Ta 25C Vg -15V
Large Signal VoIt & s 50 50 25 v/imv M
arge Signal Voltage Gain Vour 1OV, R, 2 ki / in
Input Otfset Voitage Rs < 50 k{2 3.0 30 10 mV Max
Average Temperature
Coetticient of Input 15 15 30 “V/ € Max
Otfset Voitage
Input Oftset Current 20 20 70 nA Max
A T
C;z;'acie TVZ,pTra!ure 25C< T, <125C 01 0.1 03 nA/"C Max
icien nput L
- STa < 0.6 ;CM
Offset Current 55 C< T, <25C 0.2 0.2 nA/C Max
tnput Bias Current 100 100 300 nA Max
Supply Current Ta- +125°C, Vg = +20V 25 25 mA Max
Vs 15V, v 1oV
Large Signat Voltage Gain Rf s O 0 25 25 15 V/mV Min
Vs - t15V, R 10k&2 12 12 12 V Min
Output Voitage Swing R, -2k 10 10 +10 V Min
tnput Voltage Range Vg - 120V <15 +15 *12 V Min
Common Mode
R Q 7 9B M
Rejection Ratio s S 50k 80 80 0 "
|
Supply Voltage Rg < 50 k(2 80 80 70 9B Min

Rejection Ratio

Note 1: The maximum junction temperature of the LHZ10%A is 150°C, while that of the LH2201A is 100° C. For operating tem-
peratures of devices in the flat package, the derating is based on a thermat resistance of 185°C/W when mounted on a 1/16—mch_~th|ck
epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100 C/W,
junction to ambient.

Note 2: For supply voltages lens than =15V, the absolute rraximurm input voltage is equal to the supply voitage.

Note 3: These specifications apply for -5V = Vg = "20V and -85°C = Tp = 125°C, unless otherwise specified. With the LH2201A,
however, all temperature specifications are limited to ~25°C = Ta = 85"C. For the LH2301A these specifications apply for 0°C < Ta =
70°C, ang *5V - Vg = -15V. Supply current and input voltage range are specified as Vg =+158V for the LH2301A. C4 = 30pF unless
otherwise specified.

V1I0€ZH1
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LH2108/LH2208/LH2308, LH2108AILH2208AILH2308A

National

Semiconductor

LH2108/LH2208/LH2308,
LH2108A/LH2208A/LH2308A Dual Super Beta

Op Amp

general description

The LH2108A/LH2208A/LH2308A and LH2108/
LH2208/LH2308 series of dual operational amp-
lifiers are two LM108A or LM108 type op amps

range.

in a single hermetic package. Featuring all the

same performance characteristics of the single

device, these duals also offer closer thermal track-

features

Amplifiers

range. The LH2308A/LH2308 is specified for
operation aver the 0°C to +70°C temperature

ing, lower weight, reduced insertion cost, and = Low offset current 50 pA
smaller size than two single devices. For additional

information see the LM108A or LM108 data sheet m Low offset voltage 0.7mV
and Nationai’s Linear Application Handbook. a Low offset voltage LH2108A 0.3mV
The LH2108A/1LH2108 is specified for operation LH2108 0.7 mv
over the -55°C to +125°C military temperature = Wide input voltage range +15V
range. The LH2208A/LH2208 is specified for

operation over the -25°C to +85°C temperature ® Wide operating supply range +3V to *20V

connection diagram

auxiliary circuits

Standard Compensation Circuit

At R2
' Vi
—vour,
R3 N
Wiy
LIS
'S RTe A2
€ = 30 oF

LI
eyt 0=

NONIRV 5
INPUT

INV 12
INPUT

NON NV 13
INPUT

v
OUTPUT
COMP
ouTRUT
INPUT
LompP

v

ouTPYT
ComP
QUTPUT
comp
INPUT
v

Order Nu;nber LH2108AD, LH2208AD,
LH2308AD, LH2108D, LH2208D,

or LH2308D
See Package D16C

Alternate * Frequency Compensation

~Vin

Vin

s
*Improves rejection 100 pF
of power supply
noise by a factor
of ten.

-|H

Vour

Feedforward Compensation




absolute maximum ratings

Supply Voltage 20V Operating Temperature Range

Power Dissipation (Note 1) 500 mw LH2108A/LH2108 ~55°C to +125°C

Differential Input Current (Note 2) 10 mA LH2208A/LH2208 ~25°C to +85°C

Input Voltage (Note 3} +16V LH2308A/LH2308 0°C 10 +70°C

Qutput Short Circuit Duration Continuous Storage Temperature Range -65°C to +150°C
Lead Temperature {Soldering, 10 sec) 300°C

electrical characteristics cach sige {Note 4)

LIMITS
PARAMETER CONDITIONS UNITS
LH2108 LH2208 LH2308 .
tnput Offset Voltage Ta=25C 2.0 2.0 75 mV Max
Input Otfser Current Ta=25"C 0.2 02 1.0 nA Max
tnput Bias Current Ta=26"C 2.0 20 7.0 nA Max
Input Resistance Ta=25C 30 30 10 M2 Min
Supply Current Ta=25C 0.6 0.6 0.8 mA Max
Large Signal Voltage Gain Ta=25"Cvg- t15v 50 50 25 V/mV Min
Vour = #10V, R > 10k
Input Offset Voltage 3.0 3.0 10 mV Max
Average Temperature Coefficient 15 15 30 uV/°C Max
of tnput Offset Voltage
input Offset Current 0.4 04 1.5 nA Max
Average Temperature Coefficient 25 25 10 PpA/°C Max
of Input Offset Current
tnput Bias Current 30 30 10 nA Max
Supply Current Ta=+125°C 0.4 0.4 - mA Max
Large Signal Voltage Gain Vg =218V, Vg1 = £10V 25 25 15 V/imV Min
R_ > 10 k2
Output Voltage Swing Vg = +16V, R = 10kQ +13 13 13 vV Min
Input Voltage Range Vg = 118V 1135 +13.5 +14 V Min
Common Mode Rejection Ratio 85 85 80 dB Min
Supply Voitage Rejection Ratio 80 80 80 dB Min
electrical characteristics cach side (Note 4)
LIMITS
PARAMETER CONDITIONS UNITS
LH2108A LH2208A LH2308A
Input Offset Voltage Ta=25C 05 05 05 mV Max
Input Offset Current Ta=25C 02 02 1.0 nA Max
Input Bias Current Ta=257C 20 20 7.0 nA Max
Input Resistance Ta=25"C 30 30 10 MO Min
Supply Current Ta=25C 06 0.6 0.8 mA Max
Large Signal Voltage Gain Ta=25CVg~ 115V 80 80 80 v/mV Min
Vour = 110V, R, > 10 k2
Input Offset Voltage 10 10 0.73 mV Max
Average Temperature Coefficient 5 5 5 sV /°C Max
of input Offset Voltage
input Offset Current 0.4 04 1.5 nA Max
Average Temperature Coefficient 25 2.5 10 PA/°C Max
of Input Offset Current
tnput Bias Current 30 3.0 10 nA Max
Supply Current Ta=+125C 04 0.4 — mA Max
Large Signal Voltage Gain Vg = 15V, Vour = 110V 40 40 60 VimV Min
Ry > 10 kQ
QOutput Voltage Swing Vg= 15V, R = 10 k{2 13 *13 13 V Min
input Voltage Range Vg = 115V 135 *135 14 V Min
Common Mode Rejection Ratio 96 26 96 dB Min
Supply Voltage Rejection Ratio 96 a6 96 dB Min

Note 1: The maximum junction temperature of the LH2108A/LH2108 is 150°C, white that of the LH2208A/LH2208 is 100°C and that of the
LH2308A/LH2308 is 85°C. For operating devices in the flat package at elevated temperatures, the derating is based on a thermal resistance of
185°C/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the
dual-in-line package is 100° C/W, junction to ambient.

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differentiat input
voltage in excess of 1V is applied between the inputs unless some limiting resistance is used.

Note 3: For supply voltages less than 15V, the absolute maximum input voltage is egual to the supply voltage.

Note 4: These specifications apply for 5V < Vg = 20V and ~85°C < Tp < 125°C, unless otherwise specified. With the LH2208A/LH2208,
however, all temperature specifications are limited to -25°C < Ta < 85°C and with the LH2308A/LH2308 for :5V < Vg < 15V and
0°C < Tp < 70°C.

1-75
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LH24250/LH24250C

National
Semiconductor

Amplifiers

LH24250/LH24250C Dual Programmable

Micropower Op Amp

general description

The LH24250/LH24250C series of dual program-
mable micropower operational amplifiers are two
LM4250 type op amps in a single hermetic pack-
age. Featuring atl the same performance character-
istics of the LM4250, the LLH24250/LH24250C
duals also offer closer thermal tracking, lower
weight, reduced insertion cost and smaller size
than two single devices. For additional informa-
tion, see the LM4250 data sheet and National's
Linear Application Handbook. *

features

® 1V to £18V power supply operation
a Standby power consumption as low as 20 uW

m Offset' current programmable from less than
0.5 nA to 30 nA

m Programmable slew rate

& May be shut-down using standard open collector
TTL

= Internally compensated and short circuit proof

connection diagram and auxiliary circuit

v
t
Ny 8 BALANCE
INPUT ‘
ouTPUT
NONANY o % bser
INPUT
v
INV 0 12 % BALANCE
INPUT

QUTPUT

Iser

v

NON-INV O 13
INPUT

Order Numbar LH24250D or LH24250CD
See Package D16C

Offset Nult Circuit

typical quiescent current setting resistor

(Pin 8 to V-)

Vs 10 pA 30 pA 100 uA 300 nA
15 1.5 M§2 470 k32 150 k2

3 3.3MQ 1.1 MR 330k2 100k
6 7.5 MQ 2.7MQ 750 k2 220k
+ 13 M2 4MQ 1.3MQ 350 k§2
12 18 MQ 5.6 MQ 1.5 MQ 510kQ2
*15 22M0 7.5MQ 2.2MQ 620 k2

:
3
= " Na: 1044
= 1M - 2
> -
I o= 304l
- 2y 1“
z L=t
£ -t =100 ,A
= | 1= 100 u
m — %
&
Ig= 300 4A
Pt
100k LU L

0D 2 4 6 B 10 12 14 16 18
SUPPLY VOLTAGE - Vg (V)




rr

N o
absolute maximum ratings N

NN
Supply Voltage t18v Operat.ng Temperature Range (41044
Power Dissipation (Note 1) 500 mw LH24250 -55'C 10 +125°C [~ =]
Ditferential Input Voltage (Note 2} C15V LH24250C 0Cto *70?C o
Input Voltage (Note 3} ’ “15V Storage Temperature Range -85 Cto+150°C
Output Short Circuit Duration Continuous Lead Temperature {Soldering, 10 sec) 300 C

electrical characteristics - each side (Note 4}

PARAMETER CONDITIONS LIVITS UNITS
LH24250 LH24250C

input Offset Voltage Ta 25 C, Rg < 100 k§2 30 6.0 mV Max
Input Offset Current Ta 25C 5 10 nA Max
tnput Bias Current Ta:=25C 15 30 nA Max
Input Resistance Ta " 25C 3 3 ME2 Min
Power Consumption Ta=25C, Vg~ 0, Rger ™ 2.7MO 480 600 UW Max
Large Signal Voltage Gain Ta 25 C, R_ > 10 k2 100 75 VimV Min
Input Offset Voltage Ry > 10 k2 40 75 mV Max
Input Offset Current 5 15 nA Max
Input Bias Current 15 50 nA Max
Large Signal Voltage Gain R, > 10k 50 50 vV mV Min
Output Vottage Swing Ry = 10k$2, Vg - - 15V ‘10 *10 V Min
Input Voltage Range Ta = 25°C. Vg = 15V "12 “12 vV Min
Common Mode Rejection Ratio Ta - 256 C, Rg < 10 k(2 70 70 dB Min
Supply Voltage Rejection Ratio Ta=25C Rg< 10k 76 76 d8 Min

Note 1: Derate linearty 2 mW/' C case temperature above 25 C.
Note 2: This rating applies to maximum voltage differential between input terminais. The maximum input voltage on either
input terminat is limited to *Vgup to + 15V,

Note 3: This rating limited to supply voitage to a maximum of + 15V,
Note 4: These specifications apply for Vg = +6V, lq = 30 uA, and ~55'C < Ta < +125 C unless otherwrse specified. With the
LH24250C, however, all temperature specifications are limited to 0 C < Tao<70C







Section 2. Buffer Amplifiers

Part Number

Voltage
Gain Output Slew Input -55°C to —-25°C to Page
Features {min) Current Rate Impedance 125°C 85°C Number

Bipolar Input, medium speed 0.95 +100mA 200Vius 180 KQ LHO0002H LH0002CH 2-4
LHOC02CN 2-4

FET Input, high speed 0.97 +100mA 1000 V/us 1010 LH0033G LH0033CG 2-7
LH0033CJ 2-7

FET Input, very high speed 0.95 +250mA 2000 Vius 1010¢g LHO063K LHO063CK 2.7

apIng uoios|es
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LH0002/LH0002C

National
Semiconductor

LH0002/LH0002C Current

general description

The LHO002/LH0002C is a general purpose thick
film hybrid current amplifier that is built on a
single substrate. The circuit features:

= High Input Impedance 400 k&2

m | ow Output Impedance 682

= High Power Efficiency

m | ow Harmonic Distortion

= DC to 30 MHz Bandwidth

= Qutput Voltage Swing that Approaches Supply
Voltage

# 400 mA Puised Qutput Current

® Slew rate is typically 200V/us

m QOperation from 5V to +20V

These features make it ideal to integrate with an
operational amplifier inside a closed loop configu-
ration to increase current output. The symmetrical

Buffers

Amplifier

output portion of the circuit aiso provides a low
output impedance for both the positive and nega-
tive slopes of output pulses.

The LHO002 is available in an 8-lead low-profile
TO-5 header; the LHOO0D2C is also available in an
8-lead TO-5, and a 10-pin molded dual-in-line
package.

The LHOO02 is specified for operation over the
_B5°C to +125°C military temperature range. The
LHO002C is specified for operation over the 0°C
to +85°C temperature range.

applications

Line driver

30 MHz buffer

High speed D/A conversion
Instrumentation buffer
Precision current source

schematic and connection diagrams

;
102} 01

€, b0

[P0

Pin numbers in parentheses dencte pin
connections for dual-in-line package.

typical applications

High Current Operational Amplifier

A Vg +5V 70 <16V
VA~

R1
INPUT —AAA

|y
P~ vWwv

*Previously calted NH0002/NH0002C

p— outeut '™

Dual-In-Line Package Metal Can Package

wey1

ey —4 _l St 0uTPUY

5 5 ouTRuT

T0P viEW

ToR view

Order Number LHOO02CN Order Number LHO002H or LH0002CH
See Package N10B See Package HOBA

Line Driver

SELECT CAPACITOR TQ ADJUST
TIME RESPONSE OF PULSE.

SOLCABLE
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absolute maximum ratings

Supply Voltage
Power Dissipation Ambient

Input Voltage (Equal to Power Supply Voltage)

Storage Temperature Range
Operating Temperature Range LH0002

t22v
600 mW

-65°C to +150°C

LHo002C 0°c

Steady State Qutput Current

-55°C to +125°C

to +85°C
+£100 mA

Pulsed Output Current (50 ms On/1 sec Off) +400 mA
electrical characteristics (Note 1)
PARAMETERS CONDITIONS MIN TYP MAX UNITS

Voltage Gain Rs = 10kQ, R_ = 1.0k$2 .95 .97
Vin = 3.0 Vpp, £= 1.0 kHz
Ta = -55°C to 125°C

AC Current Gain VIN=1.0V, . 40 A/mA
f=1.0kHz

Input Impedance Rs =200kQ2, Vi = 1.0 V,,,, 180 400 - k§2
f=10kHz, R, =1.0kQ2

Output Impedance ViN = 1.0V, f= 1.0 kHz — 8 10 Q
R =508, Rg = 10 k2

Output Voltage Swing R =1.0kQ, f=1.0kHz *10 11 — v

Output Voltage Swing Vs =215V, V |y = 10V, Rg < 50802 9.5V
R, =100, T, =25°C

DC Output Offset Voltage Rg=300Q2, R = 1.0k2 - 10 30 mV
Ta =~55°C to 125°C

DC Input Offset Current Rs = 10k, RL=10kQ — 6.0 +10 MA
Ta =-55°C to 126°C

Harmonic Distortion Vin=5.0V, ., f=1.0kHz - 0.1 - %
R_ =1k

Rise Time RL =508, AV|y = 100mV 7 12 ns

Positive Supply Current Rs =10k, R, = 1 kQ2 - +6.0 +10.0 mA

Negative Supply Current Rg=10kQ, R = 1kQ — -6.0 -10.0 mA

Note 1: Specification applies for T

otherwise specified. The parameter guarantee:
to +85°C, while parameters for the LHOO

to 126°C.

A = 25°C with +12V on Pins 1 and 2; ~12V on Pins 6 and 7 for the
metal can package and +12V on Pins 1 and 2; -12V on Pins 4 and 5 for the dual-in-line package unless
s for LHOOO2C apply over the temperature range of 0°C
02 are guaranteed over the temperature range ~55°C

25
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LH0002/LH0002C

typical performance

Maximum Power Dissipation Frequency Response
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National
Semiconductor

Buffers

LHO033/LH0033C, LH0063/LH0063C Fast and
Damn Fast Buffer Amplifiers

general description

The LHO033/LH0033C and LHO063/LHO063C are
high speed, FET input, voitage follower/buffers
designed to provide high current drive at fre-
quencies from DC to over 100 MHz. The LH0033/
LHO033C will provide 10 mA into 1 k§2 loads
(£100 mA peak) at slew rates of 1500V/us. The
LHO063/LHO063C will provide #250 mA into
5052 loads {+500 mA peak) at slew rates of up to
6000V /us. In addition, both exhibit excetlent
phase linearity up to 20 MHz.

Both are intended to fulfill a wide range of buffer
applications such as high speed line drivers, video
impedance transformation, nuclear instrumentation
amplifiers, op amp isolation buffer for driving
reactive loads and high impedance input buffers
for high speed A to D’s and comparators. In
addition, the LHO063/LH0063C can continuously
drive 5002 coaxial cables or be used as a diddle
yoke driver for high resolution CRT displays. For
additional applications information, see AN-48.

advantages

® Only +10V supply needed -for 5 Vp.p video out
® Speed does not degrade system performance
® Wide data rate range for phase encoded systems

2 Output drivé adequate for most loads

® Single pre-calibrated package

features

® Damn fast (LH0063) 6000V /us
® Wide range single or dual supply operation
& Wide power bandwidth DC to 100 MHz
® High output drive +10V with 5052 toad
# | ow phase non-linearity 2 degrees
® Fast rise times 2ns
& High current gain 120 dB
® High input resistance 10°Q

These devices are constructed using specially
selected junction FET's and active laser trimming
to achieve guaranteed performance specifications.
The LHO033 and LLHO063 are specified for opera-
tion from ~65°C to +125°C; whereas, the LH0033C
and LHOO063C are specified from —25°C to +85°C.
The LHO033/LHO033C is available in a 1.5W
metal TO-8 package and a special 1/2 x 1 inch 8
pin ceramic dual-in-line package while the LHO063/
LHO063C is available in a 5W 8-pin TO-3 package.

: “OE900H1/£900H 7
‘OLE00H1/EE00H 1

connection diagrams

Metal Can Package

Dual-In-Line Package

Metal Can Package

" INPUT e
OFFSET 2
PRESET ]

OFFSET 3
ADJUST

GUTPUT

ouTPuT

i vt . /O\
fa— vi\/‘/(a/}(’a\_\ ‘
" ( ( @l ) OFFSET
v nuvrur/\\ &//::SDEJ:ST

OFFSET ! Ve
ADJUST nC

Order Number LH0033J or LH0033CJ
See Package HY08A ISOLAT!

TOP VIEW
CASE IS ELECTRICALLY
ISOLATED
Order Number LH0033G or LH0033CG
See Package H12B

TOP VIEW

PRESEY

~Ne/

TOP VIEW
CASE IS ELECTRICALLY

Order Number LHO063K or LHO063CK
See Package KOBA
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LH0033/LH0033C, LH0063/LH0063C

absolute maximum ratings

Supply Voltage wr-vo 40V Peak Output Current

Maximum Power Dissipation (See Curves) LH0063/LH0063C
LHO063/L HOD63C BW LHD033/LK0033C
LHO033/LHO033C 1.5W Operating Temperature Range

175°C
Equal to Supplies -

LH0033 and LHO063
LH0033C and LHO063C
Storage Temperature Range

Maximum Junction Temperature
Input Voltage
Continuous Output Current

+500 mA
+250 mA

-55°C to +125°C

~25°C

to +85°C

~65°C 1o +150°C

LHO0B3/LHO063C +250 mA Lead Temperature {Soldering, 10 sec) 300°C
L HO033/LH0033C +100 mA
dc electrical characteristics LH0033/LHO033C: (Note 1)
LIMITS
PARAMETER CONDITIONS LH0033 LH0033C UNITS
MIN TYP MAX MIN TYP MAX
Rg = 100 k2, T = 26°C 5 10 12 20 mv
Output Offset Voltage R = 100 k&2 15 25 v
Average Temperature Coefficient Rg = 100 k<2, o
of Offset Voltage -55°C < T € 126°C 50 0 wvrte
’ o 05 A 05 15 nA
Input Bias Current Te=25¢C 10 5 nA
. VN = 1Vrms, £ =1 kHz,
Voltage Gain R, = 1K, Rg = 100 «Q .97 .98 1 96 98 1 VIV
Input Impedance R, = 1kQ 10'° 10" 10'° 10" Q
Vin = 1Vrms, £= 1 kHz,
Output impedance Rg = 100 k2, R, = 1 k€2 6 10 6 10 Q
R, = 1k, 12 13 12 +13 v
Qutput Voltage Swing R, = 10082, T¢c = 25°C 9 ! *9 v
Vg = BV, R, = 1k 6 6 Vo
Vin = 0V, Vg = 15V 20 22 21 24 mA
Supply Current Vg = 5V 18 18 mA
Power G on Vin = 0V, Vg = 15V 600 660 630 720 mw
ower Consumptiol Vs = #BV 180 180 mw
ac electrical characteristics
LHO0033/LHO033C (T = 26°C, Vg = 15V, Rg = 60, Ry = 1kQ2)
LIMITS
PARAMETER CONDITIONS LH0033 LH0033C UNITS
MIN TYP MAX MIN TYP MAX
Slew Rate Vi = 210V 1000 1500 1000 1400 Vius
Bandwidth Vi = 1Vrms 100 100 MHz
Phase Non-Linearity BW = ] to 20 MHz 2 2 degrees
Rise Time AV = 0.5V 29 3.2 ns
Propagation Delay AVy = 0.5V 1.2 1.5 ns
Harmonic Distortion t2> 1kHz <0.1 <0.1 %

Note 1: Unless otherwise specified, these specifications apply for

10, and pin 6 shorted to pin 7 for the LH0033/LHO033C. For the LHOO63/LH!
s 7 and B, and pin 5 shorted to pin . Unless otherwise n

to pins 1 and 2, - 15V applied to pin:
< +125°C for the LHO033 and LHO063; and ~25°C ST¢ S

temperature range of -55°C < T¢

LH0063C. Typical values shown are for T¢ = 25°C.

+15V applied to pins 1 and 12, —15V applied to pins 9 and
0063C, specifications apply for +15V applied
oted, specifications apply over 2
+85°C for the LH0033C and

2-8



TT
dc electrical characteristics (H0063/LH0063C (Note 1) S8
N W
LIMITS Q Q
[l g
PARAMETER CONDITIONS LHO063 LHO063C UNITS I I
MIN TYP MAX MIN TYP MAX 8 8
Rs <100k, T¢ = 25°C 10 25 10 50 mv N W
Output Offset Voitage Re < 100 KS? 100 100 mv 8 8
Average Temperature Coefficient s ~
. Q Vv/°C
of Output Offset Voltage Rs <100k 300 300 i
. Jp— 1 -5 1 -6 nA
fnput Bias Current T, =258°C 10 5 nA
=41 R.
Vohage Gain Vin = £10V. 85 <100 k2, 94 96 1 94 96 1 VIV
A R =1kQ
. Viy = $10V, Rg < 100 k€2,
. k k . \24%
Voltage Gain AL =508, Tg - 25°C .92 93 98 91 a3 98
Input Resistance 10'° 10" 10'° 10" Q
Input Capacitance Case Shorted to Output 8 8 pF
Vourt = *10V, Rg = 100 k{2
1 4 1 4 Q
Qutput Impedance A, =500
Output Current Swing Vin = £10V, Rg < 100 kQ2 2 .25 2 25 Amps
QOutput Voltage Swing R_ =500 *+10 13 10 +13 v
. Vg = $8V, R =504,
Output Voltage Swing Trs; - 2% L 5 7 5 7 Vep
Te = 25°C, R = oo,
3 5 A
Supply Current Vg = $15V 35 6! 35 65 m.
Supply Current Vg = 35V 50 50 mA
) Te =25°C, R = o,
: . 1. . E w
Power Consumption Vg = +15V 1.06 g5 1.05 195
Power Consumption Vg = 15V 500 500 mw
ac electrical characteristics
LHO063/LHO063C: (T = 25°C, Vg = 315V, Rg = 502, R = 50Q)
LIMITS
PARAMETER CONDITIONS LHO0063 LHO0063C UNITS
MIN TYP MAX MIN TYP MAX
Slew Rate Ry =1k, Vi =210V 6000 6000 Vius
= =t
Slew Rate A 5052' Vin = £10V 2000 2400 2000 2400 Vius
Te =25°C
Bandwidth Viny = 1 Vrms 200 200 MHz
Phase Non-Linearity BW =110 20 MHz 2 2 degrees
Rise Time AV = .5V 1.6 1.9 ns
Propagation Delay AV = .5V 19 21 ns
Harmonic Distortion <0.1 <0.1 %
Note 1: Unless otherwise specified, these specifications apply for +15V applied 1o pins 1 and 12, 15V applied to pins 9 and
10, and pin 6 shorted to pin 7 for the LHO033/LHOO33C. For the LHOOB3/LHO063C, specifications apply for +15V applied
to pins 1 and 2, ~15V applied to pins 7 and 8, and pin 5 shorted 1o pin 6. Unless otherwise noted, specifications apply over a
temperature range of ~65°C < Tc < +125°C for the LHOO033 and LHO063; and -25°C < Tg < +85°C for the LM0O033C and
LHOQGB3C. Typical values shown are for T = 25°C.
il




LH0033/LH0033C, LH0063/LH0063C

typical performance characteristics
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typical performance characteristics (con’t)

LHO0033 Input Bias Current

INPUT BIAS CURRENT (nA)

vs Temperature LHO063 Input Current LHO0063 Frequency Response
10% 220
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- — 160
< - 160
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& ,'2% i Z 5 120
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TEMPERATURE (‘C) TEMPERATURE ( C) FREQUENCY (MH2)
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Time
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application hints

Recommended Layout Precautions: RF/video

printed circuit board layout rules should be fol-

lowed when using the LH0033 and LH0063 since

they will provide power gain to frequencies over o
100 MHz. Ground planes are recommended and (orEN)
power supplies should be decoupled at each device
with fow inductance capacitors. In addition, ground
plane shielding may be extended to the metal case
of the device since it is electrically isolated from
internal circuitry. Alternatively the case should be

connected to the output to minimize input capaci- FIGURE 1. Offset Zero Adjust for LH0033 (Pin nos.
tance. shown for TO-8}

OFFSET
ADJUST

Offset Voltage Adjustment: Both the LH0033's
and LHOO083's offset voltages have been actively
trimmed by laser to meet guaranteed specifications

when the offset preset pin is shorted to the offset INPUT O
adjust pin. This pre-calibration allows the devices greser
to be used in most DC or AC applications without (OPEN)
individually offset nulling each device. If offset orsser

null is desirable, it is simply obtained by leaving
the offset preset pin open and connecting a trim
pot of 1002 for the LHO033 or 1 k§2 for the
LHO063 between the offset adjust pin and V™~ .
as illustrated in Figures- 1 and 2. FIGURE 2. Offset Zero Adjust for LHO063

1

O£900H1/E900H T |
‘“98£00H1/EE00H ]

PHASE LAG (DEGREES)




LH0033/LH0033C, LH0063/LH0063C

application hints {(con’t)

Operation from Single or Asymmetrical Power
Supplies: Both device types may be readily used
in applications where symmetrical supplies are
unavailable or not desirable. A typical application
might be an interface to a MOS shift register
where VY = 45V and V™ = —12V. In this case,
an apparent output offset occurs due to the de-
vice's voltage gain of less than unity. This additional
output offset error may be predicted by:

wr-v)

AVg = (1- Ay) = 005 (VI - V")

where:
Ay = No load voltage gain, typically .99

vt = positive supply voltage

V™ = Negative supply voltage

For the above example, AV would be ~35 mV.
This may be adjusted to zero as described in
Section 2. For AC coupled applications, no addi-
tional offset occurs if the DC input is properly
biased as itlustrated in the “‘typical applications”
section.

~ Short Circuit Protection: In order to optimize

transient response and output swing, output cur-
rent limit has been omitted from the LH0033
and LHO063. Short circuit protection may be
added by inserting appropriate value resistors
between V' and V¢ pinsand V. and Ve pins

C=014F

OouTPut

€ =01uF

FIGURE 3. LH0033 Using Resi Current Limiti

as ilfustrated in Figures 3 and 4. Resistor values
may be predicted by:

vt VT
Rum =— = —
sC SC
where: lsc < 100 mA for LHO033

lsc < 250 mA for LHO063

The inclusion of limitipg resistors in the collectors
of the output transistors reduces output voltage
swing. Decoupling Vet and Ve pins with ca-
pacitors to ground will retain full output swing
for transient pulses. Alternate active current fimit
techniques that retain full DC output swing are
shown in Figures 5, 6 and 7. In Figures 5 and 6,
the current sources are saturated during normal
operation thus apply full supply voitage to the
Ve pins. Under fault conditions, the voltage de-
creases as required by the overload. For Figure 5:

A" BV
Rim = Z8BE _ - 108
lsc 60 mA

In Figure 6, quad transistor arrays are used to
minimize can count and:

Vae BV

Rum = 8.20

173 (lsc)  1/3 {200 mA)

FIGURE 4. LHO063 Using Resistor Current Limiting

2-12




application hints (con’t)

014F

Q1 - Q2 - 2N2905
Q3 - 04 - 2N2219

O 15y

FIGURE 5. LH0033 Current Limiting Using Current
Sources

NuF

FIGURE 6. LH0063 Current Limiting Using Current

Sources

Capacitive Loading: Both the LH0033 and LHO0063
are designed to drive capacitive loads such as co-
axial cables in excess of several thousand picofarads
without susceptibility to oscillation. However,
peak current resulting from (¢ x d,, /d,) should be
iimited below absolute maximum peak current
ratings for the devices.

Thus for the LH0033:

AV
(—A;ﬂ>xc,_ < gur € £250 mA

and for the LH0063:

(AV,N> X CL S lgur € £500mA
At

OE900H1/€900HT
‘0€E00H1/EE00H1



LH0033/LH0033C, LH0063/LH0063C

application hints (con;t)

In addition, power dissipation resulting from
driving capacitative loads plus standby power
should be kept below total package power rating:

Pus 2 Poc * Pac

pkg

Pais = (VT=V7T) X 15 + Pyac
okg

1%

Pac = (Vpp)? X X CL

where  Vpp = Peak-to-peak output voltage swing
f = frequency

C, = Load Capacitance

Operation Within an Op Amp Loop: Both devices
may be used as a current booster or isolation
buffer within a closed loop with op amps such
as LHO0032, LHO062, or LM118. An isolation

schematic diagrams

LH0033/LH0033C

\l NOAMALLY
SHORTED

INPUT O

/5

\ NoRmALLY
¥ suorTED
/

ADJUST ™o PRESET
NORMALLY
SHORTED

PIN NUMBERS SHOWN FOR T0-8 {"G") PACKAGE

RI
4
NeUT OmAVA4

resistor of 472 should be used between the op
amp output and the input of LH0033. The wide
bandwidths and high slew rates of the LH0033
and LHO063 assure that the focop has the charac-
teristics of the op amp and that additional rolloff
is not required.

Hardware: In order to utilize the fuil drive
capabilities of both devices, each should be
mounted with a heat sink particularly for ex-
tended temperature operation. The cases of both
are isolated from the circuit and may be con-
nected to system chassis.

ACHTUNG!

Power supply bypassing is necessary to prevent
oscillation with both the LH0033 and LHO063 in
all circuits. Low inductance ceramic disc capacitors
with the shortest practical lead lengths must be
connected from each supply lead (within < % to
%’ of the device package) to a ground plane.
Capacitors should be one or two 0.1uF in parallel
for the LHO033; adding a 4.7uF solid tantalum
capacitor will help in troublesome instances. For
the LHO063, two 0.tuF ceramic and one 4.7uF
solid tantalum capacitors in parallel will be neces-
sary on each supply lead.

LH0063/LH0063C

~

} NOAMALLY
SHORYED

S|

| ]
9

06

A3
< RE

3
as O outeut

R8

NORMALLY
SHORTED

2
g
7]
[
o L:Z-
7/

-

~
NORMALL Y
SHORTED




typical applications

High Speed A ic Test Equip
Forcing Function Generator

Vaeer

LOGIC "1
THRESHOLD

L — awow

F————

Vaeez

LOGIC 2"
THRESHOLD

L — 2w

o) ADDITIONAL LEVELS
IF REQUIRED

COMPUTER m
CONTROLLED

g |

[
PATTEAN ZBD_.DO_.I._

- — 4 L e

Gamma Ray Puise Integrator

I
SCINTILLATION om
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LHO0033/LH0033C, LH0063/LH0063C

typical applications {con’t)

Nuclear Particie Detector High Input Impedance AC Coupled Amplifier

LARGE AREA
SiLiCoN DIODE

-0 15V

fH 100 MHz

Isolation Buffer Coaxial Cable Driver

OVERALL FEEDBACK

15V

—l'— AEACTIVE

Al
cll)lJ

Coaxial Cable Driver

*Saiect €, For Giptimum Pulse Response

1W CW Final Amplifier

INPUT
1W @ 56
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typical applications (con’t)

High Input Impedance Comparator
With Offset Adjust’ Instrumentation Shield/Line Driver

Vuu v
o)

INPUT O

NO GO = LOGIC "1
6O = LOGIC "0

o
o
oA
Single Supply AC Amplifier 4.5 MHz Notch Filter
Ve = 1207

High Speed Sample & Hold

[
I 1900 oF

_'}__
LOGIC

WPUT

“Potycarhonate ot Tefton

1
fo = Rt

217

OE900H1/€900H1
‘0EE00H1/EE00HT



LH2110/LH2210/LH2310

National
Semiconductor

Buffers

LH2110/LH2210/LH2310 Dual Voltage Follower

general description

The LH2110 series of dual voltage followers are

two LM110 type followers in a single hermetic
package. Featuring all the same performance char-
acteristics of the single, these duals offer in addi-
tion closer thermal tracking, lower weight, reduced
insertion cost and smaller size than two singles.
For additional information, see the LM110 data
sheet and National’s Linear Application Notebook.

The LH2110 is specified for operation over the
-55°C to +125°C military temperature range. The
LH2210 is specified for operation over the ~25°C
to +85°C temperature range. The LH2310 is speci-

fied for operation over the 0°C to +70°C temper-
ature range.

features

® low inputcurrent 1 nA
s High input resistance 10'° ohms
= High slew rate 30V/us
& Wide bandwidth 20 MHz
® Wide operating supply range +5V to +18V
8 Qutput short circuit proof

connection diagram

Order Number LH2110D or
LH2210D or LH2310D
See Package D16C

auxiliary circuits

QUTPUT

*May be added to reduce
v internal dissipation.

INPUT

ouTPUT

Offset Balancing Circuit

218




rre
N N
absolute maximum ratings [ Gy
. o -Gy
Suppty Voltage 18V Operating Temperature Range LH2110 -55°Cto 125°C o0
Power Dissipation (Note 1) 500 mW LH2210 -25°C 10 85°C F
{nput Voltage (Note 2) 115V LH2310 0°C to 70°C -
Output Short Circuit Duration (Note 3) Continuous Storage Temperature Range -65°C to 150°C N .
. R Lead Temperature (Soldering, 10 sec) 300°C N
electrical characteristics Each side (Note 4) ' =
LIMITS =~
PARAMETER CONDITIONS UNITS
LH2110 LH2210 LH2310
Input Offset Voltage Ta=25"C 4.0 4.0 75 mV Max
input Bias Current Ta=25°C 30 30 7.0 nA Max
Input Resistance Ta=26C 10'° 10'° 10'° Q Min
Input Capacitance 1.5 1.5 15 pF Typ
Large Signal Voltage Gain Ta=25"C, Vg = 15V .999 .999 9998 V/V Min
Vour = 10V, R, = 8kQ
Output Resistance Ta=25C 25 25 25 2 Max
Supply Current {Each Amplifier) Ta=25C 55 55 55 mA Max
Input Offset Voltage . 8.0 6.0 10 mV Max
Offset Voltage -55°C < TA< 85°C 6 6 10 uv/°C Typ
Temperature Drift Ta=125"C 12 12 - uVv/°C Typ
Input Bias Current 10 10 10 nA Max
Lavge‘Signal Voltage Gain Vg = *15V, Vour = 10V .999 999 999 V/V Min
R, = 10kQ
Output Voltage Swing (Note 5) Vg = £15V, R = 10 k2 +10 10 10 V Min
Supply Current (Each Amplifier} Ta=125°C 4.0 40 - mA Max
Suppty Volitage Rejection Ratio 15V < Vg < 18V 70 70 70 dB Min

Note 1: The maximum junction temperature of the LH2110 is 150°C, while that of the LH2210 is 100°C and that of the LH2310 is 85°C. For
operating devices in the flat package at elevated temperatures, the derating is based on a thermal resistance of 185°C/W when mounted on a
1/16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100° C/W,
junction to ambient.

Note 2: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.

Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 70°C. It is necessary to insert a resistor
greater than 2k in series with the input when the amplifier is driven from low impedance sources to prevent damage when the output is shorted.
Note 4: These specifications apply for t+5V < Vg < 118V and -56°C < Tp < 125°C, unless otherwise specified. With the LM210, however, all
temperature specifications are limited to ~25°C < Tp < 86°C, and for the LH2310, all temperature specifications are limited to 0°C = Tp < 70°C.
Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V™ terminals.
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Section 3. Instrumentation Amplifiers

All of the amplifiers in this section are true differential input instrumentation amplifiers with very high common mode rejection and

adjustable gain.

Characteristics Part Number
Vosin AVos Gain Gain Gain —25°Cto | —-55°Cto Page
Features g Max Max AT Lin. Tempco Error 85°C 125°C Number
90 W dissipation, wide 125nA 2mvV 10uV/°C 0.03% * 3% max | LH0036C 3-4
supply range, one 100nA 1mVv 10uvi°C 0.03% 1% max LH0036
external gain set
resistor
Low cost, one external 2mv 10uV/°C 0.03% . 1% LH0037C 312
gain set resistor 500nA itmv 10uV/i°C 0.03% * 0.3% LHO0037
Ultra low drift, all gain set 100nA 150V | 1uV/°C max{ 1ppm 7ppm/°C 0.1% LH0038C 3-15
resistors internal, very 100V 0.25uV/°C 1ppm 7 ppmi°C 01% LH0G38
low noise, very linear, max
guard drive amplifier
included
Monolithic, external gain 40pA 30mVv 10uV/°C  10.1% max 3 0.2% max LF252 327
set resistors (2), 20pA 15mv 10uV/°C 0.05% 3* ppm/°C | 0.1% max LF152

*Dependent upon external resistors.
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LHO0036/LH0036C

National
Semiconductor

Amplifiers

LHO036/LH0036C Instrumentation Amplifier

general description

The LHO036/LH0O036C is a true micro power
instrumentation amplifier designed for precision
differential signal processing. Extremely high accu-
racy can be obtained due to the 300 MQ input
impedance and excellent 100 dB common mode
rejection ratio. It is packaged in a hermetic TO-8
package. Gain is programmable with one external
resistor from 1 to 1000. Power supply operating
range is between £1V and £18V. Input bias current
and output bandwidth are both externally ad-
justable or can be set by internally set vajues.
The LHO036 is specified for operation over the
—55°C to +125°C temperature range and the

LHO036C is specified for operation over the
—25°C to +85°C temperature range.

features

® High input impedance 300 MQ2
® High CMRR 100 dB
® Single resistor gain adjust 1 to 1000
% | ow power 90uwW
® Wide supply range 1V to +18V
®  Adjustable input bias current

® Adjustable output bandwidth

® Guard drive output

equivalent circuit and connection diagrams

INPUT GUARD
BIAS DRIVE BANDWIDTH
AQJUST ouTPUT CONTROL v v
{
3i 2 1 _T_u i‘“
r —_—— —— — — =
V. 5| I |
INPUT
I R3 RS |
AAA —AAA
| VW VW |
GAIN o 4 5 I
. <
SET At
| m |
1
I ¢ ouTPUT
! N s |
GAIN o T N b4 [
SET
/4 86
| AAA AAA J} O CMRR
A A PRESET
NON-INV. EI + A7 [] CMRR
eyt © I YWy | O rRim
L e e e e — .
GUARD DRIVE
ouTPUT BANDWIDTH

INPUT BIAS

iNVERTING
INPUT

NONINVERTING
INPUT

CONYROL

ouTPUT

PRESET

CMRR
TRIM

TOP VIEW

Order Number LHO036G or LHO036CG
See NS Package H12B
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T
absolute maximum ratings 2
Supply Voltage £18V Short Circuit Duration Continuous Q
Differential Input Voltage 30V Operating Temperature Range ; . r—
Input Voltage Range Vg LHO036 -55 S to HZSGC I
Shieid Drive Voltage Vg LHO036C ‘2? Cto +850C
CMRR Preset Voitage Vg Storage Temperature Range 65 C1o HSOAC 8
CMRR Trim Voltage Vg Lead Temperatuse, Soldering 10 seconds 300°C (&)
Power Dissipation (Note 3} 1.5W 8
electrical characteristics (Notes1and 2)
LIMITS
PARAMETER CONDITIONS 1LH0036 LH0036C UNITS
MiN TYP MAX MIN TYP MAX 3
Input Offset Voitage Rg = 1.0k, T4 = 25°C 0.5 1.0 1.0 20 mV
V,os) Rg = 10kS2 20 30 mv
Output Offset Voltage Rg = 1.0k$2, T, = 25°C 2.0 5.0 50 10 mv
(Voos! Rg = 1.0k( 6.0 12 mv
Input Offset Voltage R < 1.0k(2 10 10 uv/°C
Tempco (AV,pg/AT) !
Output Offset Voltage 15 15 uv/°C
Tempco (AVgeg/AT)
Overall Otfset Referred Ay =10 25 6.0 mv
to fnput (Vgg) Ay =10 07 1.5 mV
Ay = 100 052 1.05 mv
Ay = 1000 0.502 1.008 mV
lnput Bias Current Ta =25C 40 100 50 125 nA
g 150 200 nA
tnput Offset Current Ta=25C 10 40 20 50 nA
fiost 80 100 nA
Small Signal Bandwidth Ay =10 R =10k 350 350 kHz
Ay = 10, R, = 10k 35 35 KHz
Ay =100, R, - 10k} 35 35 kH2
A, =1000, R = 10k$? 350 350 Hz
Full Power Bandwidth Vin = 10V, R = 10k, 5.0 5.0 kHz
Ay =1
Input Voitage Range Differentiai *10 12 10 12 v
Common Mode 210 £12 10 £12 v
Gain Nontinearity 0.03 003 %
Deviation From Gain A, = 1101000 *0.3 10 1.0 3.0 %
Equation Formula
PSRR +50V < Vg <215V, 10 25 1.0 50 mvV/V
Ay =10
15,0V < Vg <15V, .05 0.25 0.10 0.50 mv/vV
Ay = 100
CMRR Ay, =10 DC o 1.0 25 25 5.0 mv/V
Ay =10 100 Hz a1 0.25 0.26 0.50 mv/v
Ay = 100 ARg = 1.0k 50 100 50 100 uviv
Qutput Voltage Vg = 216V, R = 10k(2, 10 £135 £10 €135 v
BV, R = 100k$2 6 0.8 0.6 0.8 v
Output Resistance 0.5 05 51
Supply Current 300 400 400 600 HA
Equivalent Input Noise 0.1Hz <f<10kHz, 20 20 uvVip-p
Voltage Rg <5082
Slew Rate AV =210V, 0.3 0.3 Vius
R = 10kE2, Ay = 1.0
Settling Time To 10 mV, R = 10k{2,
AVgoyr = 1.0V
Ay =10 38 38 Hs
Ay =100 180 180 Hs
Note 1: Unless otherwise specified, all specifications apply for Vg = 15V, Pins 1, 3, and 9 grounded, -25°C to +85°C for the
LHO036C and —65°C to +125°C for the LH0036.
Note 2: Ail typical values are for Ta = 25°C.
Note 3: The maximum junction temperature 1s 150°C. For operation at elevated temperature derate the G package on a
thermal resistance of 90°C/W, above 26°C.




LH0036/LH0036C

typical performance characteristics

Supply Current vs Temperature
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typical applications
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LHO0036/LH0036C

applications information
THEORY OF OPERATION

FIGURE 1. Simplitied £H0036

The LHO036 is a 2 stage amplifier with a high
input impedance gain stage comprised of A, and
A, and a differential to single-ended unity gain
stage, Aj. Operational amplifier, A;, receives
differential input signal, e,, and amplifies it by a
factor equal to (R1 + Rg)/Rg.

A, also receives input e, via A, and R2. e, is seen
as an inverting signal with a gain of R1/Rg. A4
also receives the common mode signal ecy, and
processes it with a gain of +1,

Hence:

v R1*Rg R1 "
=2 e, ~ — eyte 1
1 RG 1 RG 2 cM

By similar analysis V, is seep to be:

v R2+ Rg R2 )
= m————gy — — e te
2 Ro 2 Ao 1 cm
For R1=R2:
2R1
Vo —=Vy =l{—}+1](e; —e4) (3)
Ra

Also, for R3 = R5 = R4 = R, the gain of Ag=1,
and:

2R1
€g =(”(V2 ‘V1) = (62 —91) [1 + (——) ] (4)
Ra
As can be seen for identically matched resistors,
ecm is cancelled out, and the differential gain is
dictated by equation (4).

For the LHO036, equation (4} reduces to:

e 50k
S = = (Sa)

AvclL =
ey — ey Rg

The closed loop gain may be set to any value from
1 (Rg = °°) to 1000 {(Rg == 5082). Equation (5a)
re-arranged in more convenient form may be used
to select Rg for a desired gain:

50k
Rg = ——— (5b)
AvcrL — 1

USE OF BANDWIDTH CONTROL (pin 1}

In the standard configuration, pin 1 of the LH0036
is simply grounded. The amplifier’s slew rate in
this configuration is typically 0.3V/us and small

signal bandwidth 350 kHz for Ayc, = 1. In some
applications, particularly at low frequency, it may
be desirable to limit bandwidth in order to mini-
mize the overall noise bandwidth of the device. A
resistor Rgy may be placed between pin 1 and
ground to accomplish this purpose. Figure 2 shows
typical smali signat bandwidth versus Rgwy.

™

Vg = 15V
100k =

BANOWIDTH (Hz)

Vg = +1.5V

2
2

1.0k -
AL 1.0M 1M 100M 1000M

Rpw — RESISTANCE FROM PIN 1 TO GROUND (2}

FIGURE 2. Bandwidth vs Rgyy

It also should be noted that large signal bandwidth
and slew rate may be adjusted down by use of
Rew. Figure 3 is plot of slew rate versus Rgw.

SLEW RATE {V/us)

‘M'II; 100k 1.0M 10M 100M
Rgw —~ RESISTANCE FROM PIN 1 TO GROUND (2}

FIGURE 3. Output Slew Rate vs Rpyy
CMRR CONSIDERATIONS
Use of Pin 9, CMRR Preset

Pin 9 should be grounded for nominal operation.
An internal factory trimmed resistor, R6, will
yield a CMRR in excess of 80 dB (for Ayc, = 100).
Should a higher CMRR be desired, pin 9 shouid
be left open and the procedure, in this section
followed.

DC Off-set Voltage and Common Mode
Rejection Adjustments

Off-set may be nulled using the circuit shown in
Figure 4.

INPUTS.

FIGURE 4. Vg Adjustment Circuit

Pin 8 is also used to improve the common mode
rejection ratio as shown in Figure 5. Null is
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applications information (con’t)

achieved by alternately appiying £10V (for vt g

V = 15V) to the inputs and adjusting R1 for
minimum change at the output.

BI

INPUT S
oy O 12

4 +
fg HOO36 ouTPUT
7 4

+
(1% (L)
5.0k

5y

FIGURE 5. CMRR Adjustment Circuit

The circuits of Figure 4 and 5 may be combined
as shown in Figure 6 to accomplish both Vg
and CMRR null. However, the Vgg and CMRR
adjustment are interactive and several iterations
are required. The procedure for null should start
with the inputs grounded.

5V

INPUT
oy O

FIGURE 6. Combined CMRR, Vg Adjustment Circuit

R2 is adjusted for Vgg null. An input of +10V
is then applied and R1 is adjusted for CMRR null,
The procedure is then repeated until the optimum
is achieved.

A circuit which overcomes adjustment interaction
is shown in Figure 7. In this case, R2 is adjusted
first for output null of the LH0036. R1 is then
adjusted for output null with +10V input. It is
always a good idea to check CMRR null with a
—10V input. The optimum null achievable wili
yield the highest CMRR over the amplifiers com-
mon mode range.

15V

INPUT L)
.oy, & N
-1ov T "
L1 LHO036 oUTPUT sV
) .
IR <
+ ‘R 1 + > 1004
ST sou
Vg
Lmtor
15y
B 2
O ~15¢

* NOTE: NOMINAL VALUE R1 TO ACHIEVE OPTIMUM CMAR 1S 30 ke

FIGURE 7. Improved Vg, CMRR Nulling Circuit

AC CMRR Considerations

The ac CMRR may be improved using the circuit
of Figure 8.

15¢

LHON36 10 ourrur

PR S

o (U 'i

1000 pF -18v

FIGURE 8. Improved AC CMRR Circuit

After adjusting R1 for best dc CMRR as before,
R2 should be adjusted for minimum peak-to-peak
voltage at the output while applying an ac
common mode signal of the maximum amplitude
and frequency of interest.

INPUT BIAS CURRENT CONTROL

Under nominal operating conditions {pin 3 ground-
ed}, the LHOO036 requires input currents of 40 nA.
The input current may be reduced by inserting a
resistor {Rg) between 3 and ground or, alter-
natively, between 3 and V. For Rg returned to
ground, the input bias current may be predicted
by:

lop = — 205 (6)

BIAS ™ 4% 10° + 80O Ry

or

Ry = VY — 05— (4 x10%) (Igas) (6b)
800 Igias

Where:

Ig1as = Input Bias Current (nA)

Rg = External Resistor connected between
pin 3 and ground (Ohms)

vt = Positive Supply Voltage (Volts)

Figure 9 is a plot of input bias current versus Rg.

Taias (04}

10k 100k 1.0M 10M 100M
Rg — RESISTANCE FROM PIN 3 TD GROUND {12)

FIGURE 9. Input Bias Current as a Function of Rg

As indicated above, Rg may be returned to the
negative supply voltage. Input bias current may
then be predicted by:

(Vi —-v)-05

lgias = ———p————
BIAS T 4 x 10° + 800 Ry

ﬁ O9€00HT/9E00H



LHO036/LH0036C

applications information (con’t)

or

o s (V¥ —V7) — 0.5 — (4 x 10®){ig as) @
8= 800 Ig)as

Where:
laias = Input Bias Current (nA)

Rg = External resistor connected between
pin 3 and V™ (Ohms)

VY = Positive Supply Voltage {Volts}
V™ = Negative Supply Voltage (Volts)

100

Ya-25C
Vg = +15V
1
g
- Vg = +1.5V U
i JI
£
10
[ !
10k 100k 1.0M o 100M

Rg ~ RESISTANCE FROMPIN 3 V™ (22}
FIGURE 10. Input Bias Current as a Function of Rg
Figure 10 is a plot of input bias current versus
Rg returned ta V it should be noted that band-

width is affected by changes in Rg. Figure 11isa
plot of bandwidth versus Rg.

1.0M

100k

10k

UNITY GAIN BANDWIDTH (Hz)

10k 160k 1.0M 1M 100M
Rg — RESISTANCE FROM PIN 3 TO GROUND (-1}

FIGURE 11. Unity Gain Bandwidth as a Function of Ry

BIAS CURRENT RETURN
PATH CONSIDERATIONS

The LHO036 exhibits input bias currents typically
in the 40 nA region in each input. This current
must flow through Rigo as shown in Figure 12.

FIGURE 12. Bias Current Return Path

In a typical application, Vg = £18V, lg, = g, =
40 nA, the total current, |y, would flow through
Riso causing a voltage rise at point A. For values
of Rigo > 150 M{2, the voltage at point A exceeds
the +12V common range of the device. Clearly,
for Rigp = o0, the LHO036 would be driven to
positive saturation.

The implication is that a finite impedance must
be supplied between the input and power supply
ground. The value of the resistor is dictated by
the maximum input bias current, and the common
mode voltage. Under worst case conditions:
Vemr — Vem
Riso € ———— )
I
Where:

Vemr = Common Mode Range {10V for
the LHO0036)

Vem = Common Mode Voltage

It = lgy + lg2

-In applications in which the signal source is float-

ing, such as a thermocouple, one end of the source
may be grounded directly or through a resistor.

GUARD OUTPUT

Pin 2 of the LHOQ36 is provided as a guard drive
pin in those stringent applications which require
very low leakage and minimum input capacitance.
Pin 2 will always be biased at the input common
mode voltage. The source impedance looking into
pin 2 is approximately 15 k$2. Proper use of the
guard/shield pin is shown in Figure 13.

115y

18V

FIGURE 13. Use of Guard

Far applications requiring a fower source impedance
than 156 k2, a unity gain buffer, such as the
LHQ002 may be inserted between pin 2 and the
input shields as shown in Figure 14.

LHOD0Z

BRI

w Re LHBO35 outeur

tem

||}—®-4>—®—
S W

_15v

FIGURE 14. Guard Pin With Buffer




definition of terms

Bamdwidth: The frequency at which the voitage
gain is reduced to 0.707 of the low frequency
{dc) value.

Closed Loop Gain, Aycy : The ratio of the output
voltage swing to the input voltage swing deter-
mined by Ayc = 1 + (50k/Rg). Where: Rg =
Gain Set Resistor.

Ce Mode Rejection Ratio: The ratio of
input voltage range to the peak-to-peak change in
offset voltage over this range.

Gain Equation Accuracy: The deviation of the
actual closed loop gain from the predicted closed
loop gain, Aycr = 1 + (60k/Rg) for the specified
closed loop gain.

Input Bias Current: The current flowing at pin 5
and 6 under the specified operating conditions,

Input Offset Current: The difference between the
input bias current at pins 5 and 6; i.e. lgg =
lg ~ gl

Input Stage Offset Voltage, V os: The voltage
which must be applied to the input pins to force
the output to zero volts for Ay, = 100.

Output Stage Offset Voltage, Vops: The voltage
which must be applied to the input of the output
stage to produce zero output voltage. It can be
measured by measuring the overall offset at unity
gain and subtracting V,ps.

Voos = |V -1V
0os [ OS‘AVCL=1] [ OSIAVCL=1OOO]

Overall Offset Voltage:

Voos
Vos =Vios +

VCL

Power Supply Rejection Ratio: The ratio of the
change in offset voltage, Vg, to the change in
supply voltage producing it.

Resistor, Rg: An optional resistor placed bet_\_lveen
pin 3 of the LH0036 and ground (or V } to
reduce the input bias current.

Resistor, Rgw: An optional resistor placed b_e-
tween pin 1 of the LH0036 and ground (or V }
to reduce the bandwidth of the output stage.

Resistor, Rg: A gain setting resistor connected
between pins 4 and 7 of the LH0036 in order to
program the gain from 1 to 1000.

Settling Time: The time between the initiation
of an input step function and the time when the
output voltage has settled to within a specified
error band of the final output voltage.

O9€00H1/9E00H1



LH0037/LH0037C

National
Semiconductor

Amplifiers

LH0037/LH0037C Low Cost Instrumentation

Amplifier

general description

The LHO037/LHO037C is a true instrumentation ampli-
fier designed for precision differential signal proc-
essing. Extremely high accuracy can be obtained due to
the 300 M input impedance and excellent 100 dB
common-mode rejection
hermetic TO-8 package. Gain is programmable with one
external resistor from 1 to 1000. Power supply operating
range is between £S5V and +22V.

The LHO037 is specified for
—55°C to +125°C temperature range and the LHG037C

is specified for operation over the —25°C to +85°C
temperature range.

¢ _ ) features
ratio. It is packaged in a ® High input impedance 300 M2
® High CMRR 100 dB
® Single resistor gain adjust 1 to 1000
® Low power 250 mW
operation over the = Wide supply range 15V to £22V
®  Guard drive output

equivalent circuit and connection diagrams
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Order Number LH0037G or LH0O037CG
See Package H12B .
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OPYICAL
COUPLER
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Isolation Amplifier for Medical Telemetry
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T
absolute maximum ratings =3
Supply Voltage 22V Short Circuit Duration Continuous P
Ditferential Input Voitage +30V Operating Temperature Range :l
Input Voltage Range Vg LH0037 -55°C to +125°C -
Shield Drive Voltage Vg LH0037C ~25°C t0 +85°C - o
CMRR Preset Voltage Vg Storage Temperature Range —65°C to +150°C (=]
CMRR Trim Voltage Vg Lead Temperature (Soldering, 10 seconds) 300°C 8
Power Dissipation {Note 3) 1.5W ~J

. . o
electrical characteristics (Notes1and2)
LIMITS
PARAMETER CONDITIONS LHO0037 LH0037C UNITS
MIN TYe MAX MitN TYP MAX
Input Offset Voltage (Vo) Rg = 1.0k, T, =25°C 05 1.0 1.0 20 mV
Rg = 1.0kR2 2.0 3.0 mvV
Output Offset Voltage (Voog) R = 1.0k$2, T, =25°C 2.0 50 50 10 mV
Rg = 1.0 k§2 6.0 12 mv
Input Offset Voltage Rs < 1.0kQ 10 10 uv/°c
Tempeo (AV,ps/AT) )
Output Offset Voltage 15 15 uv/°c
Tempco (AVos/AT)
Overall Offset Referred to Ay =10 25 6.0 mv
input {Vpg) Ay =10 07 1.5 mVv
Ay = 100 052 1.05 mV
Ay = 1000 0.502 1.005 myV
tnput Bias Current {Ig) Ta =25°C 200 500 200 500 nA
1.5 08 HA
input Offset Current {log} Ta =25°C : 100 250 nA
200 250
Small Signat Bandwidth Ay =10, Ry =2k§2 350 350 kHz
Ay =10, Ry =2k§2 35 35 kHz
Ay =100, R =2k 35 3.5 kHz
Ay = 1000, R_ =2k 350 350 Hz
Full Power Bandwidth Vin =210V, R =2k§2 5.0 50 kHz
Ay =1
input Voltage Range Difterential +12 +12 \
Common Mode 12 12 \
Gain Nonlinearity 0.03 0.03 %
Deviation From Gain Ay =1 to 1000 0.3 1 +1.0 +3 %
Equation Formula
PSRR £5.0V < Vg < £15V, 1.0 25 1.0 5 mv/vV
Ay =10
.0V < Vg <16V, 0.05 0.25 0.10 0.2% mv/v
Ay = 100 :
CMRR Ay =10 OC to 1.0 25 25 5.0 mv/v
Ay =10 100 Hz 0.1 0.25 0.25 1.0 mV/vV
Ay =100 ARg = 1.0k 25 100 25 100 HVIV
Qutput Voltage
Ry =2k§2 10 13 10 13 v
QOutput Resistance 05 05 Q
Supply Current 45 84 45 8.4 mA
Slew Rate AV =210V, 05 0.5 Viuds
RL=2kQ, A, =10
Settling Time To+10mV, R =2k
AVgyur = 1.0V
Ay =10 38 38 us
Ay =100 180 180 HS
Note 1: Unless otherwise specified, all specifications apply for Vg = + 15V, pin 9 grounded, —25°C to +85°C for the LHO037C and —55°C to +125°C
for the LHO037. .
Note 2: All typicai values are for T = 25°C. .
Note 3: The maximum junction temperature is 1560°C. For operation at elevated temperature derate the G package on a thermal resistance of
90°C/W, above 25°C.
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LH0037/LH0037C

typical performance characteristics

Output Volitage Swing vs

Closed Loop Voltage Gain Frequency
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typical applications (con’t)
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National
Semiconductor

Amplifiers

LHOO038/LHO038C True Instrumentation Amplifier

General Description

The LHO038/LHO038C is a precision true instrumenta-
tion amplifier (TIA) capable of amplifying very low leve!
signals, such as thermocouple and low impedance strain
guage outputs. Precision thin fiim gain setting resistors
are included in the package to allow the user to set the
closed-loop gain from 100 to 2000. Since the resistors
are of a homogeneous single chip construction, they
track almost perfectly so that temperature variations of
closed loop gain are virtually eliminated.

LHO038 exhibits excellent CMRR, PSRR, gain linearity,
as well as extremely iow input offset voltage, offset

The devices are provided in a hermetically sealed 16-lead
DIP. The LH0038 is guaranteed from ~55°C to +125°C;
whereas the LHOO038C is guaranteed from —25°C to
+85°C.

Features

Ultralow offset voltage 25 uV typ., 100 uV max
Ultralow offset drift 0.25 uV/C max
Ultralow input noise 0.2 uVp-p

Pin strap gain options 100, 200, 400, 500, 1k, 2k

voltage drift and input noise voltage. ®  Excelient PSRR and CMRR 120dB
Simplified Schematic Diagram
2
%v‘
>
4 R7 RIT &
>
Sik we
1 3
<430
40 * 3 S 20k
<Re R12 G
S o0k mnk;. R20
W00k 15 gy ppyy
- SENSE
+ a2
1 1
GUARDO—W Al + OUTPUT
- 21
+INPUT g e
12 AAA
3 03 A3 VW WO o st
~INPUT o1 02
+
D1 Re Rt0 02 AlG
5.263k §.263k 108k
AAA A AAA
W VWA . W
R17
10 100%
E-O— AN
A4 R3 R2 Rt
3333 8.803K 585 526 I 1008
5 & 7 8 6! 14
X115 xn X1000 X2000 [ —) V™
. .
Connection Diagram
Dual-tn-Line Package
1 U 16
Vour — f=— GROUND SENSE
v - LS. GutpuT sense
{_3. A v
OFFSET ADJUST
i L vy input
R175—5 12 NON. INV. INPUT
n200-2 1L GuanD, case*
RIWI‘I—7- i [
R2000 -4 B
Order Number

TOP VIEW

LH0038D or LH0O038CD

* N
Guard output is connected to the case.
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L.H0038/LH0038C

Absolute Maximum Ratings

Supply Voltage
Differential Input Voltage (Note 1)
Input Voltage
Power Dissipation (See Curve)
Short Circuit Duration
Operating Temperature Range
LHO0038
LHO038C
Storage Temperature

+18V

1V

Vg

500 mwW
Continuous

—55°C to +125°C
~25°C to +86°C
~65°C to +150°C

Lead Temperature (Soldering, 20 seconds} 300°C
DC Electrical Characteristics (Note 2)
LH0038 LH0038C
PARAMETER CONDITIONS UNITS
MIN TYP | MAX [MIN | TYP | MAX
Vios Input Offset Voltage Ta=26°C 25 100 30 150 v
125 220 #
AV0s/AT  Input Offset Voltage 0.1 0.25 0.2 » 1.0 uv/c
Tempco Rg = 500
Voos Output Offset Voltage | VCM = OV Ta=25°C 3 10 5 25 v
m
15 30
AVQOS/AT Output Offset Voltage 25 25 uv/ce
Tempco
B Input Bias Current Ta=25°C 50 100 50 100
200 200
o nA
los Input Offset Current TA=25C 2 5 7 10
8 15
vVem = 0V ~
AIB/AT Input Bias Current 500 500 pA/ C
Tempco
AycL Closed Loop Gain Gain Pins Jumpered
None 100 100
6—10 200 200
6-9, 10-5 400 400 VIV
6—10, 59 500 500
7-10 1000 1000
8-10 2000 2000 4
Closed Loop Gain Aycl = 100, 200 0.1 0.3 0.1 0.4
Error AycL = 400, 500 0.2 0.3 0.2 0.6 %
Aycy = 1000 0.3 0.5 0.5 1.0
AycL = 2000 10 20 15 | 30
Gain Temperature AycL = 1k 7 7 ppm/°C
Coefficient
Gain Nonlinearity 100 < AycL <2k 1 1 ppm
VINCM Common-Mode Input 10 |12 +10 [¥12
Voltage Range
vo Output Voltage RL> 10kQ2 £10 |12 10 [£12 v
Vg Supply Voltage Range 5 18 |5 18
Guard Voltage Error  |-10V <Vgpm < +10V +10 +100 +10 +100 mV




DC Electrical Characteristics (Note 2) (Continued)

O8E00H1/8E00HT

LH0038 LH0038C
PARAMETER CONDITIONS UNITS
MIN TYP | MAX|MIN | TYP| MAX
CMRR Common-Mode ViN = £10V AycL = 100 94 110 86 110
Rejection Ratio AygcL = 1000] 114 | 120 106 | 110
dB
PSRR Power Supply BV <AVg < #15V | Ayl = 100 94 110 94 110
Rejection Ratio AygL = 1000 110 120 100 | 110
losc Output Short Ta=25"C +2 +5 +10 {12 [+5 10
Circuit Current
- mA
I Supply Current Ta =25°C 1.6 2.0 1.6 3.0
RiN DIFF  input Resistance AycL = 1000, Ta = 25°C 5 5 MQ
RiN CM Common-Mode Input 1 1 GQ
Resistance
RouT CGutput Resistance 1 1 mQ
AC Electrical Characteristics vg-=:15v, 75 = 25°C
PARAMETER COMMENT CONDITIONS TYP UNITS
en  Equivalent tnput Noise Voltage Figure 1 Rg=0,f=0.1to 10 Hz 0.2 uVp-p
en  Equivalent Input Spot Noise Figure 1 Rg = 100Q2 f=10Hz 6.5
Voltage f=100Hz 6.0 —
nVi/'Hz
f=1kHz 60
f=10kHz 6.0
BW  Large Signal Bandwidth VouT = 10V 1.6 kHz
Sy Slew Rate VouT = #10Vv 0.3 Vius
tg Settling Time to 0.01% Figure 13 20V Step 120
-10V Step 80 s
+10V Step 60
ty Rise Time AVoyT = 100 mV | Ay = 100 6
AvcL - 1000 13 He
in  Equivalent input Spot ‘Rg = 100 MQ f=10Hz 0.1 pA~/Hz
Noise Current

Note 1: The inputs are protected by diodes for overvoltage protection. Excessive currents will flow for differential voltages in excess of +1V,
input current should be limited to less than 10 mA.
Note 2: Unless otherwise noted these specifications apply for Vg = +15.0V, pin 15 connected to pin 1, pin 16 connected to ground, over the
temperature range -55°C to +1256°C for the LHOO38 and -25°C to +85°C for 1. H0038C,
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LH0038/LH0038C

Typical Performance Characteristics

Power Dissipation

Input Bias Current

226 10
1 Vg = +15V
20 Lcas 100 -
= N =z
£ T o —_—
= - -1
S 150 — = w0
= AMBIENT Uyc = 67°C/W &
< 125 t €
z ul s
2 100 @ 60
H 2 5 Tp=25°C | et
075
E 2ya = 100-C/W 5 -1
2 050 g 4 t
= Tp = 125°C J
0.25 0 /!A/r
-
0 20
0 25 50 75 100 125 150 -5 -0 -5 0 5 10 1§
TEMPERATURE {°C) COMMON-MODE INPUT VOLTAGE (V)
Closed Loop Frequency
Response Common-Mode Rejection
A < ] I I
avey v | g
£ e 120 "
8 > N
2 < 0 M
S 2 Aygl = 108N
= ; 80 Fviy= 11V
8 &
pacd x 60 HH
= w
2 2
& 2 w0 HH
E z n
E 2 H
g Aygy = Tk Viy = 210V
0 PRI (=] 0 BRIV TN W ARTT T
100 1k 10k 100K ™ 10 100 1% 10K 100k

INPUT NOISE VOLTAGE {nVA/Hz)

FREQUENCY (Hz)

Input Noise Voltage
{Includes Source Impedance)

FREQUENCY (Hz)

FREQUENCY (Hz)

Output Swing

15
Vg = 115V Vg = 115V
I Rg = 100 N
Ta=25C _ ‘
7 + z
= 1
g
: L EIA TN B
c ! " . v
g 5 2 &
5 s STt +Yt =1
a2
| Ll 0
10 100 1% 10k 100k [ H 4 6 8

OUTPUT CURRENT (tmA)

Wide Band Noise Pulse Response

Vg = £16V, Rg = k2, Ay = 10k, DUT = 1k Vg =16V
Vertical sensitivity: 0.1 uV/CM R > 10kQ
Horizontal sensitivity: 5 sec/CM AycL = 1k

Bandwidth: 0.1 Hz to 10 Hz

POWER SUPPLY REJECTION RATIO (dB) INPUT BIAS CURRENT {nA}

SUPPLY CURRENT (mA)

Input Bias Current

120 —r— ™

| -vem=0v +—t
10 Ty = -85 L
80
60 Tp=25C
40 ] v
20

bet—T7, - 125°C_|
o L
] 5 10 15 20

SUPPLY VOLTAGE {+Vpg)

Power Supply Rejection

180
Ayel = 1k
120 AVg: 2V
100
80
1 HIT
Vg = 115V
60 Fyp-257C
40
i
I
20 —
Aygy = 1k, AVg = 20V
i
10 100 1% 10k 100k

FREQUENCY (Hz)

Supply Current
18

1.75
1.50

1.25

0 5 10 15 20
SUPPLY VOLTAGE {=V}

Rise Time

Vg = x16V
R > 10kQ
Aygr = 1k
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Noise Test Circuit

X 1k

TEKTRONIX 7623

LH0038
{ouT)

1A22

-0

0.1T0 104z

1]

QUAN-TECH
MODEL 2181

FIGURE 1.

Typical Application

LHO0070
10.00V REFERENCE

0.1 uF
2,7\ 1

15v

I I 10.00v
3

1}

-15v -

FIGURE 2. X1000 Bridge Amplifier

Applications Information
THEORY OF OPERATION

The LHOO38 is a 3-stage, true instrumentation amplifier
composed .of a well matched transistor differential pair,
Q1 and Q2, acommon-mode loop amplifier, A2 and A3,
and a differential to single ended amplifier, Ad. A simpli-
fied schematic is shown in Figure 3.

Current source, |, establishes a voltage across R14 of
approximately 2V, which results in a 2V drop across R8
and R12. This constant voltage forces the first stage

current to be 20 uA per side. The action of A2 and A3
is such that 20 pA is maintained constant despite the
presence of common-mode signals. The differential out-
puts of A2 and A3 are applied to differential amplifier,
A4, which converts the signal to a single-ended output
and provides a gain of 5. The total gain of the amplifier
is, therefore, the fixed gain of 5 multiplied by the gain
of the composite input stage.

3-19
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LH0038/LH0038C

Applications Information (continued)

v+

A8 R12 R14
100k 100k < 20k . Az0

v R16
100k
MV
A AAY
R17
= +INPUT 100k
FIGURE 3. LH0038 Simplified Schematic
The closed ioop gain of the composite amplifier may be For 14 = 19, R17 = R16, Vg1 = VBE2. subtracting
better understood by referring to Figure 3. The Q1—-A2 equation (1) from {2) results in:
loop may be vievred as differential amplifier with the
inverting input at the base and non-inverting input at R16 + R
the emitter. Combining small signal AC and large signal v2-vl=(e2 —el) __E
DC analysis = E
(3)
R17 +R R17
vl =el -——E —e2| — R16
Rg RE +{e2—-el) | —
(1) E
+E -V - 11R17 v2-vt 2ZR16
CcM BE1 ™ 1 _ + 1 )

e2—el  Rg
By similar analysis:

R16 + RE R16
v2=e2{ ——— ] el —
RE Rg

(2)

+Ecm ~ VBE2 — 12R16
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Applications Information (continued)

The differential input voltage (v2 — v1) is amplified by
the closed loop gain of A4:

eQUT = (AycL4) (e2 —el) (5)
where:
A R20
VCL4 R
= 5.00
R16
AycL=5 +1 (6)

As an example, with all gain pins open, R = 10.526 k2,
and:

A _5((2) (100k) 1) ;
ver 10.526k "

= 100.0

~15V

OFFSET
ADJUST

Al other closed loop gain configurations place a precision
resistor in parallel with Rg(R9 + R10). For example, for
a gain of 200, pin 6 is connected to pin 10 and the gain
is predicted by:

1] ®

(2) (100k)

A =50 ————
veL (10.526k} |1 (10.000k}

= (6.00) (40} = 200

CLOSED LOOP GAIN CONSIDERATIONS
USING INTERNAL RESISTORS

Table | summarizes the primary gain configurations
avaiiable with the LH0038. Obviqus'y, other gains are
possible. Using the internally supplied resistors has the
advantage that R16, R17, and Rg all track thermally,
minimizing the device’s gain error as a function of
temperature.

Gain adjustment by paralieling or series padding inter-
nally supplied resistors is generally discouraged since
external resistors will generally not thermally track. It
is recommended that the gain adjustment be done in a
subsequent stage as shown in Figure 4.

R1
— =1 10.05%
R2

FIGURE 4. Recommended Gain Adjust Circuit

TABLE I. LHO038 INTERNAL GAIN CONFIGURATIONS

OVERALL FIRST STAGE EFFECTIVE
GAIN GAIN PIN CONNECTIONS RE
100 20 All Gain Pins Open 10.5260 k$2
200 40 Pin 6 to Pin 10 5.1281 k€2
400 80 Pin 6 to Pin 9, Pin 10 to Pin § 25316 k2
500 100 Pink6 to Pin 10, Pin 9 to Pin 5 2.0202 k2
1000 200 Pin 7 to Pin 10 1.0050 k2
2000 400 Pin 8 to Pin 10 0.5013 k2

H O8E00H1/8€00H



LHO0038/LH0038C

Applications Information (continued)
GUARD DRIVE

The LHO038 is provided with a guard drive output,
which will always be at the input common-mode voltage.
The guard drive amplifier is short-circuit proof and is
capable of driving several thousand pF without danger
of latch-up or oscillation.

The guard drive tied to a shielded input cable will greatly
reduce noise pick-up, and also improve AC CMRR by
maintaining the shield at the common-mode voitage.
Figure 5 illustrates the proper use of the guard drive.

The guard drive output is also connected to the case to
provide electrostatic shielding to the system,

REMOTE OUTPUT SENSE

The feedback network of the LH0038 may be closed
directly at the load in order to eliminate errors due to
lead resistance. Also, a unity gain buffer; e.g. LHO002,
may be included within the feedback loop to increase
output current capability as shown in Figure 7.

SIGNAL
SOURCE

v wam—— ——
e —

15V
O

OUTPUT SENSE

FIGURE 5. Guard Drive Application

1 OUTPUT FORCE

RL

Vout

GND SENSE

GND FORCE

FIGURE 6. Remote Sense Connection

15V

SENSE

15V
3N\2
7
EIN E LHO0038
12
+
14
= —15v

Vour

IgyT =100 mA

GND SENSE

GND FORCE

FIGURE 7. Output Buffer Connection
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Applications Information (continueq)
OFFSET NULL

Offset of the LHOO038 is trimmed by the factory to a
very low value. The offset may be further trimmed using
a 10 k£, 10 turn, 100 ppm/°C potentiometer as shown
in Figure 8. However, a drift increase of 0.3 uV/°C will
be caused for each 100 uV of offset adjusted. The
recommended offset null is shown in Figure 4 and is
accomplished in the following stage.

BIAS CURRENT CONSIDERATIONS

The LHOO038 exhibits bias current of approximately 50
nA per side, and requires a path to ground or supply.
The practical limitation to the maximum resistance
between the inputs and ground is dictated by negative
common-mode range as shown in Figure 9. For example,
for Vem = —10V, Rem < 20 MQ.

FIGURE 8. Offset Adjust Circuit
(See also Figure 4)

15V

The LHO038 input stage bias was optimized for minimum
voltage noise so the input bias currents are higher than
might otherwise be expected. Note, however, that the
input currents are very well matched, resulting in an
offset current value much lower than one might infer
from the bias current. In order to take advantage of this
low offset current, the source impedances at both
inputs should be matched to minimize DC drift. Further,
bias current is refatively constant with temperature (as
opposed to an FET stage), so one can consider bias
current compensation schemes such as shown in Figure
70. The danger with such techniques is that the offset
current and noise contributed by the bias current com-
pensator will dominate the system noise.

15V
13] {2
15
181
LHOD3E —QVour
12 16
-I—-. * 14
82 - v -V
e Rem < cMR [0
<Rem -15v = Ig1 + gy
JL where:
—Vem VMR = Common-Mode Range = t12V
I Vem = Common-Mode Input Voltage
= . g1 + |g2 = Bias Current = 100 nA

FIGURE 9. Bias Current Return

LM134
CURRENT
SOURCE

Sani

I
N\

AA

vV
680

<
N$1§ 6.8k

Y ~200 uA

INPUT

>
<
> 10k
T
‘L 10k
<D
>
< lgias
<
15y
13 2
15
11 1
— ko038 Vour
12 16
+
1 =
-18v

FIGURE 10. Bias Current Compensation
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LH0038/LH0038C

Applications Information (continued)
SETTLING TIME

The LHO038 has been purposely over-compensated, and
is therefore remarkably free from any undesirable tran-
sient response. Small signal settling time is governed by
gain-bandwidth product; large signal settling time is
dominated by slew rate.

Figure 11 shows an input voltage step of +10V to ~10V
applied, through a 1000 to 1 voltage divider, to the
device configured for an inverting gain of 1000. The
output of the device will therefore be equal to the
negative of the input after the device is completely
settled. By resistively subtracting the input before the
divider from the device output, a pseudo summing node
is generated. The voltage at this pseudo summing junc-
tion goes ‘‘off screen’” on the photos, since in the first
small time increment the input goes instantaneously to
—10 mV and the output is still at +10V. About 130 us
after the input has gone negative, the output slews back
in range and begins an exponential approach to the
final value. Figure 12 is the same set-up for a —~10V
to +10V input pulse. Note that there is no overshoot
in either case. The test circuit is shown in Figure 13.

HIGH FREQUENCY CMRR

The LHOO38 resistor ratios are carefully trimmed for
optimum CMRR at DC through 60 Hz. Inevitably, this
rejection will degrade at higher frequencies due to 2
separate effects: stray capacitance mismatch and slew
rate limiting in the input stage. In most discrete instru-

PSEUDD
- SUMMING
JUNCTION

Vin

15, Ay = 100, VN = —20V
FIGURE 11. Settling Time

10k 1 10k
0.1% 107 0.1%
AA AAA AAA
VWA WA VA
} % PSEUDO
15V oUTPUT
100k 5
(PUT 2 PR 131
20Vpp vV 7 5
um:. LH0038 1
0I% Y 101  (oum)
16
12
+
W L
—15V

FIGURE 13. Settling Time Test Circuit

s
p
] [~ vo=0 I v = +10V
JUNCTION 5 1TV oy 1o -1ov -
22 =
w 1T T T H
s it %
E: — vp=011] Vg =-10v]
E8 g4 b—TO10V TO+10V
-
F L o e
z vg= 15 T AT LIk
100 < Aycy 1A
0.01

mentation amplifier realizations, the stray capacitance
mismatch dominates simply because the stray capac-
itances are relatively large (this can be trimmed out in a
discrete amplifier). In a hybrid circuit such as the
LHO0038, stray capacitance is minimized, so the effects
of mismatch are also minimized.

The response to a pulse or noise spike applied as a
common-mode signal may be dominated by the slew
characteristics of the input stage. Whenever the common-
mode input slew rate exceeds 0.2 V/us, the 2 input
amplifiers will apply identical ramp signals to the final
stage and cause its output to go to near OV. Note that
the amplifier is not really active under these conditions
as normal mode signal variations will not be coupled to
the output. Some time may be required for the amplifier
to settle after a transient of this kind before the output
can be considered representative of the input. Slew rate
limiting will not normally be the limiting factor for sine
wave common-mode signals as 0.2 V/us corresponds to
about 2 kHz (20 Vp-p).

POWER SUPPLY DECOUPLING

Although the LHO0038 exhibits in excess of 120 dB
PSRR at DC, the figure degrades to 100 dB at 120 Hz.
It is recommended that both V' and V™ leads be by-
passed with 1 pF electrolytic in shunt with 0.01 uF
ceramic disc no further than 1 inch from the device.

——SUMMING
JUNCTION

ts, Ay = 100, Vp = 20V
FIGURE 12. Settling Time

0 20 40 60 80 100 1206 140 160
TIME {us}

FIGURE 14. Settling Time




Definition of Terms

Bandwidth: That frequency at which the voltage gain is
reduced to 3 dB below the low frequency value.

Common-Mode Rejection Ratio, CMRR: The ratio of
the input common-mode voltage range to the peak-to-
peak change in input offset voltage over this range.

Input Offset Voltage, V|0g: The voltage which must be
applied to the inputs to force the outputs of the input
stage to OV. V|Qg can be calculated by measuring VO3
at closed loop gains of 100 and 2000 and using the
following equation:

_(Vos) 2k — (Vps) 100

vios 1900

Where:

(Vos)2k = overall offset voltage for AycL = 2k.
(V0s)100 = overall offset voltage for AycL = 100.

Gain Non-Linearity: The deviation of the gain from a
straight line drawn through the end points expressed as
a percent of full-scale (10V for operations on +15V
supply). Note that this is a more stringent specification
than deviation from the best straight line and is double
the number that would be specified if the percentage
were based on a 20V (£10V) range.

Guard Voltage Error: The voltage difference between
the guard drive output and the average of the 2 input
voltages.

Input Bias Current, Ig: The average of the 2 input
currents, '

Input Common-Mode Voltage Range, VINCM: The range
of voltages on the input terminals for which the ampli-
fier is operational, Note that the specifications are not
guaranteed over the full common-mode voltage range
unless specifically stated.

Input Offset Current, 1gg: The difference in the currents
into the 2 input terminals when the output is at zero.

Input Resistance: The ratio of the change in input
voltage to the change in input current on either input
with the other grounded.

Overall Offset Voltage, Vos: The output voitage when
both inputs are connected to OV. Vs is composed of
input amplifier offset voltage effects, V|Qg, and output
amplifier effects, Voos. It is given by:

Vos = (AvcL) (Vios) - Voos
Where:
Ayl = closed loop gain = 100 to 2k

V10s = input stage offset voltage
VQOS = output stage offset voltage

Output Offset Voltage, VOs: The output voltage when
the outputs of the input stage are forced to OV. Vogg
may be calculated by measuring Vg at closed loop gains
of 100 and 2000 and using the following equation:

Voos = (20) (Vps) 100 — (Vos) 2k
19

Where:

(Vos) 100 = overall offset voltage for Ay = 100
(VOg) 2k = overall offset voltage for Ay

Output Voltage, Vo: The peak output voltage swing,
referred to zero.

Offset Voltage Temperature Drift, AV)gs/AT: The
average drift rate of offset voltage for a thermal variation
from room temperature to the indicated temperature
extreme.

Power Supply- Rejection Ratio, PSRR: The ratio of the
change in input offset voltage to the change in power
supply voltages producing it.

Settling Times, ts: The time between the initiation of the
input step function and the time when the output voltage
has settled to within a specified error band of the final
output voltage.

Slew Rate, S;: The internally-limited rate of change in
output voltage with a large-amplitude step function ap-
plied to the input.

Supply Current, lg: The current required from the
power supply to operate the amplifier with no load and
the output midway between the supplies.

Supply Voltage Range: The range of voltages on the
supply terminals for which the device is operational.
Note that the specifications are not guaranteed over the
full supply voltage range unless specifically stated.

Transient Response, t,: The closed-loop step-function
response of the amplifier under small-signal conditions.

Unity Gain Bandwidth: The frequency range from DC
to the frequency where the amplifier open loop gain
rolls off to 1.

Closed Loop Gain, AycL: The ratio of output voltage to
input voltage under the stated conditions of source
resistance (Rg) and load resistance (R ).

Voltage Gain' Error: The deviation in percent between
the ideal voltage gain and the value obtained when the
device is configured for that gain.
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LHO0084/LH0084C

National
Semiconductor

LHO084/LH0084C Digitally Programmable
Gain Instrumentation Amplifier

General Description

The LH0084/LH0084C is a self-contained, high pseed,
high accuracy, digitally programmable gain instrumen-
tation amplifier. It consists of a FET input, variable gain
voltage follower input stage followed by a differential
output stage. The input stage is programmable to
accurate gain steps of 1, 2, 5, or 10 controlled by the
logic levels of a 2-bit TTL-compatible digital input word.
Eor additional flexibility, the output stage is pin-
strappable to fixed gains of 1, 4, or 10 for an overail gain
range of 1 to 100.

Applications include increased dynamic range A-to-D
converters, test systems, and post multipiexer amplifier
for data acquisition systems where its short settling time
speeds channel §ampling.

The device exhibits high input impedance, low offset
voltage, high CMRR and PSRR, high speed, and excel-
lent gain accuracy and gain non-linearity.

Amplifiers
»’PQ'
7/
",
4
®)

The LHO084 is guaranteed for operation from -55°C to
+125°C, whereas the LHO00B4C is guaranteed from
_25°C to +85°C. Both devices are provided in a hermeti-
cally sealed 16-lead dual-in-line metal package.

Features
» Excellent gain accuracy and

gain non-linearity 0.002% typ
= Extremely low gain drift 1ppm/°C
= High input impedance 102 typ
« High CMRR and PSRR 76 dB min
s TTL-compatible digital inputs
= High speed, settling to 0.1% 5 us max

. . . v+
Simplified Schematic
VIN- 3
At
>
< v
> L Vour
b3 (SEND)
S
€
>
na
"2
10
A4 vaut
SWITCH Al © (roRCE)
15 NETWORK
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16 R11 1
Lo VW =061
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>
2R
>
1
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R7 RY —0Gs - BN
3 GND
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DIGITAL
GND O]
R1S
- 11
3 A2 610
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50204
Vos V- Vos
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National
Semiconductor

BI-FET Technology

LF152/LF252/LF352 FET Input Instrumentation Amplifier

general description

The LF162 series is the first monolithic JFET input
instrumentation amplifier. The well-matched high voltage
JFET input devices provide very high input impedance
and extremely low bias currents, making the LF152
ideal in applications where high source impedances
are encountered.

The LF152 very accurately amplifies a differential
input signal and rejects common-mode signal and noise.
It is not an op amp, but operates with an internal
closed loop gain connection which allows good linearity
with no external feedback. The LF152 eliminates the
need for extremely precise resistor matching to obtain
high common-mode rejection {CMR) and provides high
input impedance as compared to the use of conventional
op amps connected as a difference amplifier.

The LF152 utilizes internal differential current feedback
eliminating the need for precision external feedback
components. The amplifier gain can be easily adjusted
from 1 to 1000 by changing the value of a single resis-
tor. The transfer function for the LF152 is highly

accurate because it has a very low initial gain error and
non-linearity. The bandwidth and slew rate are externally
controlled and the sense input and device output are
pinned out separately for added versatility.

features

= JFET inputs

& High input impedance 2x 10120

®m  Low bias currents 3 pA

® | ow noise currents 0.01 pA rms

® Low gain nontinearity 0.02%

® High common-mode rejection ratio 110 dB min
(G =100)

® Single resistor gain adjust

® External compensation for extended gain and

frequency ranges
® Both input and output offset adjust capability to
allow a change of gain without rezeroing

B | ow supply current 1 mA

connection diagram )
ot
ULt

Vin  Rg  SENSE

l|s 0 14 3

Rs

Dual-In-Line Package

COMP Vg v

12 1 10 9

Order Number LF152D, LF252D
or LF352D
See NS Package D16C

1 7 3 4

oUTPUT Wiy Rg
OFFSET
NULL

Yogs
BIAS

simplified schematic

Vg sEnsE

<

FIGURE 1

3 7 8

Ry coMe g

typical circuit

FIGURE 2
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LF152/LF252/L.F352

absolute maximum ratings

LF152 LF252 LF352
Supply Voltage +22V +18V 18V
Differential Input Voltage +44V +36V +36V
Input Voltage Range 22V +18V +18V
QOutput Short Circuit Duration Continuous Continuous Continuous
Power Dissipation and Thermal Resistance
(Note 1)
Cavity DIP (D} Pp (25°C) 900 mW 900 mwW 900 mW
9in 100°C/W 100°C/W 100°C/W
Maximum Junction Temperature +150°C +110°C +100°C
Operating Temperature Range B5°C < TA< #126°C  -25°C < TA<+85°C 0°C < Ta < +70°C
Storage Temperature Range —65°C < TA<+150°C  —65°C < TA < +150°C —-65°C < Ta < +150°C
Lead Temperature {Soldering, 60 seconds) 300°C 300°C 300°C
dc electrical characteristics (Notes2and 3)
LF152 LF252/LF352
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
GR Gamn Range Rc = 16082, C¢ = 0.002uF 1 1000 1 1000
G Gain Equation G = Rg/Rg
Gg Error From Gan Equation Ta=25C G=1-100, R = 10k 0.05 0.1 0.05 0.2 %
GNL Gain Noniine