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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein: ‘

1. Life sdppon devices or systems are devices or systems 2. A critical component is any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and whose failure to sonably expected to cause the failure of the life support
perform, when properly used in accordance with in- device or system, or to affect its safety or effectiveness.

structions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

RETS and BIFET are trademarks of National Semiconductor Corporation
Touch Tone is a registered trademark of AT&T Company
Amphenol Is a trademark of Bunker Ramo Corporation

National does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and National reserves the right, at any time without notice, to change said circuitry.
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Section 1. Operational Amplifiers

Input
Input | Offset | Input Input Slew
Offset | Voltage | Offset Blas Voltage | Bandwidth | Rate
Voltage | Drift | Current | Current Gain Ay=1 Ay=1| Output Supply Voltage Tomperature Renge
Max. Typ. Max. Max. Min. Typ. Typ. | Currentj Min. Max. —55°C to| —25°Cto | 0°Cto | Page
Features mV) | WVI°C) | (A) (nA) | (Volts/mV)| (MHz) | (Vius) | (mA) (Y] () 125°C 85°C 70°C No.
Wideband 3.0 4.0 200 2000 15 30 30 +100 | 5.0 +20 LHO0003 | LH0003C 1-4
High 1.0 4.0 20 100 30 1.0 0.25 +15 +5.0 +45 LHO004 1-6
Voltage 15 4.0 45 120 . 1.0 025 +15 +5.0 +45 LH0004C 1-6
Wideband 3.0 10 50 25 4.0 30(1) 20(1) +50 +9.0 +20 LHO005A 1-9
10 - 20 20 50 20 30(1) 20(1) +50 +9.0 +20 LHO005 1-9
10 25 25 100 20 30(1) 20(1) +50 +9.0 +20 LH0005C 1-12
High 25 10 50 250 100 1.0 0.25 +40 +5.0 +22 LH0020 1-14
Galn 6.0 10 200 500 50 1.0 0.25 +40 +5.0 *22 LH0020C 1-14
Medium '
Power
High 3.0 3.0 100 300 100 1.0 3.0 | +1000| +5.0 +18 LHO0021 1-16
Power 6.0 5.0 200 500 100 1.0 3.0 +1000 | 5.0 +18 LH0021C 1-16
3.0 3.0 100 300 100 1.0 3.0 +200 +5.0 +18 LHO0041 1-16
6.0 5.0 200 500 100 1.0 3.0 +200 5.0 +18 LH0041C 1-16
4.0 5.0 100 300 50 15 70 +500 +5.0 +18 LHO061 1-56
10 5.0 200 500 25 15 70 +500 +5.0 +18 LH0061C 1-56
10 10 0.25 1.0 50 5.0 10 +2000 | +5.0 +22 LHO0101 1-65
10 10 0.25 1.0 50 5.0 10 | +2000 | 5.0 +22 LH0101C 1-65
3.0 5.0 0.075 0.3 50 5.0 10 | +2000 | 5.0 +22 LHO101A 1-65
3.0 5.0 0.075 0.3 50 5.0 10 | +2000 [ 5.0 22 LHO101AC 1-65
General 4.0 5.0 0.002 0.01 100 1.0 3.0 +10 5.0 +22 LH0022 1-23
Purpose 6.0 5.0 0.005 0.025 75 1.0 3.0 +10 +5.0 122 LH0022C 1-23
FET Input 20 5.0 0.005 0.025 . 50 1.0 3.0 +10 +5.0 +22 LHO0042 1-23
20 10 0.01 0.05 25 1.0 3.0 +10 5.0 +22 LH0042C 1-23
0.5 20 0.0005 | 0.0025 100 1.0 3.0 +10 5.0 +22 LH0052 1-23
1.0 5.0 0.001 0.005 75 1.0 3.0 +10 +5.0 +22 LH0052C 1-23
Wideband 4.0 20 5000 30000 40 50 500 +10 +9.0 =18 LH0024 1-30
High 8.0 25 15000 | 40000 3.0 50 400 +10 +9.0 +18 LH0024C 1-30
Slew
Rate
Wideband 5.0 25 0.025 0.1 1.0 70 500 +10 +5.0 +18 LH0032 1-33
FET input 15 25 0.05 0.2 1.0 70 500 +10 5.0 +18 LH0032C 1-33
Precislon 0.05 0.2 5.0 30 500 0.4 006 | =+1.3 +3.0 +20 LH0044 1-39
FET input 0.1 0.2 5.0 30 500 04 008 | =13 +3.0 +20 LH0044C 1-39
0.025 0.1 25 15 1000 04 006 | %13 +3.0 +20 LHO044A 1-39
0.025 0.1 25 15 1000 0.4 006 | =13 +3.0 +20 LHO044AC 1-39
0.05 0.2 5.0 30 500 0.4 0.08 +1.3 x3.0 +20 LH0044B 1-39
Medium 5.0 5.0 0.002 0.01 50 15 70 +6.0 +5.0 +20 LHO0062 1-59
Speed 15 10 0.005 0.065 25 15 70 +6.0 +5.0 +20 LH0062C 1-59
FET Input
Dual 0.3 1.0 0.010 0.050 250 0.8 03 +15 +2.5 +20 LH2011 1-78
Precision 0.6 20 0.010 0.100 250 0.8 03 +15 25 +20 LH2011B 1-78
1.0 3.0 0.025 | 0.180 90 0.8 0.3 +15 +25 +20 LH2011C 1-78
20 15 10 75 50 1.0 0.5 5.0 +3.0 +22 LH2101A 1-91
2.0 15 ‘10 75 50 1.0 05 +5.0 +3.0 +22 LH2201A 1-91
75 30 50 250 25 1.0 0.5 +5.0 +3.0 +22 LH2301A [ 1-91
0.5 5.0 0.2 20 80 1.0 0.3 +1.0 2.0 +20 LH2108A 1-93
0.5 5.0 0.2 20 80 1.0 0.3 +1.0 +2.0 +20 LH2208A 1-93
0.5 5.0 1.0 70 80 1.0 0.3 +1.0 +2.0 +20 LH2308A | 1-93
20 15 0.2 20 50 1.0 0.3 +1.0 | £20 +20 LH2108 1-93
20 15 0.2 20 50 1.0 0.3 +1.0 +2.0 +20 LH2208 1-93
75 30 1.0 7.0 50 1.0 0.3 +1.0 +2.0 +20 LH2308A | 1-93
Dual Low 3.0 —_ 5.0 15 100 0.25 0.16 | £0.75 +1.0 +18 LH2250 | LH2250C 1-95
Power 6.0 -—_ 10 30 75 0.25 0.16 | +0.75 +1.0 +18 LH24250 {LH24250C 1-95
Note: For on Ithi {iflers, consult the Linear Databook

Note 1: Specified for Ay = —1g
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LHO0003/LH0003C

National
Semiconductor

Amplifiers

LH0003/LH0003C Wide Bandwidth Operational

Amplifier

General Description

The LHO003/LH0003C is a general purpose opera-
tional amplifier which features: slewing rate up to
70 volts/usec, a gain bandwidth of up to 30 MHz,
and high oUtput currents. Other features are:

u Very low offsetbvoltage Typically 0.4 mV

® Large output swing » > +10V into 1002
load

= High CMRR Typically > 90 dB

® Good large signal 50 kHz to 400 kHz de-

frequency response pending on compensa-
tion

The LHO003 is specified for operation over the
-55°C to +125°C military temperature range. The
LHO003C is specified for operation over the 0°C
to +85°C temperature range.

Schematic and Connection Diagrams

vb
R?
®
a8 09
8
ouTPUT
Koo
1
cLAMP
. AND
COMPENSATION
as
SRS
b X3
3
v
N . -
Typical Applications
High Slew Rate Unity Gain Inverting Amplifier
P OUTPUT
vx:E
l—lv'ov—mwl

*Previously called NHO003/NH0003C

TOP VIEW

Order Number LHO003H or LH0003CH
See Package H10B

C C,y Slew Rate Full Qutput Frequency
Circunt Gain | oF of Ry > 20002, Viusec R, 2002 Voyr 10V
EX [ 0 70 400
210 5 0 30 350 (
B 15 30 15 250 kHz
= 2 50 50 5 100 ‘
= %0 %0 ? 50

Typical Compensation

Unity Gain Follower

INPUY

1-4




Absolute Maximum Ratings

Supply Voltage 120V
Power Dissipation See curve
Differential Input Voltage E¥AY
Input Voltage Equal to supply
Load Current 120 mA
Operating Temperature Range LH0003 -55°C to +125°C
LH0003C 0°C to+85°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C
Electrical Characteristics (Notes1&2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
(nput Offset Voltage Rg <1009 04 3.0 mv
Input Offset Current 0.02 0.2 LA
Input Bias Current 0.4 2.0 HA
Supply Current Vg - 220V 1.2 3 mA
Voltage Gain R_ = 100k, Vg = 15V, Vot = 10V 20 70 Vimv
Voltage Gain Ry =2k, Vg = 15V, Vg1 = 10V 15 40 V/mv
Output Voitage Swing Vg = $15, R = 10082 *10 £12 \
Input Resistance . 100 k§2
Average Temperature . '
Coetficient of Otfset Rg < 10002 4 uv/r'c
Voltage
Average Temperature
Coefficient of Bias 8 nASC
Current
CMRR Rg < 10082, Vg = £V, Vg 10V 70 90 dB
PSRR Rg < 10082, Vg = 15V, AV - 5V to 20V 70 90 d8
Equ"{filent Input Rg = -100L, f = 10 kHz to 100 kHz 18 aVrms
Noise Voltage Vs = £15V dc

Note 1. These specifications apply for Pin 7 grounded, for 15V < Vg < #20V, with capacitor
Cy =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 txpgyeNT = 25°C unless otherwise specified.

v

Typical Performance

Maximum Power Dissipation . Large Signal Frequency Response Open Loop Frequency Response
1000 16 T
L T o LI W RN ] Vo e1iv
CASE I 4‘ V=115V sl 1225 |
£ 800 Ry = 100k A
3 TN i s 2|+ - t4=25C H = 00 g |
= - [ ot | R, = 2000 = | N c1-0
S 600 I - e 10 [— o= = 80 [Ry=2000 \“
= i 4 | =4 : c2=0
< | H l 15pF 1 o \
& H N . g 8 Ic2= i w 60
3 T i 4 [ 1c2= " e & I N
2 400 1 f t 5 30pr L HINC g w €1+ 90 pF N
s L . . 5 1IN C2=0 2 C2= 90 pF
] 1 ! \ 1 S 4 [C1=90pF >
g w t T’ - 2 - 00 pF
. } ; 2 ]
0 - Lil! o LU NI N
H) % 100 125 10¢ 108 106 107 10° 10" 107 10° 10% 105 10° 107 10®
TEMPERATURE (°C) FREQUENCY (Hz2) FREQUENCY (Hz)
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LHO004/LH0004C

National Amplifiers
Semiconductor

LHO0004/LH0004C High Voltage Operational
Amplifier

General Description

The LHO004/LHO004C is a general purpose opera- The LHO0004's high gain and wide range of oper-
tional amplifier designed to operate from supply ating voltages make it ideal for applications
voltages up to *40V. The device dissipates ex- requiring large output swing and low power
tremely low quiescent power, typically 8 mW at dissipation.

25°C and Vg = *40V. Additional features include:
The LHO004 is specified for operation over the

® Capable of operation over the range of +5V to -55°C to +125°C military temperature range. The
+40V LHO004C is specified for operation over the 0°C
® Large output voltage typically *35V for the to +85°C temperature range.
LH0004 and *33V for the LHOOOAC into a
2 KQ load with 40V supplies Applications

B Low input offset current typically 20 nA for
the LHO004 and 45 nA for the LHO004C Precision high voltage power supply

n
= Low input offset yoltage typically 0.3 mV ® Resolver excitation

8 Frequency compensation with 2 small capacitors ®m Wideband high voltage amplifier
B Low power consumption 8 mW at £40V ® Transducer power supply

Schematic and Connection Diagrams

oK 50K COMPENSATION

o of
o
'
1 oureuy COMPENSATION
N . Note: Pin 7 must be grounded or connected to a voltage
bt (G b o 1o LM at least 5V more negative than the positive supply (Pin 9).
come i “Pin 7 may be connected to the negative supply; however,
,J “the standby current will be increased. A resistor may be
cow v % inserted in series with Pin 7 to Pin 9. The value of the
L : resistor should be a maximum of 100 K per volt of
3n Sm Sns ) potential between Pin 3 and Pin 9.
Sk Saeox ox
e Order Number LHO004H or LHO004CH

See Package H10B

Typical Applications

Voltage Follower Input Offset - External Current High Compliance Current Source
Voltage Adjust Limiting Method

o0 1o
a-ld W
L g |

03 o4
[ N
Ll

(13

. Ein ——AAA~4
L—oumn

L—n\mur

TS
1

v *Vy = average forward
== loyr < — voltage drop of
= Rum diodes D1 to D4

! H
»
I at20 to 50 uA.
= *May be zero or equal
1o source resistance for

minimum offset,

10K

*Previously called NHO004/NH0004C




Absolute Maximum Ratings

Supply Voltage, Continuous

Power Dissipation (See curve)
Differential Input Voltage

Input Voltage
Short Circuit Duration

Operating Temperature Range LH0004

45V

400 mW

7V

Equal to supply
3 sec

-55°C to +125°C
0°C to 85°C
-65°C to +150°C

LHO004C

Storage Temperature Range

Lead Temperature (Soldering, 10 sec) 300°C
Electrical Characteristics (Note 1)
LH0004 LH0004C
PARAMETER CONDITIONS MINT TYP | MAX | MINT TYP | MAX UNITS
Input Offset Voltage Rg < 10082, To = 25°C 03] 10 03} 15| mv
Rs < 10092 2.0 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 = £40V, T, = 25°C 110 | 150 110 | 150 | uA
Vg = 240V 175 175 MA
Negative Supply Current Vg = *40V, T4 = 25°C 80 | 100 80 | 100 uA
Vg = 240V 135 135 MA
Voltage Gain Vg = 40V, R, = 100k, T, = 25°C
Voris = +30V 30| 60 30| 60 V/imV
Vg = $40V, R = 100k
Vor = £30V 10 10 V/mV
Output Voltage Vg = 40V, R = 10k +30 [ £35 430 £33 \
CMRR Vg = +40V, Rg <5k 70] 90 70 | 90 dB
VN = £33V
PSRR Vg = #40V, Rg <5k 70| 90 70 | 90 dB
AV =20V to 40V
Average Temperature o
. 4.0 Vv/°C.
Coefficient Offset Voltage Rs <1000 4.0 KV
Average Tem‘perature
Coefficient of 04 0.4 nA/°C
Offset Current
Equivalent Input Rs = 1009, Vg= 140V
R .0 \
Noise Voltage f= 500 Hz to 5 kHz, T, = 25°C 3.0 3 HVTmS

Note 1: fhese specifications apply for +5V < 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 LH0004C unless

otherwise specified.

1-7
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LHO0004/LH0004C

Typical Performance

45

INPUT VOLTAGE (V)
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]
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0 10 20 30
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Open Loop Frequency
Response

40
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€2=22pF

100k
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INPUT BIAS CURRENT (nA)
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40
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TS

40
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A
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L1
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Frequency Respaonse
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National
Semiconductor

LHO0005/LHO005A Operational Ampilifier

General Description

The LHOO05/LHOO005A 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 results 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

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

typically

m Full operating rénge: -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 1o 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 GUTPUT FREQUENCY
COMPENSATION COMPENSATION
Wl |4 9
.
:;WK Sk S«
< < 1
N
7
\ outeuT
.
INPUTS
B
> 3
< <
> >
P 3] v
.
—— v~
6
GROUND

Typical Applicatibns

Voltage Follower
e

ouTPUT

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

**To minimize crossover distortion
at higher frequencies. May be
omitted for low frequency
application or selected to suit
design requirements

Offset Balancing Circuit

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

TOP VIEW

Order Number LHO005H or LHO005AH
See Package H10D

External Current Limiting

3

*V, = Average forward voltage drop
of diodes Dy to D4 at approx.
1mA.

L For continuous short circuit

OUTT  protection (Vg = £12V,
-55°C < T, < +100°C)
Ruim=> 5082

Vet
lour S Aoy

Integrator with Bias Current Compensation

.
|

2]
200 9F

*Adjust R for zero integration
drift.

*Previously called NHO005/NHO005A
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- LHO005/LH0005A

Supply Voltage

Power Dissipation (see Curve)
Differential Input Voltage
Input Voltage

Peak Load Current

Storage Temperature Range
Operating Temperature Range

Absolute Maximum Ratings

20V

400 mW

. +15V
Equal to supply voltages
+100 mA

-65°C to +150°C
-55°C to +125°C

Lead Temperature (Soldering, 10 sec) 300°C
Electrical Characteristics (Note 1)
L H0005 LHOO005A
PARAMETER CONDITIONS MIN | TYP | MAX|[MIN| TYP | MAX | UNITS

Input Offset Voltage

25°C Rs < 10002 51 10 1 3 {mv

-55°C, 125°C Rs<100Q 10 4 lmv
Input Offset Current

25°C to 125°C 101 20 2 5 | nA

-55°C 251 75 10 25 | nA
Input Bias Current

25°C to 125°C 15| 50 8 25 | nA

-55°C 100 | 250 60 125 | nA
Large Signal Voltage Gain .

-55°C to 26°C RL = 10K, R2= 3K, Vou = 5V 4 4| 55 V/mv

125°C ) . 15| 3 3| 5 V/imV
Qutput Voltage Swing

~55°C to 125°C R =10k -10 +6 | -10 +6 1V

25°C to 125°C R, = 100 -5 +51 -5 +5 |V

-55°C : R, = 1009 -4 +4 | -4 +4 |V
Input Resistance

25°C 1 2 1] 2 MQ
Common Mode Rejection Ratio ’

25°C ) Vin =4V, RS < 100 55 60 60 |66 dB
Power Supply Rejection Ratio )

25°C 55 | 60 60 |66 dB
Supply Current (+)

-55°C to 125°C 3f s 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 <1000 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 = 2008 in series
with Capacitor Cq = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10 unless

otherwise specified.
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Guaranteed Performance Characteristics
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Typical Performance Characteristics
Input Bias Current Voltage Gain
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LH0005C

National
Semiconductor

LH0005C Operatidnal Amplifier

General Description

The LHOOO5C 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 low 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: 40 mA
into a 100 ohm load '

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

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

typically

Amplifiers

® Operating 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 +20V
Power Dissipation (see Curve) 400 mW
Differential Input Voltage 15V
Input Voltage Equal to supply voltages
Peak Load Current +100 mA
Storage Temperature Range -55°C to +125°C
Operating Temperature Range 0°C to 85°C
Lead Temperature (soldering, 10 sec) 300°C

Electrical Characteristics

LHO0005C
PARAMETER CONDITIONS MIN TYP MAX UNITS
: {Note 2)
Input Offset Voltage Rs < 10002 . 3 10 mV
Input Offset Current 5 25 nA
Input Bias Current 20 100 nA
Large Signal Voltage Gain RL = 10K, R2 = 3K, Voyt = 5V 2 - 5 V/mV
Output Voltage Swing RL =10k -10 +6 \%
R, = 10002 -4 +6 +4 Y;

Input Resistance Ta =25°C 05 2 MQ
Common Mode Rejection Ratio Vin = *4V, Rg< 10082, T4 =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 = 200 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 values are for 25°C only.
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LH0020/LH0020C

National
Semiconductor

LH0020/LH0020C High Gain
Operational Amplifier '

General Description

The LH0020/LHO0020C 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/LH0020C exhibits excel-
fent 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 < 6V < Vg < +18V.
Additional features include:

m | ow offset voltage typically 1.0 mV at 25°C
over the entire common mode voltage range.

Amplifiers

® Low offset current typically 10 nA at 25°C for
. the LH0020 and 30 nA for the LH0020C.

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

= +14V, 50 mA output capability.

Output current capability, excellent input char-
acteristics, and large open loop gain make the
LH0020/LH0020C 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 122V
Power Dissipation 1.5W
Ditferential Input Vol!tage +30V
Input Voltage (Note 1) +15V
Qutput Short Circuit Duration Continuous
Operating Temperature Range LH0020 -55°C to +125°C
LH0020C ~ 0°Cto85°C
Storage Temperature -65°C to +150:C
Lead Temperature (Soldering, 10 sec) 300°C

Electrical Characteristics

LH0020 LH0020C
PARAMETER CONDITIONS UNITS
TEMPC |MIN TYP MAX|TEMP C|MIN TYP MAX

Input Offset  |Rg < 100Q 25 1.0 25 25 1.0 6.0] mV
Voltage -5510 4125 20 4.0] Oto85 30 7.5 mv
Input Offset 25 10 50 25 30 200 nA
Current -55to +125 100 0to 85 300 nA
Input Bias 25 60 250 25 200 500 nA
Current -551t0 +125 500 Oto85 800 nA
Supply Current | Vg = +15V 25 3.5 5.0 25 3.6 6.0 mA
Input Resistance 25 0.6 1.0 25 0.3 1.0 M
Large Signal Vg=+15V, R =300§2, Vg5 =+10V 25 100 300 25 50 150 V/mV
Voltage Gain Vg=115V, R =300{2, Vg =210V]-5510 +125 | 50 Oto 85 30 vimV
Output Voltage ’ Vg = $15V, R = 300(2 25 14.2 145 25 140 142 v
Swing -551t0 +125 | 14.0 01085 13.5 \
Output Short Vg = £15V 25 100 130 25 25 120 140 mA

Circuit Current [R, = 012

Input Voltage Vg = £15V -5510 +125 |+12 Oto85 [+12 Vv

Range A\
Common Mode [Rs < 10002 -6510+1251 90 96 0to85 | 90 96 dB

Rejection Ratio

Power Supply Rg < 10002 -55t0+125 | 90 96 0to85 | 90 96 dB
Rejection Ratio

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

Note 2: These specifications apply for +5V < Vg < +22V for the LH0020, +5V < Vg < 18V for
the LH0020C, pin 9 grounded, and a 5000 pF capacitor between pins 2 and 3, unless otherwise specified.

D0Z00HT1/0200H1 i




LH0021/LH0021C, LH0041/LH0041C

National
Semiconductor

Amplifiers

LH0021/LH0021C 1.0 Amp Power Operational Amplifier
LH0041/LH0041C 0.2 Amp Power Operational Amplifier

General Description

The LH0021/LH0021C and LH0041/LHO0041C are
general purpose operational amplifiers capable of
-delivering large output currents not usually asso-
ciated with conventional IC Op Amps. The LH0021
will provide output currents in excess of one
ampere at voltage levels of *12V; the LHO0041
delivers currents of 200 mA at voltage 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

® Output current 1.0 Amp (LH0021)
0.2 Amp (LH0041)
® Qutputvoltage swing +12V into 1092 (LH0021)

+14V into 10082 (LH0041)

= Wide full power bandwidth 15 kHz
® | ow standby power 100 mW at £15V
® Low input offset

voltage and current 1mV and 20 nA

® High slew rate
®» High open loop gain

3.0V/us
100 dB

The excellent input characteristics and high out-
put capability of the LH0021 make it an idéal
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 LH0021 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
LH0021 and LHO041 are guaranteed over the
temperature range of —-55°C to +125°C while the
LH0021C and LH0041C are guaranteed from -25°C
to +85°C

Schematic and Connection Diagrams
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Absolute Maximum Ratings

Supply Voltage +18V
Power Dissipation See curves
Differential Input Voltage +30V
Input Voltage {Note 1) +15V
Peak Qutput Current (Note 2) LH0021/LH0021C 2.0 Amps
LHO0041/LHO0041C 0.5 Amps

Output Short Circuit Duration (Note 3) Continuous
Operating Temperature Range LH0021/LH0041 -55°C to +125°C
) LH0021C/LHO041C  -25°C to +85°C

Storage Temperature Range -65°C to +150°C
Lead Temperature (Soidering, 10 sec) 300°C

DC Electrical Characteristics for LH0021/LH0021C (Note 4)

OLYO00HT1/I00HT “OF200HT/E200HT

LIMITS
PARAMETER CONDITIONS LH0027 LHO0021C UNITS
MIN TYp MAX MIN TYP MAX
Input Offset Voltage Rg< 10082, Tg = 25°C 1.0 3.0 30 6.0 mV .
Rs< 1008 5.0 75 mv
Voltage Drift with Temperature Rg < 10092 3 25 5 30 uv/'c
Offset Voltage Drift with Time 5 5 HV/iweek
Oftset Voltage Change with Qutput Power 5 15 5 20 HV/watt
Input Offset Current Te =25°C 30 100 50 200 nA
300 500 nA
Offset Current Drift with Temperature 0.1 1.0 0.2 1.0 nA/°C
Offset Current Drift with Time 2 2 nA/week
Input Bias Current Te =25°C 100 300 200 500 nA
1.0 1.0 HA
Input Resistance Te = 25°C 0.3 1.0 0.3 10 MQ
Input Capacitance 3 3 pF
Common Mode Rejection Ratio Rg< 10082, AVem = 10V 70 920 70 90 dB
Input Voltage Range Vg = £15V ’ 12 12 | v
Power Supply Rejection Ratio Rs < 10082, AVg = 10V 80 96 70 90 dB
Vottage Gain Vg = HSV,/VO =10V .
R = 1k§2, Te = 25°C, 100 200 100 200 V/mv
Vg = 215V, Vo = 10V
R = 10092, 25 20 V/imv
Output Voltage Swing Vs = *15V, R = 1000 135 14 13 14 v
Vs =15V, R = 10Q, T¢c = 25°C 1110 | 212 +10 212 v
Output Short Circuit Current Vg = £18V, T = 25°C,Rgc = 0.5Q 0.8 1.2 1.6 0.8 1.2 1.6 Amps
Power Supply Current Vs = £168V, Vg1 = 0 25 3.5 3.0 4.0 mA
Power Consumption Vs = %15V, Vgoyr =0 75 105 a0 120 mw
AC Electrical isti ' ‘
ectrical Characteristics for LH0021/LH0021C (Tp =25°C, Vs = 15V, C¢ =3000pF)
Slew Rate Ay = +1, R = 1002 08 3.0 10 30 Vius
Power Bandwidth R_ = 10082 20 20 kHz
Small Signal Transient Response 03 1.0 0.3 1.5 us
Small Signal Overshoot 5 20 10 30 %
Settling Time (0.1%) AVin =10V, Ay = +1 4 4 Hs
Overload Recovery Time 3 3 s
Harmonic Distortion f=1kHz, Pg = 0.5W 0.2 0.2 %
Input Noise Voltage Rg = 5082, B.W. = 10 Hz to 10 kHz 5 5 HV rms
1nput Noise Current B.W. = 10 Hz to 10 kHz 0.05 0.05 nA rms




LH0021/LH0021C, LH0041ILH0041C

DC Electrical Characteristics for LHo041/LH0041C (Note 4)
LIMITS '
PARAMETER CONDITIONS LHO0041 LH0041C UNITS
. MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rg< 1008, To=25C 1.0 3.0 3.0 6.0 mvV
Rs < 10092 50 7.5 mV
Voltage Drift with Temperature R < 10002 3 5 uv/re
Offset Voltage Drift with Time 5 5 HV/week
Offset Voltage Change with Output Power 15 15 HV/watt
Offset Voltage Adjustment Range (Note 5) 20 20 mv
Input Offset Current Ta=25°C 30 100 50 200 nA
300 500 nA
Offset Current Drift with Temperature 0.1 1.0 0.2 1.0 nA/°C
Offset Current Drift with Time 2 2 nA/week
tnput Bias Current Ta=25°C 100 300 200 500 nA
1.0 1.0 HA
Input Resistance Ta=25C 03 1.0 0.3 1.0 MQ
Input Capacitance 3 3 pF
Common Mode Rejection Ratio Rs < 10082, AVep = £10V 70 90 70 %0 d8
Input Voltage Range Vg = *16V 12 12 \
Power Supply Rejection Ratio Rs < 1000, Avg = 10V 80 96 70 90 d8
* Voltage Gain Vs = 15V, Vo
R =1k, Ty 100 200 100 200 Vimv
Vg = £16V, Vg = 10V
Ry = 10082 25 20 V/mv
Output Voltage Swing Vg = 15V, R = 1002 130 14.0 130 +14.0 v
Output Short Circuit Current Vg =+15V, Ty, - 25°C 200 300 200 300 mA
(Note 6)
Power Supply Current Vg = %15V, Vour =0 25 35 30 40. mA
Power Consumption Vg = %15V, Vour =0 75 105 120 mwW
. T
AC Electrical Characteristics for LH0041/LH0041C (Tp =26°C, Vg =215V, Cc = 3000pF)
Slew Rate Ay = +1, R = 10082 1.5 3.0 1.0 3.0 Vius
Power Bandwidth R = 1002 ! 20 20 kHz
Small Signal Transient Response 6.3 1.0 0.3 1.5 us
Small Signal Overshoot 5 20 10 30 %
Settling Time (0.1%) AV)y = 10V, Ay = +1 4 4 us
Overtoad Recovery Time 3 3 Hs
Harmonic Distortion f=1kHz, Pg=0.5W 0.2 0.2 %
Input Noise Voltage Rs = 5082, BW. = 10 Hz to 10 kHz 5 5 HV/tms
Input Noise Current B.W. = 10 Hz to 10 kHz 0.05 0.05 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 15V < Vg +18V, and -55°C <Tc=< 125°C for LHO021K and LH0041G, and -25°C <

Tc < +85°C for LH0021CK, LH0041CG and LH0041CJ unless otherwise specified. Typical values are for 25°C only.

Note 5: TO-8 “G’* packages only.

Note 6: Rating applies for **J"" DIP package and for TO-8 “‘G" package with Rgc = 3.3 ohms.




Typical Performance Characteristics
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LH0021/LH0021C, LH0041/LH0041C

Typical Performance Characteristics (conta)
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Typical Applications (cont'd)
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LH0021/LH0021C, LH0041/LH0041C

Auxiliary Circuits

LH0021 Unity Gain Circuit with ' LH0041G Unity Gain with
Short Circuit Limiting Short Circuit Limiting

LR
< ae-§

LHO041/LH0021 Offset Voltage Null Circuit LHO0041G Offset Voltage Nult Circuit .
(LHO0041CJ Pin Connections Shown)* '
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Operation ﬁ:om Non-Symmetricat 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
LHO052/LH0052C Precision FET Op Amp

General Description

The LH0022/LH0042/LH0052 are a family of
FET input operational amplifiers with very closely
matched input characteristics, very high input
impedance, and ultra-low input currents with - no
compromise in noise, common mode rejection
ratio, open loop gain, or slew rate. The internally
laser nulled LH0O052 offers 500 microvolts maxi-
mum offset and 5 uV/°C offset drift. Input offset
current is less than 500 femtoamps at room tem-
perature and 500 pA maximum at 125°C. The
LH0022 and LHO042 are not internally nutled but
offer comparable matching characteristics. All de-
vices in the family are internally compensated and
are free of latch-up and unusual osciliation prob-
lems. The devices may be offset nulled with a
single 10k trimpot with neglible effect in CMRR.

The LH0022, LH0042 and L.HO052 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
-26°C to +85°C temperature range.

Features
® | ow input offset current—500 femtoamps max.
(LH0052)

Low input offset drift—5uV/°C max (LH0052)
Low input offset voltage — 100 microvolts-typ.
High open loop gain — 100 dB typ.
Excellent 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/LH0052 famity 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
1LH0042 provide low cost high performance for
such applications as electrometer and photocell
amplification, pico-ammeters, and high input im-
pedance buffers.

Special electrical 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
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LH0022/LH0022C, LH0042/LH0042C, LH0052/LH0052C

Absolute Maximum Ratings

Supply Voltage

Power Dissipation {see graph)

Input Volitage {Note 1)

Differential input Voltage (Note 2)

Voltage Between Offset Null and V™

Short Circuit Duration

Operating Temperature Range
LHO0022, LH0042, LH0052
LH0022C, LH0042C, LH0052C

Storage Temperature Range

Lead Temperature {Soldering, 10 sec)

. +22V
‘5600 mW

*15V

+30V

+0.5V
Continuous

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

DC Electrical Characteristics for LH0022/LH0022C (Note3) -

LIMITS
PARAMETER CONDITIONS LH0022 LH0022C UNITS
‘ MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rg < 100 k§2; T, = 25°C, 20 4.0 35 6.0 mv
Vg = :15V
Rg <100 k2, Vg = §15V 5.0 7.0 mVv
Temperature Coefficient of Rs < 100 kQ2 5 10 5 15 uv/°c
Input Offset Voltage .
Offset Voltage Drift with Time 3 4 uViweek
Input Offset Current (Note 4) 0.2 20 1.0 5.0 pA
2.0 0.5 nA
Temperature Coefficient of - Doubles every 10°C Doubles every 10°C ‘
tnput Offset Current
Offset Current Drift with Time 0.1 0.1 pA/week
Input Bias Current {Note 4) 5 10 10 25 PA
10 2.5 nA
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
Input Capacitance 40 4.0 pF
" Input Voltage Range Vg = 15V +12 +135 12 135 \
Common Mode Rejection Ratio Rs < 10 k2, Vi = 210V 80 |- 90 70 90 dB
Supply Voltage Rejection Ratio Rs < 10 k§2, #5V < Vg < #15V 80 90 70 90 dB
Large Signal Voltage Gain R = 2k, Vour = £10V, 100 200 75 160 V/mV
Ta = 25°C, Vg = $15V
Ry = 2kS2, Vour = 10V, 50 50 VimV
Vg = +16V
Output Voltage Swing Ry = 1k§, T, = 25°C, +10 12,5 10 12 v
Vg = 15V
‘ Ry =2k, Vg = £15V £10 10 Y
Output Current Swing Vour = 10V, T, = 25°C £10 +15 +10 +15 mA
Output Resistance 75 75 Q
Qutput Short Circuit Current 25 25 mA
Supply Current Vg = £15V 20 25 24 2.8 mA
Power Consumption Vg =15V 75 85 mw
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DC Electrical Characteristics for LH0042/LH0042C (Note 3)
Limits
Parameter Conditions LHo042 LHo0042C Units
Min. | Typ. | Max. | Min. | Typ. | Max.
Input Offset Voitage Rs < 100kQ 5.0 20 6.0 20 mv _
Temperature Coefficient of Rs < 100kQ ) 5.0 10 uvi°G :
Input Offset Voltage X
‘ Offset Voltage Drift with Time 7.0 10 uViweek _I_
Input Offset Current (Note 4) 1.0 5.0 20 10 pA I
Temperature Coefficient of Doubles every 10°C | Doubles every 10°C 8
Input Offset Current N
Offset Current Drift with Time 0.1 01 pAlweek Q
Input Bias Current (Note 4) 10 | 25 15 | 50 ' pA r~
Temperature Coeffieient of - | Doubles every 10°C | Doubles every 19°C I
Input Bias Current (=)
Differential Input Resistance 1012 1012 Q S :
Common Mode Input Resistance 1012 1012 Q N
Input Capacitance 4.0 4.0 pF p
Input Voltage Range +12 |+13.5 +12 {135 v r
Common Mode Rejection Ratio Rg € 10kQ, V|y = 210V 70 86 70 80 d8 I
Supply Voltage Rejection Ratio Rs < 10kQ, £5V < Vg € 215V | 70 86 70 8_0 dB [=}
Large Signal Voltage Gain Rs < 2kQ, Voyr =210V 50 150 25 100 Vimv g
Output Voltage Swing R =1kQ, Ta=25C 10 |2125 +10 | £12 v N
RL=2kQ *10 *10 Y -
Output Current Swing . Vour = =10V +10 | +15 +10 | +15 mA =
Output Resistance 75 : 75 Q (=]
Output Short Circuit Current 20 20 mA g
Supply Current 25 | 35 28 | 40 mA N
B Power Consumption 105 ' 120 mw p
DC Electrical Characteristics For LHo052/LH0052C (Note 3) T
[=}
Limits (]
Parameter Conditions LH0052 LH0052C Units %
Min. | Typ. | Max. | Min, | Typ. | Max. F
Input Offset Voltage Rg < 100kQ, Vg = +15V 0.1 0.5 0.2 1.0 mv I
Ta=25°C o
Rs < 100k, Vg = +15V 1.0 15 my o
Temperature Coefficient of Rg < 100kQ, Vg =+15V 20 5.0 5.0 10 wIC [$1]
Input Offset Voltage N
Oftset Voltage Drift with Time . 2.0 4.0 uViweek 0
Input Offset Current (Note 4) 001 | 5.0 002 | 10 pPA
500 100 pA
Temperature Coefficient of Doubles every 10°C | Doubles every 10°C
Input Offset Current
Offset Current Drift with Time <0.1 <0.1 pAl/week
Input Bias Current (Note 4) 0.5 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 1012 1012 Q
Common Mode Input Resistance 1012 1012 ‘Q
Input Capacitance 4.0 4.0 pF
Input Voltage Range Vg= =15V +12 | 135 +12 | +13.5 v
Common Mode Rejection Ratio Rs < 10k, Viy = =10V 74 90 70 90 dB
Supply Voltage Rejection Ratio Rg € 10k, x5V < Vg < £15V | 74 90 70 90 dB
Large Signal Voltage Gain R =2KQ, Vout = 210V 100 | 200 75 | 160 vimv
Vg =15V, To=25°C )
RL =2k, Vour =10V 50 ) 50 Vimy
Vg =+15V
Output Voltage Swing RL=1kQ, Ta=25°C +10 | £125 =10 | =12 \
Vg==+15V
RL=2kQ, Vg =15V £10 10 Y
Output Current Swing Vour =10V, t4 =25°C +10 | %15 +10 | =15 mA
Output Resistance . 75 75 Q
Output Short Circuit Current 25 25 mA
Supply Current Vg =15V 3.0 35 30 38 mA
Power Consumption Vg==%15V 105 114 mw




LH0022/LH0022C, LH0042/LH0042C, LH0052/LH0052C

AC Electrical Characteristics rorall amplifiers (Ty = 25°C, Vg = +15V)

LIMITS
. PARAMETER CONDITIONS LH0022/42/52 LH0022C/42C/52C UNITS
MIN TYP MAX MIN TYP MAX
Slew Rate Voltage Follower 15 3.0 1.0 30 Vius
Large Signal Bandwidth Voltage Fotlower 40 40 kHz
Smal! Signal Bandwidth 1.0 1.0 . MHz
Rise Time 0.3 15 03 1.5 Hs
Overshoot 10 30 15 40 %
Settling Time (0.1 %) AV = 10V 45 45 Hs
Overload Recovery 4.0 4.0 ’ us
Input Noise Voltage Rs = 10 k2, fo = 10 Hz 150 150 nVA/Hz
tnput Noise Voltage - Rs = 10 kS, f, = 100 Hz 55 55 nVA/HZ
- Input Noise Voltage Rs = 10 k{2, f, = 1 kHz 35 35 nV/\/H_z

Input Noise Voltage Rg = 10 k2, f, = 10 kHz 30 30 ‘nVA/HZ
Input Noise Voltage BW = 10 Hz t0 10 kHz, Rg = 10k 12 12 uVrms
Input Noise Current BW=10Hzto 10kHz ’ <A1 <A pArms

Note 1: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 2: Rating applies for minimum source resistance of 10 k2, for source resistances less than 10 k2, maximum differential

input voltage is t5V.

Note 3: Unless otherwise specified, these specifications apply for t5V < Vg < 20V and -55° C < Tp < +125°C for the
LH0022 and LHO052 and -25°C < T 4 < +85°C for the LH0022C and LH0052C Typical 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; = 25° 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 (cont'q)
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LH0022/LH0022C, LH0042/LH0042C, LH0052/LH0052C

Typical Performance Characteristics

Maximum Power Dissipation
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LH0024/LH0024C

National
Semiconductor

Operational Amplifiers/Buffers

LH0024/LH0024C High Slew Rate Operational

Amplifier

General Description

The LH0024/LH0024C is a very wide bandwidth,
high slew rate operational amptifier intended to
fulfil 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
® Wide small signal bandwidth — 70 MHz

& Wide large signal bandwidth — 15 MHz

® High output swing — 12V into 1K

8 Offset null with single pot
® Low input offset — 2 mV
= Pin compatible with standard IC op amps

The LHO0024/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 LHO0024 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 Voltage
Input Voltage

Differential Input Voltage

Power Dissipation

Operating Temperature Range

LH0024
LH0024C

Storage Temperature Range

18V

Equal to Supply
5V

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 ote 1)
LHO0024 LH0024C
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rs =509, Th = 25°C 2.0 4.0 5.0 8.0 mV
Rg = 5002 6.0 10.0 mv
Average Temperature | Vg =15V, Rg = 509 -20 -25 uv/rce
Coefficient of Input -55°C t0 125°C
Offset Voltage
Input Offset Current | T, =25°C 20 5.0 40 | 150 HA
10.0 200 HA
Input Bias Current Ta=25°C 15 30 18 40 HA
40 50 KA
Supply Current 12.5 15 125 15 mA
Large Signal Voltage | Vg=*15V, R, = 1k, T4 = 25°C ) 5 3 4 V/imV
Gain Ve =£15V, R = 1k 3 2.5 V/mV
Input Voltage Range Vg = %15V 12 +13 +12 *13 \
Output Voitage Vg=#15V, R = 1k, To =25°C | #12 | *13 +10 +13 v
Swing Vg =*15V, R = 1k +10 *10 \
Slew Rate Vg = £15V, R _= 1k, 400 | 500 250 400 V/us
Cy=C, = 30 pF
Ay =+1, T, =25°C
Common Mode Vg = £15V, AV = £10V 60 60 dB
Rejection Ratio Rs = 502
Power Supply 5V < Vg < 18V 60 60 dB
Rejection Ratio Rg = 500 )

Note 1: These specifications apply for Vg = £15V and -55°C to +125°C for the LH0024 and -25°C to +85°C for the LH0024C.

Frequency

.
Compensation
TABLE |
CLOSED
LOOP GAIN G Cz C3
100 4] ] ]
20 [\] 0 0
10 [} 20pF | 1pF
1 30 pF 30pF | 3pF

Frequency Compensation Circuit
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LH0024/LH0024C

Typical Performance Characteristics

Large Signal Frequency ’

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. Cc ions

ion R

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. Slight adjustments in the values for
C1, C2, and C3 may be necessary for a given
layout. In particular, when operating at a gain of

Input Bias Current vs Voltage

25
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s
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)
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rS
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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 isolated 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.




National
| Semiconductor

LH0032/LH0032C Ultra Fast FET

Operational Amplifier

General Description

The LH0032/LH0032C is a high slew rate, high input im-
pedance differential operational amplifier suitable for
diverse application in fast signal handling. The high al-
lowable differential input voltage, ease of output clamp-
ing, and high output drive capability particularly suit it
for comparator applications. It may be used in applica-
tions normally reserved for video amplifiers allowing the
use of operational gain setting and frequency response
shaping into the megahertz region.

Features

B 500 Vius slew rate
W 70 MHz bandwidth
® 10'2Q input impedance

B 5mV max. input offset voltage

B FET input

m Offset null with single pot

B No compensation for gains above 50
W Peak output current to 100mA

The LH0032's wide bandwidth, high input impedance
and high output capacity make it an ideal choice for ap-
plications 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 LH0032 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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LH0032/LH0032C

Absolute Maximum Ratings

Supply Voltage, Vg +18V
Input Voltage, V| +Vg
Differential Input Voltage +30V or +2Vg

Power Dissipation, Pp

Ta=25°C 1.5W, derate 100°C/W to 125°C (Note 1)

Tc=25°C 2.2W, derate 70°C/W to 125°C (Note 1)
Operating Temperature Range, Ta

LH0032G -55°C to +125°C

LH0032CG —-25°C to +85°C
Operating Junction Temperature, T, 175°C
Storage Temperature Range. -65°Cto +150°C
Lead Temperature (soldering, 10 seconds)

DC‘ Electrical Characteristics -

300°C

Vg =x15V, Ty < Ta € Tpax unless otherwise noted

LH0032G LH0032CG
Unl
Parameter Test Conditions Min. | Typ. | Max. | Min. | Typ. | Max. n ts
Vos Input Offset Voltage Ta=T;=25°C (Note 2) 2 5 2 15 [ mV
| ) 10 20
AVpg/AT | Average Offset
.| Voltage Drift 25 25 uvi°C
los Input Offset Current T,;=25°C (Note 2) 25 50 | pA
Vin=0 Ta=25°C (Note 3) 250 500 | pA
Ty =Ta=Tmax 25 5 nA
Ig Input Bias Current Ty=25°C (Note 2) 100 "] 500 | pA
: Ta =25°C (Note 3) 1 5 nA
Ty=Ta=Tmax 50 15 | nA
Vinem | Input Voltage Range : +10 | £12 +10 | £12 \Y
CMRR | Common Mode .
Rejection Ratio AVin =10V 50 60 50 60 dB
AyoL |Open-Loop Voltage Vo=x10V, f=1kHz | T;=25°C 60 70 60 70 dB
Galn R, =1kQ 57 57
Vo Qutput Voltage Swing | R =1kQ +10 |+13.5 +10 | +13 \
Is Power Supply Current | T;=25°C, lo=0 18 20 20 22 | mA
PSRR |Power Supply ) ]
ReJection Ratlo AVg =10V 50 | 60 50 | 60 dB
AC Electrical Characteristics vs=x15v, R =1ke, T,=25°C
Parameter ) Conditions - Min. Typ. Max. Units
Sr | Slew Rate Ay =+ 350 " 500 Vips
ts | Settling Time to 1% of Final Value Av=—1. | AV =2 100
ts | Settling Time to 0.1% of Final Value v=_1h | Min=20 300 ns
tp | Small Signal Rise Time Ay =+1. AVi =1V 8 20
tp | Small Signal Delay time M PN 10 25

Note 1: In order to limit maximum junction temperature to +175°C, it may be necessary to operate with Vg < £15V when Tp or Tg
exceeds specific values depending on the Pp within the device package. Total Pp Is the sum of quiescent and load-related dissipation.
See Applications Notes AN277, “Applications of Wide-Band Buffer Amplifiers” and AN253, “High-Speed Operational-Ampilfier
Applications” for a discussion of load-related power dissipation.

Note 2: Specification is at 25°C Junction temperature due to requirements of high-speed automatic testing. Actual values at operating
temperature will exceed the value at Tj=25°C. When supply voltages are +15V, no-load operating junction temperature may rise
40-60°C above ambient and more under load conditions. Accordingly, Vos may change one to several mV, and Ig and lgg will change
significantly during warm-up. Refer to Ig and Ipg vs. temperature graph for expected values.

Note 3: Measured In still air 7 minutes after application of power.
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Typical Performance Characteristics

Maximum Power Supply Current vs.
Dissipation Supply Voltage
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LH0032/LH0032C

. Total Input Noise
Voltage vs. Frequency*

e

|

|

[
\ RS = 100k

TOTAL INPUT NOISE VOLTAGE (nvVA/Hz)
)
a

P

INPUTS

RS=100 | [T}
10 H
® I T
10 100 1® 10k
FREQUENCY (Mz)

* Noise voltage includes contribution from source resistance.

Typical Appliycati»ons

Unity Gain Amplifier

v

INPUT

ouTPUT

TYP. BW3dB =45 MHz

100X Buffer Amplitier

INPUT
11

10K

TYP. BW3dB =5 MHz

Offset Null

Auxiliary Circuits

10X Buffer Amplifier

INPUT

QuTPUT

TYP. BW3¢B = 10 MHz

Non-Compensated Unity Gain Inverter

V+

INPUT

TYP. BW3dg =70 MHz

1-36

Output Short Clrcuit Protection
v




Typical Applications (contq)

High Speed Sample and Hold

O ouTPUT

INPUT O

*Uss poly dietectric for mini drift

LOGIC
CONTROL

High Speed Current Mode MUX
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LHO0032/LH0032C

Applications Information

Power _SUppIy Decoupling

The LH0032/LH0032C, like most high speed circuits, is
sensitive to layout and stray capacitance. Power sup-
plies should be by-passed as near to pins 10 and 12 as
practicable with low inductance capacitors such as
0.01uF disc ceramics. Compensation components
should also be located close to the appropriate pins to
minimize stray reactances. ’

Input Current

Because the input devices are FETs, the input blas cur-
rent may be expected to double for each 11°C junction
temperature rise. This characteristic is plotted in the
typical performance characteristics graphs..The device
will self-heat due to internal power dissipation after ap-
plication of power thus raising the FET junction tempera-
ture 40-60°C above free-air ambient temperature when
supplies are £15V. The device temperature will stabilize
within 5-10 minutes after application of power, and the in-

put bias currents measured at that time will be indicative’

of normal operating currents. An additional rise would
occur as power is delivered to a load due to addmonal
internal power dissipation.

There is an additional effect on input blas current as the
input voltage is changed. The effect, common to all
FETs, is an avalanche-like increase In gate current as

the FET gate-to-drain voltage Is Increased above a

critical value depending on FET geometry and doping
levels. This effect will be noted as the input voltage of
the LHO0032 is taken below ground potential when the
supplies are +15V. All of the effects described here may
be minimized by operating the device with Vg < +15V.

These effects are indicated in the typical performance
curves,

Input Capacitance

The input capacitance to the LH0032/LH0032C is typi-
cally 5 pF and thus may form a significant time constant
with high value resistors. For optimum performance, the
input capacitance to the inverting input should be com-
pensated by a small capacitor across the feedback resis-
tor. The value is strongly dependent on layout and closed
loop gain, but wiil typically be in the neighborhood of
several picofarads.

In the non-inverting configuration, it may be advan-
tageous 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 LH0032/LH0032C is specified for operation
without any explicit heat sink, Internal power dissipation
does cause a significant temperature rise. Improved blas
current performance can thus be obtained by limiting
this temperature rise with a small heat sink such as the
Thermalloy No. 2241 or equivalent. The case of the device
has no internal connection, so it may be electrically con-
nected to the sink if this is advantageous. Be aware,
however, that this will affect the stray capacitances to
all pins and may thus require adjustment of circuit com-
pensation values. .

For additional applications information see Application
Note AN-253.
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National
Semiconductor

Amplifiers

LHO0044 Series Precision Low Noise

Operational Amplifiers

General Description

The LHO0044 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 LHO044 Series’ low initial offset and offset drift
eliminate costly and time consuming null adjustments

at the systems level. The superior performance affarded.

by the LHO044 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 LHO044 Series is an excellent choice for a wide
range of precision applications including strain gauge
bridges, thermocouple amplifiers, and ultrastable refer-
ence amplifiers. The LH0044 and LHOO044A are

guaranteed over the temperature range of —55°C to
+125°C, and the LHO044AC, LH0044B, 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

= Low input offset voltage 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
= High CMRR and PSRR 120 dB min
= High open loop gain 120 dB min
® Wide common-mode range 13V min -
m Wide supply voltage range 2V to 220V

Equivalent Circuit and Connection Diagram

QVER COMP
1
I ov
< <
/:4' /f"(l
. < 50k < 50k
comp O +
B
Ay outPuT
Metal Can Package
—_———_—— -] / comp
/ o
( a a ) 100 pF OVER
\ COMP
Se——e — =]~ INVERTING ouTPUT
INP
|———t ==
RS / \
NINVERTING
mvsmﬁ a 0 b INPYT ne
/ -
—_———t — |
A3 R4
w 100 TOP VIEW
_AA A
NONANVERTING 3 5‘01 v EalM Case is electrically isolated
iweur O— VW& Note: Compensation is not normally required. However, for maximum
stability, » 0,01, capacitor shouid be placed between pins 7 and § when
6 W device is used below closed loop gains of 10,
Order Number LHO044H,
05 LHO044AH, LH0O044CH, LHO044ACH,
0 LH0044BH
A 13V See Package H08B
50k
4 -
—OV

¥Y00H1 i



LHO0044

Absolute Maximum Ratings

Supply Voltage +20V Operating Temperature Range
Power Dissipation 600 mW LH0044, LHO044A —55°C t0 +125°C
Differential Input Voltage (Note 4) LY LHO044AC, LH00448B, LH0044C —25°C to +85°C
Input Voltage (Note 5) +15V 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 LHO0044A/LHO0044AC LH0044/L.H0044B/LH0044C UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Ta =25°C, Rg = 509, Vepy = OV 8 25 12 50 uv
LHO044C Only . 100 uv
Input Offset Voltage Rg = 5082, Vem =0V 55 180 uv
LHO044A and LH00448 Only. 75 80 uv
Average Input Offset Voltage Drift | Ty < Ta < Tmax 0.1 0.5 0.2 1.3 uv/ee
LH00448 Only 0.5 uv/ee
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 = 50§ 0.35 0.7 0.35 0.8 uVp-p
Rg = 10 k2 Imbalance 0.50 0.9 0.50 1.0 uVp-p
Thermal Feedback Coefficient . 0.005 0.005 MV/mwW
Open Loop Voltage Gain Ry =10k 120 145 114 140 dB
Common-Mode Rejection Ratio 10V <Vem <+ 10V 120 145 114 140 dB
Power Supply Rejection Ratio 3V < Vg <18V 120 145 114 140 d8
Input Voltage Range +13 +13.8 12 +13.5 \
Qutput Voltage Swing RL =10 k2 +13 *13.7 +12 +13.5 v
Input Offset Current 25°C < Ta € Tmax 1.0 2.5 1.5 5.0 nA
Tuin < Ta <25°C 5.0 10.0 nA
Average Input Offset Current Drift 5 40 15 80 pA/°C
Input Bias Current 25°C < Ta <Tmax 8.5 15 10 30 nA
Tvin < Ta <26°C 50 100 nA
Average Input Bias Current Drift 50 300 100 600 pA/°C
Differential Input Impedance 5 10 2.5 8 MQ
Common-Mode Input impedance 2x 10" 2x 10" Q
Supply Current I.=0 0.9 3.0 1.0 4.0 mA
Power Dissipation 27 90 30 120 mwW
AC Electrical Characteristics T, =25°c, vy =+15v
. l -
PARAMETER ° CONDITIONS TYP UNITS
input Noise Voltage Rs = 1k, fo = 10 Hz ' 1 nV/A/Rz
Rg =1k, fo =1 kHz 9 nVA/Hz
Slew Rate Ay =+1, R_ =10k, Viy =10V 0.06 Vius
Large Signal Bandwidth Ay =+1, R =10k82, V\y =10V 1 kHz
Overload Recovery Time Ay =100,V =—100 mV, AV, =200 mV 5 us
Small Signal Bandwidth Ay =+1, RL =10k 400 kHz
Small Signal Rise Time Ay =41, R_ =10k, Vi, =10mV 25 us
Overshoot Ay =+1, R_=10k§, V\y =10mV,C_=100pF 10 %

Note 1: All specifications apply for all device grades, at Vg = +15V, and from Ty N to Tpax unless otherwise specified. Ty is ~55°C and
TMAX is +125°C for the LHOO44A and LHO0044. TpyyN is —25°C and Tpax is +85°C for the LHO044AC, LHO044B and LHO044C. Typicals are
given for Tp = 25°C. .

Note 2: This parameter is not 100% tested; however, 90% of the devices are guaranteed to meet this specification after one month of operation
and after initial turn-on stabilization.

Note 3: Noise is 100% tested on the LHO044A, LHO044AC and LHO044B only. 90% of the LH0044 and LH0O044C devices are guaranteed to meet
this specification. '

Note 4: The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow for differential input voltages in
excess of 1V. Input current should be limited to less than 1-mA.

Note 5: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.
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Typical Performance Characteristics

TOTAL NOISE VOLTAGE {nV/\/Hz)
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LHO0044

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 point worth 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. \

>s 2

L&

Vv
< R¥*
>
1SOTHERMAL 2o S
10k
AA

VWV

<

0.0uF l
I AN
OVEN, -55°C < Ty < +125°C

*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:

41078

= ——————— (H2)
100 pF + C,y; 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 LH0O044 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 technique for offset nulling the
LH0044 is shown in Figure 2. Null 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 VT and V™ changes
and 0.014V/°C drift for the values shown in Figure 2.

FIGURE 2. LH0044 Nult Technique

= Gain=g, R_
= 2021077 (R1+R2) for Vi < 10 mV

*Wire-wound resistors.

X1000 Instrumentation Amp
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Typical Applications (continued)
v 282017
M O +15V OUTPUT
415V ;le r
Y 0.0% u s
V2 (R2+RY) 8
Vour = —— i
lour < 100 mA F-S
R1
10k
0.1% Oeg =10V
i P e 1/ MMA52
T < S
< =" STANDARD
-_T—_ CELL
AA A =
-nv VAL \J O 15V QUTRUT 10V Reference Supply
MIN 284030
“Wire-wound for minimum drift.
Line and load regulation < 0.005%
Precision Dual Tracking Regulator
R2 R3
277%% 93 25k 94
2 A AAA
VW VWA
(o]
R
L35 |, 5 6 ’
'A'A' R4
25k
8
LHOD4a L
INVERTING o 3
INPUT
oUTPUT
NON-INVERTING 3
eyt O
LHO044 £
A8
2525
16 A1l R13
VW d 25k 6.25k
no At 12 " A
15 2770k 25k
AA AAA
WA WV »
o
All resistors are part of National’s RA201 sesistor array.
OVERALL mPUT STAGE OUTPUT STAGE JUMPER PINS
GAIN GAIN GAIN ON RA201
X1 X1 | Xt
X2 X1 X2 5t07,12t0 10
X5 X1 X5 6t07,11t0 10
X10 X10 X1 2t0 15
X20 X10 X2 24015,5t0 7,120 10
X50 X10 X5 21015,6t07,11t0 10
X100 X100. X1 1t0 16
X200 X100 X2 1t016,5t07,12t0 10
X500 X100 X5 11016,6t07, 111010
X995 X199 XS5 1t014,6t07,11t0 10
Precision Instrumentation Amplifier
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LHO0044

Noise Test Circuit

0.1 Hz HIGH PASS FILTER

10 Hz LOW PASS FILTER

1F
POLVSTYRENE

r—O Vour =10%e,

VERT: 200 nV/DIV
HORIZ: 5 SEC/DIV




National
Semiconductor

Amplifiers

LHO0045/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 voltage.

The LH0045 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 LH0045/
LH0045C 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 remote signal applications.
Also, current output minimizes susceptibility to
voltage noise spikes and eliminates line drop
problems.

Features

m High sensitivity > 10 uA/uv
® Low input offset voltage 1.0mV
8 | ow input bias current 2.0 nA
m Single supply operation 10V to 50V
® Programmable bridge reference 5.0V to 30V

(LHO045G)
m Non-interactive span and null adjust
s Qver compensation capability

m Supply reversal protection

The LH0045/LHO0045C 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

Vner Ol | —

A1
a0k

— AAA
W
-—

5

]

RETURN vy ]

Vorr | m2 g "
ADIUST) 6.0k S
5
o= -
> -
g 7
wmg A
R3
Ak
INVERTING 11 ,‘,.nh \
INPUT (-)
A "/m
i
1.0k
NONINVERTING 530 A A1
>
INPUT (+) S
2o
RS a RY
1.0k /]\ 100 pF w o,
BRIDGE C' AAA J_ &—AAA—O L2

OVER COMMON
COMPENSATION
*NOTE: PINS SHOWN ARE FOR THE
12PIN TO 8 (“G™) PACKAGE.

v

v

BRIDGE
RETUAN™

) mverting
INPUT (-}

NONINVERTING
INPUT (+)

COMPENSATION

TOP VIEW
*NOTE: PIN 51S SHORTED TO PIN 6 TO OBTAIN A
NOMINAL +5.1V, Vge. LEFT OPEN Vags = +10V.

THE CASE IS ‘SULATED FROM THE CIRCUIT

"

FOR BOTH T0-3 AND T08
Order Number LHO045G or LH0045CG
See Package H12B

TO-3

INVERTING
7 INPUTI-)

___ NON-INVERTING
INPUT (4

BRIDGE
RETURN

TOP VIEW
Order Number LHO045K or LHO045CK
See Package KOBA
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LH0045/LH0045C

Absolute Maximum Ratings

Supply Voltage (L1 to common) +50V
Input Current : +20 mA
Input Voltage (Either Input to Common) 0V to Vger
Differential Input Voltage 20V
Output Current {Either L1 or L2) 50 mA
Reference Output Current 5.0 mA
Power Dissipation
LHO0045G 1.5W
LH0045K 3.0w
Operating Temperature Range
LH0045 -65°C to +125°C
LHO045C —25°C to +85°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
. . ar
Electrical Characteristics (Note 1)
i LIMITS
PARAMETER CONDITIONS LH0045 LH0045C UNITS
-MIN TYP MAX MIN TYP MAX
_Input Otfset Voltage (Vos) Is =4.0mA, T4 = 25°C ' 0.7 2.0 2.0 15 mv
Is =4.0mA 3.0 10 mV
Offset Voltage Temperature Is =4.0mA 3.0 6.0 rv/°c
Coefficient (AVog/AT)
Input Bias Current (lg) Ta = 25°C 0.8 20 1.5 7.0 nA
) 3.0 10 nA
tnput Offset Current (1og) Ta =25°C 0.05 . 02 0.2 1.0 nA
. .l oa 15 nA
Open Loop Alg = 4.0 mA to 20 mA 108 107 108 107 i)
Transconductance (gyoL ) Alg = 10 mA to 50 mA 2x10° 2x107 2x10° 2x107 us
Supply Voltage Range (Vg) 9.0 50 9.0 50 \Y
LHO0045G pins 5 and 6 open 15 50 15 50 v
tnput Voltage Range (Vy) ’ ' 1.0 33 10 33 v
LHO0045G pins 5 and 6 open 1.0 7.6 1.0 76 A
Open Loop Output Vs =10V to 45V, Is = 4.0 mA, 1.0 1.0 MQ
Impedance (Rout) Ta=25°C
Common Mode Rejection AVin = 1.0V 10 3.3V, 0.1 0.05 0.1 0.05 mV/V
Ratio {CMRR) Is=12mA
Power Supply Rejection AVg =10V to 45V, Ig = 12 mA 0.1 0.01 0.1 0.01 mv/v
Ratio (PSRR)
Open Loop Supply Current Vg = 50V 20 30 20 3.0 mA
(IsoL)
Reference Voitage Load Alpge =0mMA to 2.0 mA, 0.05 0.2 0.05 0.2 %
Regulation (AVrge/Alger) Ta =25°C
Reference Voltage Line AVg = 10V to 45V, 0.3 0.5 03 0.7 mv/vV
Regulation (AVgee/AVg) Ta =25°C
Reference Voltage Temperature| Iper = 2.0 mA 0.004 0.004 %/°C
Coefficient (AVpee/AT) . )
Reference Voltage (Vrer! Ilgee = 2.0 mA, T = 26°C 43 5.1 5.9 - 43 5.1 59 Vv
Irer = 20 mA, T, = 25°C, 8.6 10.3 12 8.6 10.3 12 v
LHO0045G pins 5 and 6 open ~
Resistor R9 Is = 12mA, T, = 25°C 95 100 105 95 100 105 Q
Average Temperature Is=12mA 50 300 50 300 PPM/°C
Coefficient of R9 (TCRg) .
Resistor R5 1 =1.0mA, T, = 25°C 950 1000 1050 950 1000 1050 Q
Average Temperature Is =1.0mA 50 300 50 300 PPM/°C
Coefficient of R5 (TCRg)
Input Resistance (R;y) Ta =25°C 50 50 MQ

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 —55°C to +125°C for the LH0045 and —25°C to +85°C for the LH0045C.
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Typical Performance Characteristics
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LHO0045/LH0045C

Typical Applications
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Typical Applications (cont'a)
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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 |,
minimizes fluctuation in the bridge reference
voltage due to.changes in Vg.

In normal operation, the LHO0045/LH0045C is
used in conjunction with an external bridge
comprised of Rgq through Rgg. The bridge
resistors in conjunction with bridge return resistor,
RS, bias A, in its linear region and sense the input
signal; e.g. Rg4 might be a strain sensitive resistor
in a strain gauge bridge. Ry is adjusted to purposely
unbalance the bridge for 4.0 mA output (null)
for zero signal input. This is accomplished by
forcing 2.5uA more through Rgj than Rgg.

The 2.5uA imbalance causes a voltage rise of
(2.51A) x (10092) or 250uV at the .top of Rgg.
Terminal L2 may be viewed as the output of an
op amp whose closed loop gain is approximately
RF/RB3 = 1600.

The 250uV rise at the top of Rgj 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 Rg, 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/1002 or 20 mA
(Full Scale). If Rgg is a resistor of the same
material as R4 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 Rgo on
the gain {span) and Rg on output current must be
taken into account,

Is =4.0 mA (NULL, 0%)
Is =20 mA (100% FULL SCALE}

2.0 mA
-

il
d Ll oy

FIGURE 1. LH0045 Simplified Schematic

Yiz = -04V (NULL)
V(2= =20V (FULL SCALE)
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LH0045/LH0045C

Applications Information (cont)

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 8002 (from
Figure 2) is used, the power at null is {24V —
(4.0 mA) x (80092)] (4.0 mA) = 83 mW. The
power at full scale is [24V — (20 mA) x (80082)]
(20 mA) = 160 mW. The net change is 77 mW,
This change is significantly less than without the
. resistor.

If the supply voltage 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
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SUPPLY VOLTAGE (V)
FIGURE 2. Opti Load Resi: vs Supply Voltage

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 Vggr — Pins 5 and 6 (LH0045G
Only)

The LHO045G provides pins 5 and 6 to allow 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 a nominal 5.1V
(equivalent to the fixed value used in the
LHO0045K).

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
VRer isgivenin the typical electrical characteristics
section. Vgegg may be adjusted about its nominal
value by arranging a pot from Vgegg to common
and feeding a resistor from the wiper into pin 5
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 .
load 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 voitage 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 apptication 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 k2 bridge return resistor is
used to bias A, in its linear region as shown in
Figure 3.
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Applications Information (cont'q)

1.0mA

1.0mA X 1.0ke2=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 LHO045K)
and pin 3, common.

Typically,
» 1
faas : 2w R (Cq + 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 LH0045 will require
potentiometers to trim the initial tolerances of the
sensor, the external resistors and the LH0045 itself.
The preferred adjustment procedure is to stimulate
the sensor, alternating between two known values,
such as zero and full scale. The span and null 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 simutated
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)
c. Supply Voltage = 24V

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

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

Vaer =50V .

Rgy

.0k <
RS R Y 4.0mA (NULL)
10 100k | 20mAFS)
V2 S 10V +
= av
Vin
IRa I
Vyon = 1.0V 1
o V, (NULL) = -04V
o2 v, (F.8) = -2.0V
{ 1.0k 1 (FS)
Re
taspan = 104A 1.6M
AAA
> WV
12 nuie = 087564

FIGURE 4. Design Example Circuit
Selection of Rg

Input bias current to the LHO045C is guaranteed
less than 10 nA. Furthermore, the change in Ig
over the temperature range of interest is typically
under 1.0 nA. If | gpan is selected to be 1.0uA
(1000 A Ig) errors due to A Ig/A T will be less
than 0.1%. For SPAN = 16 mA,

Vspan = AV; == (16 mA}{R9) = —1.6V
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LHO0045/LH0045C

Applications Information (cont'q)

where R9 = Internal Current Set Resistor = 100§
For |2 SPAN = 1.0uA,

V. -1.6V

_SPAN _ T . 1.6M

l2span 1.00A

“ Rg = 1.6 MQ

R

NOTE: For applications with DC gain (ratio of feed-
back and input resistance) less than 8, it is recom-
mended that a Schottky barrier diode be connected
between pin 11 (cathode) and pin 3 (anode). This
prevents the possibility of latch up resulting from the
inverting input being forced beyond the amplifier
supply voltage during power up.

Selection of Rgy and Rg;
The minimum input common mode voltage, V)

required at the pin 10 input of A, is 1.0V.
Furthermore, the maximum open loop supply

_current {lgg, ) drawn by the LH0045 is 3.0 mA.

That leaves Ipyyny = 4.0 mA — 3.0 mA = 1.0 mA
left to bias the bridge at null. Hence:
Vmin 1.0V

Rgp > —N . = 1.0kQ
82 = TN 1.0mA

And,
Vrer Re2
Rg1 *+ Ra2

= 1.0V

VH EF 1.0V
1.0v

= 1.0k {5.1-1.0)
Res = 4.0 kQ

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.

Rg1 = Ra2

Selection of Rgg

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

V2 =Vmin +Vos = Vun

for Vi =0V

Hence, the current required to generate the null
voltage, 1o yuLL is:

Vmin ~ Vi nuLL

lanuLe = P
F

1.0V - (-0.4V)
= ———— = 0.875¢A
1.6 MQ

This current must be provided by Rgpg from
VREF; hence:

_ Verer = Vmin
Ros = ——
la nuLL

The nominal value for Vggg is 5.1V, therefore
the nominal value for Rgg is:

5.1V — 1.0V
0.875u A
Ros = 4.6 MQ

or

It should be noted however, that the variation of
Vgrer may be as high as 5.9V or as low as 4.3V,
Furthermore, the tolerances of R9 (10082}, 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 Vrey:,
R9, Vos, RB1 , Rga, etc.

Selection of R

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

Ispan = Vin R X L
R R9
where:
R = total impedance in signal path between
pin 10 and pin 11
RO = Current setting resistor = 10082
V|n = Full scale input voltage = 100 mV

FIGURE 5. Alternate Biasing Techniques
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Applications Information (cont'q)

(Vin) (Re)
(span) (RO}
R = (100 mV) (1.6 MQ2)

(16 mA) (10082)
R = 100 kQ

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

Summary of the Steps to Determine
External Resistor Values

1. Select leyp scaLe = InurL * Ispan for the
desired application. (lyyp is frequently

4.0 mA and Ifgy L scarLe is frequently
20 mA.)

2. Select |5 gpan SO that it is large compared to
Alg. 1000 Alg is a good value.

3. Determine Vgpan = AV, = {lgpan)(R9).

4. Determine Rg = (Vgpan/l2 span)

5. Select
Vmin
Re2 >
Imin
1VOLT
Rgy 2 ——
InuLe ~IsoL
Where:
Vmin = minimum common mode input
voltage
Imin = minimum available bridge current
IsoL = maximum open loop supply
current

6. Determine

Res = Veer ~ VMin
81 = Rez ———
Vmin

7. Determine V, yurp = InuLL R9

8. Determine

Vmin ~ Va2 nuce

2 nuLL = "
E

9. Determine

_ Vger ~Vmin
Ros = ————
lanuLL

10. Determine

Wi (Re)
{Ispan) (R9)

Where:

V|n = Sensor full scale output voltage

ERROR BUDGET ANALYSIS
Errors Due to Change in VRef (AVREF) ’

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

An overall expression for change in Vggg is:

AVaer
AViger = [(01{(APggs) + ATA]
N J
Thermal Effects
AV
+ —FEF (Avg)
AVg
Supply Voltage Effects
Where:
0 = Thermal resistance, either
junction-to-ambient to junction

to case

APpiss = Change in avg. power dissipation

AT, = Change in ambient temperature

AVgeg Reference voltage drift
AT (in mv/°C)

AVgee

Line regulation of V

AVs g O VRer
Several steps may be taken to minimize the
bracketed terms in the equation above. For
example, operating the LH0O045G with a heat-sink
reduces the thermal resistance from 0,5 = 83°C/W
to 0,c = 60°C/W. For the LHO045K (TO-3)
0,4 = 40°C/W may be reduced to 6,c = 25°C/W
by using a heat sink. The APy gg term may be
significantly reduced using the power minimiza-
tion technique described under “Thermal Con-
siderations.”” For the design example, APpss is

reduced from 384 mW to 77 mW (R = 800%2.).

Evaluating the LHO045G with a heat-sink and

Ry = 80082 yields.
c . \[0.2mv
(0.077W) + 75 c)( o ) ,

0.5 mV

o

AV 7(60
REF W

+

(16V)

AVagr = 24 mV

The LHO045K (TO-3) under the same operating
conditions would exhibit a AVger = 23 mV.

-
I
=
=]
»
o
—
—
I
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=]
L
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LHO0045/LH0045C

Applications Information (cont'd)

An expression for error in the output current
due to AVRgg is:

Al . R A — (1-KN{Av
S - 100“()( osHBVgee) — (1 K)( ner MRe}
Ispan (RIRosIspan)
Where:

AVger = Total change in Vggr

Rs2

K: —_—
Rgy *+ Rg2

R9 = Current set resistor

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

For example, AVggr = 24 mV, K = 0.2, R9 =
10092, Ispan = 16 mA. Hence, a 0.12% worst case
error might be expected in output currents due to
AVger effects.

Error Due to Vgg Drift

One of the primary causes of error in lg is caused
by Vpg 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
driftis:

AVos = [(0){APpss) + ATA]

Where:

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

APpiss = 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 Ry = 800Q2. Comparable Vgg for the
LHO0045K would be 0.254 mV.

The error in output - current due to AVgg st

Al .
S (in%) =100x —2Yos
Ispan VIN (FULL SCALE)
: R
=100 F

* (RIRN(Ispan ]

For the design example, AVgg = 0.263 mV, V iy
(Full 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 self-heating of the device or
by ambient temperature changes.

Alg AR9 .
(in %) = 100 —— {0 Pp 55 + ATA)
span AT
Where:

0 = Thermal resistance either from
junction-to-ambient or junction-to-
case

APpigs = Change in average power dissipation

AT = Change in ambient temperature

AR9
AT

n

TCR of R9

Using the LHO045G design example, AR9/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_ = 8002,
reduces Als/lgpan to 2.3%. Comparable error for
the LHO045K would also be about 2.3%.

The error analysis indicates that the internal
current set resistor, R9 is inadequate to satisfy
high accuracy design criterion. In these instances,
an external 100$2 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 R.

External Causes of Error

The components external to the LHO045 are also
critical in determining errors. Specifically, the
composition of resistors Rgq, Rpog, Rg, 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.




Applications Information (cont'q)

Error Analysis Summary

The overall errors attributable to the LHO0045
may be minimized using heat sinking, and utiliza-
tion of an external load resistor. Although Ry
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
10082 wire wound resistor for R9 equal:

= 0.12% + 0.26% + 0.08% = 0.46%
—— ——

I ‘W—/
SPAN  AVmer AVos  AR9

Definition of Terms

Input Offset Voltage, Vos: The voltage 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, lgg: The difference in the
current into the two input terminals- when the
supply (output) current is 4.0 mA.

Input Resistance, Ryny: 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, gmoL: The ratio
of the supply {output) current SPAN to the input
voltage required to produce that SPAN.

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

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:

G — 12 lead TO-8: Barnes Corp. #MGX-12
© Textool #212-100-323

K- 8lead TO-3:  Robinson Nugent #0002011
Wells #6010—20811

Heat Sinks

G — 12lead TO-8: Thermalloy #2240A

Wakefield #215-CB
K — 8lead TO-3: {ERC #LAIC 3B4V

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 voitage to the change
in supply (output) voltage producing it.

Input Voltage Range, Viy: 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, bi’a\sed off
{(inverting input positive, non-inverting input nega-
tive) and no load on the Vggg terminal.

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

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

‘Reference Voltage Load Regulation, ‘AVREp:/

Alggg: The change in Vgege for a stipulated
change in |gge.
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LH0061/LH0061C

National Amplifiers
Semiconductor

LHO0061/LH0061C 0.5 Amp Wide Band
Operational Amplifier

General Description

The LHO061/LH0061C is a wide band, high speed, LHOO061 is guaranteed over the temperature range
operational amplifier capable of supplying currents -55°C to +125°C; whereas, the LHO061C is guar-
in excess of 0.5 ampere at voltage levels of 12V, 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 suitable heat sink Features

the device is rated at 20 Watts. = Output current 0.5 Amp
The wide bandwidth and high output power capa- : W.lde large signal bandwidth - 1MHz
bilities of the LH0081/LHO0B1C make it ideal for High slew rate 70V/us
such applications as AC servos, deflection yoke = Low standby power . 240 mwW
drivers, capstan drivers, and audio amplifiers. The ® Low input current 300 nA Max

Schematic and Connection Diagrams

come
v, eyt ()t ®--n
an . i
W case ’_’I' e
AAA— -
o " 02 - ouTPUT

N
Nonanv. neut (B

os

R? 12v a
0

TO-3 Package

CASE IS
CuTPUT

TOP VIEW

- Order Numbers:

LH0061K (-55°C to +125°C)
LHO061CK {-25°C to +85°C)
See Package KOBA
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Absolute Maximum Ratings

Supply Voltage +18v

Power Dissipation See Curve
Differential Input Current (Note 2} +10 mA
Input Voltage (Note 3) 15V
Peak Output Current 2A r
Output Short Circuit Duration (Note 4) Continuous =
. o o
Operating Temperature Range LH0061 -55Cto+125°C 8
- o o
LHO061C -25°Cto+85°C N
o (<)
Storage Temperature Range -65Cto+150 C :
g o
Lead Temperature (Soldering, 10 sec) 300°C r
3
. . g
DC Electrical Characteristics (note 1) A
LIMITS (@]
PARAMETER CONDITIONS LHO061 LH0061C UNITS
MIN TYP | MAX [ MIN TYP | MAX
Input Otfset Voltage Rs < 10k, Te = 25°C, Vg = £ 16V 1.0 4.0 3.0 10 mv
Rs < 10k, Vg = t15V 6.0 15 mv
Voitage Drift with Temperature Rg < 10 kS 5 5 uv/°c
Offset Voltage Change with Qutput Power 5 5 uViwate
Input Offset Current Te-25C 30 100 50 200 nA
300 500 nA
Offset Current Drift with Temperature 1 1 nA/SC
Input Bias Current Te-25C 100 300 200 500 nA -
) 1.0 1.0 uA
Input Resistance Tc-25C 0.3 1.0 0.3 1.0 MQ
input Capacitance 3 . 3 pF
Common Mode Rejection Ratio Rs <10k, AVepy = +10V 70 90 60 80 dB
Input Voltage Range Vg = +15V 11 m \
Power Supply Rejection Ratio Rg < 10k{}, AVg = +10V 70 80 50 70 dB
Voltage Gain Vg t15V, Vg = 110V
Ry 1kQ2,Te=25'C 50 100 25 50 V/mV
Vg = +15V, Vg = +10V
R = 2002 5 25 v/mv
Qutput Voltage Swing Vs - 15V, R = 2082 +10 12 10 £12 v
Output Short Circuit Current Vg = 115V, T¢ = 25 C, Rge = 1-002 600 600 mA
Power Supply Current Vg= 15V, Voyur=0 7 10 10 15 mA
Power Consumption Vg = t15V, Vgyyr - 0 210 300 300 450 mwW
- - - N
AC Electrical Characteristics (1;=25, vs==15v,Cc=3000pF)
Slew Rate - Ay = +1, R_ = 10092 25 70 25 70 Vius
Power Bandwidth R = 10082 1 1 MHz
Small Signal Transient Response 30 30 ns
Smalt Signat Overshoot 5 20 10 30 %
Settling Time (0.1%) AV = 10V, Ay = +1 ) 0.8 08 s
Overload Recovery Time 1 1 s
Harmonic Distortion f=1kHz,Pg = 0.5W 0.2 0.2 %

Note 1: Specifications apply for t56V < Vg< :18V, Cc = 3000 pF, and -55°C < Tc < +125°C for the LHOO061K and
-25°C < T¢ £ +85°C for the LHOO61CK. Typical values are for Te= 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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LH0061/LH0061C.

Typical Performance Characteristics
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National
| Semiconductor

Amplifiers

LH0062/LH0062C High Speed FET Operatlonal

Amplifier

General Description

The LH0062/LH0062C 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 compensatlon 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 1us. In
addition it is free of latch-up and may be simply
offset nulled with negligible effect on offset drlft
or CMRR. .

The LHOO062 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 conyersion and multiplex system. The
LHO0062 is specified for the full military tempera-
ture range of -55° 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%) Tus
® Low input foset voltage 2mVv
i Low input offset current 1pA
m Wide supply range *5V to x20V

® internal 6 dB/octave frequency compensation

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

Schematic and Connection Dlagrams
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LH0062/LH0062C

Absolute Maximum Ratings

Supply Voltage 20V Operating Temperature
Power Dissipation {see graph) 500 mW LHO0062, -55°C to +125°C
fnput Voltage {Note 1) 5V LHOO62C, -25°C to +85°C
Differential Input Voltage {Note 2} 30V Storage Temperature Range -65°C to +150°C
Short Circuit Duration Continuous Lead Temperature (Soldering, 10 sec) 300°C
DC Electrical Characteristics (Note 1)
) ' LIMITS
PARAMETER CONDITIONS LH0062 LH0062C UNITS
' MIN | TYp | max | min | TYe | max
Input Offset Voltage Rs < 100k Tpa = 25°C 2 B} 10 15 mV
Rs < 100 kQ 7 20 mv
Temperature Coefficient of Rs <100k 5 25 10 35 uv/°c
Input Offset Voltage
Offset Voltage Drift with Time 4 5 uV/week
Input Offset Current Ta=25°C 0.2 2 1 5 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 0.1 pA/week
laput Bias Current Ta=25C 5 10 10 65 PA
) 10 2 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
{nput Bias Current
Differential Input Resistance 1012 102 Q
Common Mode Input Resistance 10'? 10'? Q
Input Capacitance 4 4’ pF
Input Voltage Range Vg = $15V 10 12 10 12 2
Common Mode Rejection Ratio Rs < 10k, V) = £10V 80 90 70 90 dB
Supply Voltage ﬁejection ﬁau’o Rs < 10k, 25V < Vg < 215V 80 90 70 90 dB
Large Signal Voltage Gain Ry = 2k, Vour = £10V, 50 200 2 160 v/imv
Ta=25°C, Vg =215V R
Ry =2k, Vour = 10V, 25 25 VimV
Vg = t15V
Output Voltage Swing R =2k, T = 25°C, 12 13 +12 %13 \
Vg = £15V :
Ry =2k, Vg = £15V 210 +10 v
Output Current Swing Vour = £10V, T4 = 25°C 10 15 +10 15 mA
Output Resistance 75 75 Q
Output Short Circuit Current Ta =25°C 25 25 mA
Supply Current Vg = 315V 5 8 7 12 mA
Power Consumption Vg = 15V 240 360 mw
__AC Electrical Characteristics (. =25°c,vs=+15v)
‘ : LIMITS
PARAMETER CONDITIONS LH0062 LHO0062C UNITS
MIN TYP '} MAX MIN TYP | MAX
Stew Rate Voltage Follower 50 70 50 70 Vips
Large Signal Bandwidth Voitage Follower 2 2 MHz
Small Signal Bandwidth 15 15 MHz
Rise Time 25 25 ns
Overshoot 0 15 %
Settling Time (0.1%) AV = 10V 1 1 us
QOverload Recovery ) (03] 0.9 us
1nput Noise Voltage Fig= 10k, t, = 10 Hz 150 150 nV/\M
Input Noise Voltage Rs = 10kS2, f, = 100 Hz 13 55 nVi/Hz
Input Noise Voltage Rg = 10k, 1, = 1 kHz 35 35 nvi/Hz
Input Noise Voltage Rs = 10k$2, f, = 10 kHz 30 30 nV/\/H—z
Input Noise Voltage BW = 10 Hz to 10 kHz, Rg = 10 k2 12 12 uVrms
Input Noise Current BW = 10 Hz to 10 kHz <A <A pArms

Nots 1: For supply voltages less than ¢ 15V, the absolute maximum input voltage is equal to 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 specified, these specifications apply for *5V < Vg < +20V and -55°C < Tp < +125°C for the
LHO062 and"-25°C < T4 < +85°C for LHOO062C. Typical values are given for T = 25’°C. Power supphes should be bypassed

with 0.1 uF ceramic capacitors.
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Typical Performance Characteristics
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LHO0062/LH0062C

Typical Performance Characteristics (cont'd)

Input Bias Current
vs Input Voltage
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Auxiliary Circuits
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Auxiliary Circuits (cont'q)
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LH0062/LH0062C

Typical Applications* (contq)

Precision Integrator
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National
Semiconductor

LH0101/LH0101C, LHO101A/LHO101AC

Power Operational Amplifier

General Description

The LHO101 is a wideband power operational amplifier
featuring FET inputs, internal compensation, virtually
no crossover distortion, and rapid settling time. These
features make the LHO101 an ideal choice for DC or AC
servo amplifiers, deflection yoke drives, programmable
power supplies, and disk head positioner amplifiers.
The LHO101 is packaged in an 8 pin TO-3 hermetic pack-
age, rated at 20 watts with a suitable heat sink.

Features

5 Amp peak, 2 Amp continuous output current
300kHz power bandwidth

850mwW siandby power (+15V supplies)
300pA input bias current

10V/uS slew rate

Virtually no crossover distortion

2uS settling time to 0.01%

5 MHz gain bandwidth

Schematic and Connection Diagrams

FEEDBACK

V4

SC+

CASE IS

OUTPUT (CASE)

TOP VIEW

Order Numbers

. LHo101CK
LHO101K

V- LHO101ACK
LHO101AK

See Package KO8BA

NOTE: ELECTRICALLY CONNECTED INTERNALLY,
NO CONNECTION SHOULD BE MADE TO PIN.
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- LHO101/LHO101C/LHO101A/LHO101AC

Absolute Maximum Ratings
Supply Voltage, Vg

Power Dissipation at T =25°C, Pp

+22V
5W

Derate linearly at 25°C/W to zero at 150°C,
Power Dissipation atT¢ =25°C

Derate linearly at 2°C/W to zero at 150°C
Differential Input Voltage, Vin
Input Voltage Range, Vom
Peak Output Current (50ms puise), lo(pk)
Output Short Circuit Duration (within rated power dissipation, -

Rgc =0.35Q, Tp = 25°C)

Operating Temperature Range, Ty

LHO0101, LH0101C
LHO101A, LHO101AC
Storage Temperature Range, Tgtg

Maximum Junction Temperature, Ty

Lead Temperature (Soldering < 10 seconds)

62w

+40V but < Vg
+20V but<+Vg
5A

Continuous

—25°C to +85°C
—55°C to +125°C
—65°Cto +150°C
150°C
300°C

DC Electrical Characteristics (sce Note 1) Vs =15V, Ta =25°C unless otherwise noted

LHO101AC LHo101C
LHO101A LHo101
Symbol Parameter Conditions Min. | Typ. | Max. | Min. | Typ. | Max. | Units
1 3 5 10
Vos Input Offset Voltage " mvV
Tmin < Ta < Tmax 7 15
Change in .
AVos/APp | Input Offset Voltage Note 2 150 300 wiw
with dissipated power ’
Change in
AVog/AT | Input Offset Voltage 10 10 uviI°C
with temperature Vom=0
300 1000 | pA
Ig Input Bias Current LHO101C/AC 60 60
. : TA< TMAX nA
LHO101/A 300 1000
75 250 | pA
los Input Offset Current LHO0101C/AC 15 15
Ta < Tmax nA
. LHO101/A 75 250
AvoL bﬁ:?:gi'g’;" Vo=+10V R =109 50 | 200 50 | 200 Vimv
‘ Rgc=0 |[RL =100Q +11.7 | £12.5 +11.7 |+12.5
Vo Output Voltage Swing| Ay=+1 (R =109 =11 | £11.6 +11 =116 Vv
Note 3 R =5¢Q +10.5| =11 +10.5 | =11
Common Mode : p
CMRR Rejection Ratio AViN==10V 85 | 100 85 | 100 "
Power Supply _
PSRR Rejection Ratio AVg =+5V to +15V 85 | 100 85 | 100
ls 8:':‘:::5“ Supply 28 | 35 28 | 35 | mA
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AC Electrical Characteristics see Note 1, vg= +15V, T,=25°C

LHO101AC LHoO101C
LHO101A LHO101
Symbol Parameter Conditions Min. | Typ. | Max. | Min. [ Typ. | Max.| Units
e, Equivalent input _
noise voltage f=1kHz 25 25 nVivVHz
Cin Input Capacitance f=1MHz 3.0 3.0 pF
Power Bandwidth, —3dB 300 300 kHz
SR Slew Rate 75 10 10 Vius
R =102 (note 4)
te, b Small Signal Rise or _ 200 200 ns
Fall Time Av=+1
Small Signal Overshoot 10 10 %
GBW | Gain-Bandwidth Product 4.0 5.0 5.0 MHz
(note 4)
- RL= «
ts Large Signal Settling 2.0 2.0 us
Time to 0.01%
THD Total Harmonic Distortion ECL’:?OZW f=1kHz 0.008 0.008 %

Note 1: Specification is at Ty =25°C. Actual values at operating temperature may differ from the T, = 25°C value. When supply voltages
are =15V, quiescent operating junction temperature will rise approximately 20°C without heat sinking. Accordingly, Vos may change
0.5mV and Ig and Igg will change significantly during warm-ups. Refer to the | vs. temperature and power dissipation graphs for expected
values. Power supply voltage is =15V. Temperature tests are made only at extremes.

Note 2: Change in offset voltage with dissipated power is due entirely to average device temperature rise and not to differential thermal
feedback effects. Test is performed without any heat sink.

Note 3: At light loads, the output swing may be limited by the second stage rather than the output stage. See the application section
under “Output swing enhancement” for hints on how to obtain extended operation. )

Note 4: These parameters are sample tested to 10% LTPD.
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LHO101/LHO101C/LHO101A/LHO101AC

Typical Performance Characteristics

Maximum Power Dissipation Safe Operating Area
100 T 1T 5 Vi
0C=2"C/W | 3=215V
90 IR 25°C/W 41TA=25°C INFINITE HEAT SINK
€ w z3 ' '
= -
S 1 2
E o= 2,
2 5 N LINFINITE 2,
& HEAT SINK 5
G NG £
3 NO HEAT SINK |
30 N S -2 } t
g A = L - @ﬁ#
N INFINITE HEAT SINK
1 NO HEAT SINK -4 I T I
o 1 -5
0 25 50 75 100 125 -5 <10 -5 0 45 +10 415
 TEMPERATURE (*C) : Vo, OUTPUT VOLTAGE (V)
7 input Bias Current after
Input Bias Current ) Warm-up
100K T 10
— Vg =+15V
Vg = +15V E TAS=25°c
g 1K 2 NO HEAT SINK
g =
Z K S
= =
s ) / e b
S 40 z ]
2 / E |
@
5 10 // Z
3 / z
S £ 2
= L] [
E
1 1
-55 -25 5 35 65 85 125 0 1 2 3 4 5
TC, CASE TEMPERATURE (°C) TIME FROM INITIAL TURN ON (MIN.)
Small Signal Frequency ) Output Voltage Swing
Response (open loop) vs. Frequency
120 - T +180 ’ 28 i
Ta=25°C a N M—.‘{sfz*;?cv
10 xs = +15V 4 Lo Ae:,
L= = -
100 \‘\ We o g AL==
g 8 N § z % \
Z w0 V: u P
3 N S 5 n
F 4 - N g 2
=
2 PHASE N iy 5 8
0 \\ 3 4 \
S
-20 -180 = 0 Hil
10 100 1K 10K 100K 1M 10M 10K 100K ™ 10M
FREQUENCY (Hz) FREQUENCY (Hz)
Power Supply Rejection .
Ratlo vs. Frequency Settling Time
& 100 10 —r—
g Ta=25 Av=—1
e N Vg=+15V Vs = 15V
= 80 = |a=25%C
z N 3 — —
5 w0 \ £ |—mvnNo LoAD
d \\ 2 . ~_AomV 102 LOAD
= = 7 —
g N E i
3 \ > 10mV NO LOAD —]
£ n N i
2 \ '
£ 0 a
£ 10 100 1K 10K 100K 1M 10M 01 2 3 4 5 6 1 8
’ FREQUENCY (Hz) CHANGE IN OUTPUT VOLTAGE FROM ZERO VOLTS

CMRR, COMMON MODE REJECTION RATIO (db) VIN, INPUT VOLTAGE RANGE (V) IS, QUIESCENT POWER SUPPLY CURRENT (mA)

- THD, TOTAL HARMONIC DISTGRTION (%)

50

40

30

20

10

+5

25

20

15

%5

100

80

60

40

20

0

-

e
@

o

Quiescent Power Supply Current

.

—55°C

+15 +20 +25

Vs, POWER SUPPLY VOLTAGE (V)

Input Common-Mode
Voltage Range

positvel,” |~

9

A

7 |/ Neative
v

*15 +20 +25

Vs, SUPPLY VOLTAGE (V)

Common-Mode Rejection
Ratio vs. Frequency

- T
TA=25%
V5= =15V

N

N

N

N

10K 100K 1M 10M

FREQUENCY (Hz)

Total Harmonic
Distortion vs. Frequency

[P0 = Somw

|

PQ = 100mW

|

Po =500mW

I
1t PO =1W

-
=

K 10K 100K

FREQUENCY (Hz)
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THD, TOTAL HARMONIC DISTORTION (%)

Vo, OUTPUT VOLTAGE SWING (V)

Total Harmonic
Distortion vs. Gain

3.0 17T

f=1kHz

| AL=10Q
TA=25°C

Vo =:|5\Il

2.0

\\

1 0 100 1000
GAIN (V/V)

Output Voltage Swing vs.
Load Resistance

+1
TA= +25°C, 125°C !
[ 1 I&%”/I
WITH SWINGFZ]TA = —55°C
ENHANCEMENT | (| LD
I 11
L WITHOUT £
SWING y
=10 _ENHANCEﬂllE'NlII /
Ta=_55% |/
TA =25
V§ = 15V TA=125C
sl L1 [ [l
1 ) 100

RL, LOAD RESISTANCE (@)

€N, EQUIVALENT INPUT NOISE VOLTAGE (nV/\Hz )

R0, OUTPUT RESISTANCE (RQ)

Equivalent Input Noise Voltage

200 LR
L Ta=25C
Vg = =15V
150 7—
100 5\[ H
AL
50 AL
™~
0

10 100 1K 10K 100K
FREQUENCY (Hz)

Open-Loop Output Resistance

20.0 S
1 =10KHz
17.5 V§ = 15V
=25

15.0 \\

12.5
10.0

O B
o o o>
!

s

10, OUTPUT CURRENT (mA)

Short Circuit Current

vs. Rge
10.0 oy
=z [FYszsts
= 5.0 K%
é \ \Y
=3
N
AN
E N
310 N
E Tg=-55°C
£ 05 \{\
g AN\N
0.2 £ =+125C”RNh,
g% Te= 25°C NN
0.1 [WEETI NN
01 02 04 1 2345 10

RsC, CURRENT LIMIT RESISTOR (Q)

10 100 1000

Vo, OUTPUT VOLTAGE SWING (V)

OUTPUT RESISTANCE (Q)

*20

+15

+10

Output Voltage Swing
with Swing Enhancement

-
P A
/
/
/
/
/
vV

+5 +10 +15 *20 +25

0.8
0.6

0.4

Vs, POWER SUPPLY VOLTAGE (V)

Open-Loop Output
Resistance vs. Frequency

Vg = =15V
TaA=25C
L1
1 1ouT = 150mA — g
A -’--—"
gyt =400mA
1K 10K 100K M

FREQUENCY (Hz)
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LHO0101/LHO101C/LHO101A/LHO101AC

Application Hints

Input Voltages

The LHO101 operational amplifier contains JFET input
devices which exhibit high reverse breakdown voltages
from gate to source or drain. This eliminates the need
for input clamp diodes, so that high differential input
voltages may be applied without a large increase in
input current. However, neither input voltage should be
allowed to exceed the negative supply as the resultant
high current flow may destroy the unit.

Exceeding the negative common-mode limit on either -

input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding high
or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier output to a
high state. In neither case does a latch occur since

_raising the input back within the common-mode range

again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output however, if
both inputs exceed the limit, the output of the amplifier
will be forced to a high state.

These amplifiers will operate with the common-mode
input voltage equal to the positive supply. In fact, the
common-mode voltage may exceed the positive supply
by approximately 100 mV, independent of supply voltage
and over the full operating temperature range. The positive
supply may therefore be used as a reference on an input
as, for example, in a supply current monitor and/or limiter.

With the LHO101 there is a temptation to remove the
bias current compensation resistor normally used on
the non-inverting input of a summing amplifier. Direct
connection of the inputs to ground or a low-impedance
voltage source is not recommended with supply volt-
ages greater than 3V. The potential problem involves
loss of one supply which can cause excessive current in
the second supply. Destruction of the IC could result if
the current to the inputs of the device is not limited to
less than 100mA or if there is much more than 1uF
bypass on the supply buss.

Although difficulties can be largely avoided by
installing clamp diodes across the supply lines on every
PC board, a conservative design would include enough
resistance in the input lead to limit current to 10mA if the
input lead is pulled to either supply by internal currents.
This precaution is by no means limited to the LH0101.

Layout Considerations

When working with circuitry capable of resolving pico-
ampere level signals, leakage currents in circuitry exter-
nal to the op amp can significantly degrade perform-
ance. High quality insulation is a must (Kel-F and Teflon
rate high). Proper cleaning of all insulating surfaces to
remove fluxes and other residues is also required. This
includes the IC package as well as sockets and printed
circuit boards. When operating in high humidity environ-
ments or near 0°C, some form of surface coating may be
necessary to provide a moisture barrier.

The effects of board leakage can be minimized by encir-
cling the input circuitry with a conductive guard ring
operated at a potential close to that of the inputs.

Electrostatic shielding of high impedance circuitry is
advisable.

Error voltages can also be generated in the external cir-
cuitry. Thermocouples formed between dissimilar
metals can cause hundreds of microvolts of error in the
presence of temperature gradients.

Since the LHO101 can deliver large output currents,
careful attention should be paid to power supply, power
supply bypassing and load currents. Incorrect
grounding of signal inputs and load can cause signifi-
cant errors.

Every attempt should be made to achieve a single point
ground system as shown in the figure below.

[}
Y+
+ 5 Cex
LHo101
u [
RE V™ .
HVAVAV
>
M i} Vout+
<>
LOAD HIGH
CURRENT
POWER
SUPPLY
GND
Vout—

FIGURE 1. Single-Point Grounding

Bypass capacitor Cgx should be used if the lead lengths
of bypass capacitors Cg are long. If a single point ground
system is not possible, keep signal, load, and power sup-
ply from intermingling as much as possible. For further
information on proper grounding techniques refer to
“Grounding and Shielding Techniques in Instrumenta-
tion” by Morrison, and “Noise Reduction Techniques in
Electronic Systems™” by Ott (both published by John
Wiley and Sons).

Leads or PC board traces to the supply pins, short-cir-
cuit current limit pins, and the output pin must be sub-
stantial enough to handie the high currents that the
LHO101 is capable of producing.

Short Circuit Current Limiting

Should current limiting of the output not be necessary,
SC+ should be shorted to V+and SC— should be
shorted to V—. Remember that the short circuit current
limit is dependent upon the total resistance seen
between the supply and current limit pins. This total
resistance includes the desired resistor plus leads, PC
Board traces, and solder joints.* Assuming a zero TCR
current limit resistor, typical temperature coefficient of
the short circuit will be approximately .3%.

*Short circuit current will be limited to approximately %




Thermal Resistance

The thermal resistance between two points of a conduc-
tive system Is expressed as:

Ti-Ty,
Pp

912 = C/W

where subscript order indicates the direction of heat flow.
A simplified heat transfer circuit for a cased semiconduc-
tor and heat sink system is shown in the figure below.

The circuit is valid only if the system Is in thermal equi-
librium (constant heat flow) and there are, indeed, single
specific temperatures Ty, Tg, and Ts {(no temperature distri-
bution in junction, case, or heat sink). Nevertheless, this is
areasonable approximation of actual performance.

HEAT INPUT JUNCTION TEMP., Ty
INPU
\ eic

CASE TEMP., T

ocs

HEAT SINCE TEMP., Ts
>TE>Ts>Ta L 08A

= AMBIENT TEMP. Tp
FIGURE 2. Semiconductor-Heat Sink Thermal Circuit

The junction-to-case thermal resistance 6,¢ specified in
the data sheet depends upon the material and size of
the package, die size and thickness, and quality of the
die bond to the case or lead frame. The case-to-heat
sink thermal resistance 6¢s depends on the mounting of
the device to the heat sink and upon the area and quality
of the contact surface. Typical 6cs for a TO-3 package is
0.5 to 0.7°C/W, and 0.3 to 0.5°C/W using silicone grease.

The heat sink to ambient thermal resistance 654 depends
on the quality of the heat sink and the ambient conditions

Cooling is normally required to maintain the worst case
operating junction temperature Ty of the device below
the specified maximum value Tymax). Ty can be calcu-

- lated from known operating conditions. Rewriting the
above equation, we find:

T)-Ta,
B W

6ya =

TJ =TA + PDGJA"C
Where: Pp = (Vs = Vour)lout + |V + = (V-)|lg
0ja = 0)c + 6cs + Bsa and Vg = Supply Voltage

6)c for the LHO101 is about 2°C/W.

Stability and Compensation

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize “‘pickup” and maximize the fre-
quency of the feedback pole by minimizing the capa-
citance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device (usually the
inverting input) to ac ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3dB frequncy of the
closed loop gain and consequently there is negligible
effect on stabllity margin. However, if the feedback pole
is less than approximately six times the expected 3dB
frequency a lead capacitor should be placed from the
output to the input of the op amp. The value of the
added capacitor should be such that the RC time con-
sistant of this capacitor and the resistance it parallels

is greater than or equal to the original feedback pole -

time constant.

Some inductive loads may cause output stage oscilla-
tion. A .01uF ceramic capacitor in series with a 10Q
resistor from the output to ground will usually remedy
this situation.

INDUCTIVE
LOAD

FIGURE 3. Driving Inductive Loads

Capacitive loads may be compensated for by traditional
techniques. (See “Operational Amplifiers: Theory and
Practice’” by Roberge, published by Wiley):

CAPACITIVE
LOAD

FIGURE 4. Rc and C¢ Selected to Compensate for
Capacitive Load

A similar but alternative technique may be used for the
LHO101:
v+

CAPACITIVE
LOAD
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LHO0101/LHO101C/LHO101A/LHO101AC

Output Swing Enhancement

When the feedback pin is connected directly to the out-
put, the output voltage swing is limited by the driver
stage and not by output saturation. Output swing can
be increased as shown by taking gain in the output
stage as shown in High Power Voltage Follower with
Swing Enhancement below. Whenever gain is taken in
the output stage, as in swing enhancement, either the
output stage, or the entire op amp must be appropriately
compensated to account for the additional loop gain.

Typical Applications

See AN261 for more information

FIGURE 6. High Power Voitage Follower

Output Resistance

The open loop output resistance of the LH0101 is a func-
tion of the load current. No load output resistance is
approximately 10Q. This decreases to under an ohm for
load currents exceeding 100 mA.

FIGURE 7. High Power Voltage Follower with Swing
Enhancement

FIGURE 8. Restricting Outputs to Positive Voltages only




VREF

DAC1218

[TTTTITTITTT
Do Ut}

100k
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15 ADJUST

FIGURE 10. Power DAC
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"LHO0101/LHO101C/LHO101A/LHO101AC

+40

6.9V
LM198

- +-5 TO +35

-
=
=

A
I

-

=]

=

1l
i
)
F3
o

A, A A -
RSC AAA S
A r—> 570 -35
2
5 _J\ 1

- 0.01 £57T0 +35
M POWER SUPPLY
Rsc ) SOURCE OR SINK
—40 ’

. FIGURE 12. 5 to +35 Power Source or Sink

IR FILTER
N
N

EANNE=

2

N
10T = FsEnse

—_—

DEFLECTION
YOKE

FIGURE 14. CRT Deflection Yoke Driver
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0.1Q
IguT = 200mA/YV

FIGURE 16. High Current Source/Sink

REG . 5v

mv—e ot
- =+
9 )
: VoD vss vss Ve
0;27 SW1-8 .
WR ADR 114}
E AD ous MMSE0s o SPEECH DIGITALKER
s 4-%" INTR ROMEN [
I 0sc
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o/
1.5k
. "
100k é 1 :
4 .0MHz +15V
20pF]

220pF =

FIGURE 17. “DIGISHOUTER”
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LH740A/LH740AC

I 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 slew 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:

® Internal 6 dB/octave frequency compensation
a8 Unity gain slew rate in excess of 6 V/us

® Unity gain bandwidth of 1 MHz

® |nput offset is adjustabie with a single 10k pot
= Pin compatible with LM741, LM709, LM101A.

m Excelient offset current match over tempera-
ture, typicatly 100 pA

® Qutput is continuously short-circuit proof

8 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 bias currents such as integrators, sample 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 is specified for operation over the 0°C
to +85 C temperature range.

Connection Diagram

Order Number LH740AH or LH740ACH

Typical Applicatibns

Integrator

See Package HOBA

Transient Response

i
LS

Offset Null

weutT




Absolute Maximum Ratings

Supply Voltage 122V
Maximum Power Dissipation 500 mW
Difterential Input Voltage 15V
Input Voltage 15V
Short Circuit Duration Continuous
Operating Temperature Range LH740A -55°C 10 +125°C r~
LH740AC 0°C to +85°C T
Storage Temperature Range -65°C to +150°C ~
Lead Temperature {soldering, 10 sec.) 300°C Y
o
. . . 2
Electrical Characteristics (Note 1) (Vs =15V, To=25°C unless otherwise noted) -
~J
LH740A LH740AC EN
PARAMETER CONDITIONS MIN TYP | MAX MIN TYP MAX UNITS o
Input Offset Voltage Rg < 100§ o[ 15 10 [ 20 mv >
Input Offset Current T, = 25°C (Note 2} 40 | 100 60 | 150 pA (@]
input Current (either input) T, = 25°C (Note 2) 100 | 200 100 | 500 pA
Input Resistance T, = 25°C {Note 2) 1,000,000 1,000,000 Mo
Large Signat Voitage Gain Ry 2 2kil Vour = £10V 50,000 | 100,000 50,000 | 100,000 VIV
Output Resistance 75 75 9]
Output Short-Circuit Current 20 20 mA )
Common Mode Rejection Ratio 80 80 dB
Supply Voltage Rejection Ratio 80 . 80 . dB
Supply Current 30 40 30 40 mA
Slew Rate 6.0 6.0 Vius
Unity Gain Bandwidth 1.0 1.0 MHz
Transient Response (Unity Gain) CL<100pF, A = 2k{ V,y = 100mV
Risetime 110 300 ns
Qvershoot * 10} 20 10 %
(These specifications apply for -55"C < Ta <125 Cfor the LH740A and 0°C < T < 85°C for the LH740AC unless otherwise noted.)
Input Voltage Range 112 12 v
Common Mode Rejection Ratio 80 80 dB
Supply Voltage Rejection Ratio 80 80 . dB
Large Signal Voltage Gain 40,000 40,000 VIV
Output Voltage Swing Ry 21082 . 12 £14 12 14 v
R, 22k £10 213 +10 £13 v
Input Offset Voltage 15 20 30 mV
Input Offset Current 100|500 60 | 500 pA
Input Current {either input) 25 40 1.1 50 nA
Offset Voltage Drift Rg < 100K 5.0 50 RrVI°C

Note 1: For supply voltages 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

Maximum Power Open Loop Frequency
Dissipation Response
00 160 T
100 140 Vg = 15V —
- Ta =25°C
H : . A -
T W s A e 2
= =
S 500 = 100
g A 8
o 400 :: 80
3 \ 3
S 00 60
« \\ a
£ 0 > 4
H
100 20
0
(] 50 100 150 200 1 100 10k M 100M
TEMPERATURE {°C) FREQUENCY (Hz)




LH2011/LH2011B/LH2011C

National
Semiconductor

LH2011/LH2011B/LH2011C Dual Operational Amplifiers

General Description

The LH2011 series of dual operational amplifiers containa
pair of LM11 op amps in a single hermetic package, com-
bining the best features of existing bipolar and FET op
amps. The LH2011 is similar to the LH2108A, except that
input currents have been reduced by more than a factor of
ten. Offset voltage and drift have also been improved.

Compared to FETs, the device provides inherently lower
offset voltage and offset voltage drift, along with at least
an order of magnitude better long-term stability. Low fre-
quency noise is also spmewhat reduced. Bias current is
significantly lower even under laboratory conditions, and
the low drift makes compensation practical. Offset cur-
rent is almost unmeasurable. Although not as fast as
FETs, it does have a much lower power drain. This low
dissipation has the added advantage of eliminating warm
up time in critical applications.

- Typical characteristics for 25°C (- 55°C to 125°C) are:

» Offset voltage: 100 pV {200 uV)
e Bias current: 25 pA (65 pA) -

* Offset current: 0.5 pA (3 pA)

o Temperature drift: 1pV/I°C

e Long-term stability: 10 xViyear

The LH2011 is internally compensated, but external com-
pensation may be added for improved frequency stability,
particularly with capacitive loads. .Offset voltage bal-
ancingisalso provided, with the balancerange determined
by a low-resistance potentiometer.

Otherwise, the device is the electrical equivalent of the
LH2108, except that the negative common-mode limit is
0.6V less, performance is specified down to +2.5V
and the guaranteed output drive has been increased to
+2 mA. The input noise is somewhat higher, but amplifier
noise is obscured by resistor noise with higher source
resistances.

The LH2011 has applications as electrometer amplifiers,
charge integrators, analog memories, low frequency ac-
tive filters or for frequency shaping in slow servo loops. It
can be substituted for existing circuits to provide im-
proved performance or eliminate trimming -operations.
The greater precision can also be used to extend the
dynamic range of logarithmic amplifiers, light meters and
solid-state particle detectors.

The LH2011 is manufactured with' standard bipolar proc-
essing using super-gain transistors.

Connection Diagrams

Dual-In-Line Package

Flat Package

comp
Vil

BALANCE {E
C]

[
comp E
T OUTPUT E

INV INPUT

NON-INV INPUT s

BALANCE { 2

L
BALANCE{ |,
v iveut 2| _]\

NON-INV INPUT 13_
7

+

U

>
<

—E QUTPUT » vl E ouTPUT
E COMmP

2] cowe avance { =
E nNe ’ [E b ’1__4_] NG
_E} INPUT nPUT {E _E} INPUT
H |
v g E} BALANCE

1
awl] <[ |[E

o
BALANCE
OUTPUT E EI vt

o

oL

come

Order Number LH2011D, LH2011BD,
or LH2011CD
See Package D16C

vt TOP VIEW

TOP VIEW

Order Number LH2011F
or LH2011BF
See Package F16B
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Absolute Maximum Ratings

Vs - Total Supply Voltage
i Input Current(Note 1)
Pp  PowerDissipationat25°C

Isc

Derate Linearly above 100°C at 100°C/W
Output Short-Circuit Duration (Note 2)

Ty Junction Temperature

Tstg

Storage Temperature Range

Ta  Operating Temperature Range

Lead Temperature (Soldering, 10 seconds)

LH2011CD

LH2011D, LH2011F
LH2011BD, LH2011BF

40V
+10mA
500 mW

Indefinite
150°C
-65°Cto +150°C

—25°Cto +85°C
-55°Cto +125°C
-55°Cto +125°C

300°C

Electrical Characteristics vs = + 15V, Ty =T, < Twax unless noted.

Parameter Conditions LH2011 LH2011B LH201C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Vos Input Offset [ T,=25°C 01 | 03 02 | 06 05 1 v
Voltage 0.6 11 1.3
los input Offset { =257 05 | 10 1 | 10 4 | 25
. A
Current Note 3 3 Q) 50 | P
Ig Input Bias l T,=25°C 25 50 40 100 70 180 A
Current 150 300 a0 | P
Rin Input Resistance 10" 10" 10" Q
AVps/AT | Offset Voltage 1 3 2 5 3 uvI°C
Drift
Alg/AT  Bias Current Drift |Note 4 0.5 15 0.8 3 14 pA/°C
Algs/AT  Offset Current 20 20 50 fA/°C
Drift
Ay Large Signal Vg= %15V T,=25°C
00 0 3
Voltage Gain lo=*2mA Vo= %12V 100 800 100 |3 S 0
Vo= %=11. 15
Voo : :;\?V T,=25°C > > vimy
== 4= 250 | 1200 250 | 1200 90 800
lo=+05mA Vo= =12V
Vo= £ 11.5V 100 100 30
CMRR  Common-Mode [ 1,=25c [ 110 | 130 Mo | 130 9% | 10 8
Rejection Vom= =13V, +14V 100 100 90
PSRR Power Supply [ T,=25°C 100 118 100 18 84 100 B
Rejection Ratio  [Vg= =25V to =20V 96 9% 80
Is Supply Current l T;=25°C 0.3 06 0.3 0.8 03 0.8
- mA
08 1 1
Isc Output Short T,y = Tyax +15 +15 *15 mA
Circuit Current

Note 1: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in ex-
cess of 1V is applied between the inputs unless some limiting resistance is used. In addition, a 2 k2 minimum resistance in each input is advised to avoid
possible latch-up initiated by supply reversals.

Note 2: Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continuous overloads, package dissipa-
tion must be taken into account and heat sinking provided when necessary.
Note 3: These specifications apply fortestat Vg = =15V and Vom = —12.5V (- 13V at 25°C), 14V; Vg = x 20V and Vgpm = 0V, in addition, Vog is also tested at
Vg= +25V and Vcm =0V. )
Note 4: Drift parameters are sample tested to 5% LTPD at the same conditions as Note 3. The values are average-calcul/ated from measurements at 25°C and

125°C.
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LH2011/LH2011B/LH2011C

Typical Characteristics (for singie device)

COMMON-MODE LIMIT (V) OFFSET VOLTAGE DRIFY (uV/°C) INPUT BIAS CURRENT (pA}

SATURATION VOLTAGE (V)

150

100

-50 0 50

1k
500

200
100
50

20

-1

Input Bias Current

25V S Vg <20V

\
N
N LH
N
o \1 S LH2011
20 SN

- N

011C

100
TEMPERATURE {°C)

150

Drift: Single Source
Resistor (Unbalanced)

Ty < Ty < Tuax //
maximum~ Y/
— e o TYPICAL ///
yd
(/ /v
Luznns//l
AN 7
7V
7
LHz011
”I,
108 107 108 109

SOURCE RESISTANCE (©2)

Input Common-Mode Limits

w1
— Ny POSITIVE
+2.5V < Vg < 20V
AVgg <10V
~
\\
NEGATIVE
v [ ]
-50 0 50 100 150
TEMPERATURE (°C}
Output Saturation
Threshold
‘\ vt - 125°C
25°C
N — e _55°C
FrSs ;
==

T T 1
28V < Vg < 215V
AVgg=10pV
AVQg =20 pV (125°C)

PR TT Ay
il
| 7V
0 1 2 3 4

LOAD CURRENT (+mA)

COMMON-MODE REJECTION (dB) NOISE VOLTAGE {nV/\/Hz) INPUT OFFSET CURRENT (pA)

SUPPLY REJECTION (dB)

140
120

100

120

100

80

60

40

20

FREQUENCY (Hz)

Common-Mode Rejection

Input Offset Current
5 rzev <Vg<+20V l
) L
1 |
2 /
A /
AN /
]
-50 0 50 100 150
TEMPERATURE (°C)
Equivalent Input Noise
10k 100
Ty=25°C
5k 50
2% 0
1k \—V 10
~
e i R
‘200 VOLTAGE 2
100 I 1
10 100 1k 10k 100k

T
Vg =15V
I Teiw],
\Avc,\lnmll
CMRR \ Avgs <100 v
-\ 1
\
\
\)
R 01
N
AY
0.01
110 100 % 10k 100k 1M
FREQUENCY (Hz)
Supply Rejection
N
AN
\\
N\ NEGATIVE
\\sumv
N
N
|___POSITIVE N
SUPPLY \\
N\,
ﬁz_
10100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

(ZH//vH) LNIHHEND ISION

{d-dA) 1IN1T M31S IQOWNOWWOD

INPUT NOISE VOLTAGE (uV} INPUT OFFSET VOLTAGE (mV)

VOLTAGE GAIN {dB)

SUPPLY CURRENT {uA)

20

140

130

120

10

100

400

w
S
=1

200

Offset: Single Source
Resistor (Unbalanced)

Ty=25°C 1
MAXIMUM
= e e TYPICAL

//
/7
v /
VA

.

LH2011C

LH20118B,
____—-// Lf
7

S
LH2011
—

108 107 108 108

SOURCE RESISTANCE (Q2)

Input Noise

tmax = 1 Hz
L Rg =100k
Ty=25°C

m\h iy W NMu

WY [l

0 100 200

TIME (s)

300 400

Large Signal Voltage Gain

F<0.0Hz
Vgar =15V
Ry >2 Vg (k)

-55°C ]
/7‘1"//
A2 AT 5%

/// 4".
L

> -~
7 125°C

0 4 8 12 16
SUPPLY VOLTAGE (V)

Supply Current (Each
Amplitier)

- 125°C
25°C

— w— _55°C

=

P

-~
-

1 10
SUPPLY VOLTAGE (V)

100
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Typical Characteristics (Continued) (for single device)

Open Loop Response
T 100

i

Follower Settling Time

Inverter Settling Time
100

>IN 180 SLEW DELAY: = LEW DELAY:
100 LN I r POSITIVE STEP: 70 us % POSITIVE STEP: 70 us
N NPT = Y NEGATIVE STEP: 60 s = \ NEGATIVE STEP: 50 us
a N\ 2 AVgyr = 20V z \ AVgyr =20V
z w 135 £ \ Ry Ry = 20 z \ Ry = Ry = 20k
= NN ~ w 10 s = Ry = 20k w10 \ s = Ry
2 w0 AN ET A ; Vs = £15Y 2 S={RA
o ANN ! 90 a s 3 5 \
2 w0 AN 7 5 g S
[ AN o o« o« \
N -3 o o
S NN -~ = 1 o 1
> N 15 z 3 &
NN w W X
\
0 | e G = 0 N \\ N
—— e C = 1000 pF N 0
-20 - (3] 0.1
01 1 10 100 1k 10k 100k 1M 0 10 20 30 40 50 0 2 4 6 8 10
FREQUENCY (Hz) TIME (us) TIME {us)
/
Stability with Over- Closed Loop Output
Slew Rate Compensation Impedance
1 20 10
il “ImA <1 <ImA 1 * Mour-a1mA "
b1 | =
3| Ay =+1 71 - -
[ 18 T » = 100 )
= e T 7 m g 7 Ay = 1000
2 = 1000 pF, 0 5 e //
2 2 s 74 - 12 2 r
= e ’ / ! i g w0 Y/
T o1 = ,'\ 180 pF, 4.7k E w Ay=1
] 2 0 et e 2
5 1 ‘
& g Y 1A N E 5 ! 4
3 AN 3 B
o =< =3
N 12 + [ S 0
N /L7,
7 0.01 2F, 1500 pF//22k -—— /
001 ! ol i1 11| om
10 100 1 10k 10710 4079 1978 qp77 476 478 10100 1k 10k 100k 1M 1OM

EXTERNAL COMPENSATION CAPACITOR {pF)

Application Hints

When working with circuitry capable of resolving pico-
ampere level signals, leakage currentsin circuitry external
to the op amp can significantly degrade performance.
High quality insulation is a must (Kel-F and Teflon rate
high). Proper cleaning of all insulating surfaces to remove
fluxes and other residues is also required. This includes
the IC package as well as sockets and printed circuit
boards. When operating in high humidity environments or
near 0°C, some form of surface coating may be necessary
to provide a moisture barrier.

The effects of board leakage can be minimized by encir-
cling the input circuitry with a conductive guard ring
operated at a potential close to that of the inputs. For
critical applications, the floating metal lid is best con-
nected to the guard. This might be accomplished with a
dab of conductive paint connecting the metal lid to the
‘no-connection” pin 14.

Electrostatic shielding of high impedance circuitry is
advisable.

Error voltages can also be generated in the external cir-
cuitry. Thermocouples formed between dissimilar metals
can cause hundreds of microvolts of error in the presence
of temperature gradients. The most troublesome thermo-

CAPACITIVE LOAD (F)

FREQUENCY (Hz2)

couples are the junction of the IC package and the printed
circuit board (35 uV/°C for copper-kovar) and internal
resistor connections. Problems can be avoided by keeping
low level circuitry away from heat generating elements.
Mounting the IC directly to the PC board while keeping
package leads short and the input leads close together
can also help.

With the LH2011 there is a temptation to remove the bias-
current-compensation resistor normally used on the non-
inverting input of a summing amplifier. Direct connection
of the inputs to ground or a low-impedance voltage source
is not recommended with supply voltages greater than
about 3V. The potential problem involves the loss of one
supply which can cause excessive current in the second
supply. Destruction of the IC could result if the current to
the input of the device is not limited to less than 100 mA or
if there is much more than 1 F bypass on the supply buss.

Although these difficulties can be largely avoided by in-
stalling clamp diodes across the supply lines on every PC
board, a conservative design would include enough resist-
ance in the input lead to limit current to 10 mA if the input
lead is pulled to either supply by internal currents. This
precaution is by no means limited to the LH2011. '

OLLOZHT/GLI0CHT/EEOCHT



LH2011/LH2011B/LH2011C

Input Guarding Input Protection
Input guarding can drastically reduce surface leakage. Current is limited by R2 even when input is connected to
Layout for the LH2011 is shown here. Guarding both sides voltage source outside common-mode range. If one supply
of board is required. Bulk leakage reduction is less and reverses, current is limited by R1. These resistors do not
depends on guard ring width. affect normal operation.
Gumﬁ . . . R3
. . : INPUT
. R2
OUTPUT COMP v+ 10k

l I 4
. ' ' 16
. 1/2 LH2011 p— OUTPUT

% 15 9
5
+
. ‘. . . R1
1. 2 3 § 7 8 10k
vt S—— V= COMP OUTPUT
BALANCE .

Input resistor limits current when input exceeds supply’
GUARD voltages, when power for op amp is turned off or when out-
put is shorted.

Guard ring is connected to low impedanbe point at same
potential as sensitive input leads. Connections for various

op amp configurations are shown here. s
R1 R2 | R1
|NFUT"W_1'—“——‘\M—— 10k 5
INPUT —AAA—
£ a -
16
1/2 LH2011 p—— ouTPUT
5 Balancing and Over-Compensation
+

Over-compensation will improve stability with capacitive
R3 : loading (see curves). Offset voltage adjustment range is
determined by balance potentiometer resistance as indi-
cated in the table.

vt

ot
) 16
1/2 LH2011 P QUTPUT
5
INPUT +
R ’ R2
A AAA
-err VA
= Min Adj
Range R
ol g
=5mv 100 k@
16 +2 10k
1/2 LH2011 L—— OUTPUT
=1 3k
INPUT e =038 3k tsee stability with
+04 1k over-compensation curve
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Resistance Multiplication

Equivalent feedback resistance is 10 GQ, but only stand-
ard resistors are used. Even though the offset voltage is
multiplied by 100, output offset is actually reduced
because error is dependent on offset current rather than
bias current. Voltage on summing junction is less than
5mV.

R2 R4 ¥
100M 9.9k
1% 1%

R{=R2 {1+ R—S
R4
R2>>R3 /R4
* gain trim

Follower input resistance is 1 GQ. With the input open, off-
set voltage is multiplied by 100, but the added error is not
significant because the op amp offset is low.

Vin

This circuit muitiplies RC time constant to 1000 seconds
and provides low output impedance.

1/2 LH2011 P OUTPUT

T= "—’-9(92 +R3)
R3 .

R1+R3
AVour= = (BR2+ Vos)

A high-input-impedance ac amplifier for a piezoelectric
transducer. Input resistance of 880 M2 and gain of 10 is
obtained.

p— OUTPUT

‘ _[: ]
<
4] < RS
>
1 TM uF S 2m

AAA AAA
A A - A\A AL
R3 R4
R2 @ 510 | 182k
195k S 1%
%
Ry = A1 1+R—2 AV=R2+RS+R4
R3 R2 +R3
Cable Bootstrapping

Bootstfapping input shield for a follower reduces cable
capacitance, leakage, and spurious voltages from cable
flexing. Instability can be avoided with small capacitor on

*input.

16

1/2 LH2011 b— ouTPUT

With summing amplifier, summing node is at virtual
ground so input shield is best grounded. Small feedback
capacitor insures stability.

12 LH2o =S

A1
2k

P QUTPUT

OLLOCHT1/E1H0CHT/1E0ZHT i
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LH2011/LH2011B/LH2011C

Dliferential Amplifiers

This differential amplifier handles high input voltages.
Resistor mismatches and stray capacitors should be
balanced out for best common-mode rejection.

R1 c1
VCM(MAX) = o VouT(MAX) 1
. PR3
Aye B
V=R
Rt
100M
1%
- amAAA
VWA~
INPUTS
2210V MAX
e AAA
VWA
R2
100M p
1% <
(713 —IL 1
Uy
A Vg= =15V
1 trim for dc CMRR
= § trim for ac CMRR

Two op-amp instrumentation amplifier has poor ac
common-mode rejection. This can be improved at the ex-
pense of differential bandwidth with C2.

R5*
22k
1%
AAA
VWA
mt A2
Com 10k
1% 1%
—AAA AA .
VWA~ VWA
- )
L ouTPuT
5
N - -
INPUTS
* gain'set
t trim for dc CMRR
to=10 Hz

High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compensa-
tion. Differential bandwidth is reduced by C1 which also makes common-mode rejection less dependent on matching of input

amplifiers.

S R
200

< > >
L4 g Rs A7

R3tt q* »1: Ratt

INPUTS al m3 3L
2488
o ‘b “.“
>
p 3
> ® RY
< hs <
S < 200
< 1 %

< <
<1 < & 200k
pd Ak ‘blﬁ S

P
\J
R13 RIS
10k 100k
% 1%
AAA—@ AARA
VWA
L 1
RIC* ; )
: p—t 172 LHz01 -
< A
S M ——0.01 4F OR LMY ouTPUT
Ri8$
1
R12 Ate
100k 10k
1% P
AN AAA
VWV VWA - VAN
N A7t
1z tt 10k
- current zero
b
172 LH2011 voltage balance =

*

A 1 gain
© t dc CMRR
** ac CMRR

For moderate-gain instrumentation amplifiers, input amplifiers can be connected as followers. This simplifies circuitry, but

A2 must also have low drift.

R1 R2

10k ™

1% 1%
AAA AAA
Vv Vv

(_ m 5_\

INPUT

A2
/2 LH2011
OR LM11

R1=R3; R2=R4

ttrim for dc CMRR
~ ¥set forac CMRR
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Bias Current Compensation

Precise bias current compensation for use with unreg- This circuit shows how bias current compensation can be
ulated supplies. Reference voltage is available for other used on a voltage follower.
circuitry. v
i LM334
280 uA
RS

240

16
1/2 LH2011 p— OUTPUT

L o,

1/2 LH2011 16 L—OUTPUT

Voltmeter

High-input-impedance millivoltmeter. Input current is proportional to input voltage, about 10 pA at full-scale. Reference éould
be used to make direct reading linear onhmmeter.

A1
20k
A ” A V* v+ &8
< A2 RI6 & -I—
< Gk uk; =
T m
a2
{ 1 2M2907 [
T 3 A
Lmass 74 b3+ ON/OFF
12v < R20
%
[}
BATTERIES
/v 0K
- =
L] [
1777 2N2222 1w
- > [}
b3 > —
R6 S 100M 5>
4
+ &
INPUT
SCALE
1x
° - o
A13
25k
< 1
02 < R1e* R15
a5 A 1t b L) 1.25k
' 100 pA
* 1x scale calibrate
1t 3x scale calibrate : d ,
t includes reversing swilch 1mV 10mv 100 mV 1w
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LH2011/LH2011B/LH2011C

Ammeter

Current meter ranges from 100 pA to 3 mA full-scale. Voltage across input is '100)N atlower ranges rising to 3 mV at 3 mA. Buf-
-current overload. Output can aiso drive DVM or DPM.

m

fers on op amp are to remove ambiguity with high

v
4L R’ !
:: Il:k RANGE
ot .[
mass o
12v
>
< a1
>
S 30k
R4 RS
™16
o< VWA
WMD)
ﬂLI

+
INPUT &
N A cLo A

Current Source

v

a2

A4 s

AAA

LA A o

2N2219

AAA

1 1x scale calibrate
* 3x scale calibrate
¥ includes reversing switch

SCALE
ix N

100 A M1

(o]

02 ] k™ 03
1 1N45? 1N45?

Precision current source has 10 yA to 10 mA ranges with output compliance of 30V to - 5V. Output current is fully adjustable
on each range with a calibrated, ten-turn potentiometer. Error light indicates saturation.

1
{

(>5.4v)

Tart?

ONJOFF

—/ﬁ“

REVERSE

<
<
9

ERROR/
BATTERY

)
BATTERY
I'__rssr
? .

RS
S 15k

. a1
2N4250

RE

MN—O ¢ 1BmA

L AAA~O . 160A

ouTPUT

* calibrate range
tselect for Iggo < 100 pA
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Fast Amplitiers

These inverters have bias current and offset voltage of
LH2011 along with speed of the FET op amps. Open loop
gain is about 140 dB and settling time to 1 mV about 8 us.
Overload-recovery delay can be eliminated by direct cou-
pling the FET amplitier to summing node.

A2
10
ANA
" VWA
10k
INPUT —AAA
C) v & as
LT ol LTI N
<
TPUT
S ou
o1
18457
=
v-
R?
ok
INPUT —~AAA
¢
o —
500 pF
<
: b oureur

3
30pF

This 100x amplifier has small and large signal bandwidth

of 1 MHz. The LH2011 greatly reduces offset voltage, bias
" current and gainerror. Eliminating Iong recovery delay for
greater than 100% overload requ:res direct coupling of A2
to input.

p— OUTPUT

AAA
A4

1L

sz
: 18
AS 172 LH201
. 2w
VWA + 1 a
| s 4918
RS .
3
o we
138 'ﬁ'

Follower has 10 us settling to 1 mV, but signal repetition
frequency should not exceed 10 kHz If the FET amplifier is
ac coupled to input. The circuit does not behave well if
common-mode range is exceeded.

Ct wdarn

0.02 uF =y

£
A
\A4

Heater Control

Proportional control crystal oven heater uses lead/lag
compensation for fast settling. Time constant is changed
with R4 and compensating resistor R5.1f Q2 is inside oven,
a regulated supply.is recommended for 0.1°C control.

33
AR

HéE

<
4',‘51: R! e 2
SR ST 42 uF 0.1 uF
1% B Hig
AAA

—
) M
sxtlx’ B BRI U \.1

A\ AAL 0| &

0.1 4F

¢

\A AL

Hig

c
28v R3 y [1]] ur 0.001 uF
Lo | l
TEMPSET B
as5°c)

* solidtantalum
t myiar
% close thermal coupling between sensor and oven shell is recommended

*

OLLOZHT1/gHI0ZHT/LE0ZHT



LH2011/LH2011B/LH2011C

Leakage Isolation

Switch leakage in this sample and hold does not reach storage capacitor.

* Polystyrene or Tefion

v R1
10k
INPUT @A\
0‘ nz A A A
3IN163 ey | .
1 l‘; -
1/2 L2011 OUTPUT
SAMPLE VA~ ;
oW .
1N457 cié

H]

1 required if protected-
gate switch is used

A peak detector designed for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed before
reaching storage capacitor.

vy
D1 €2
N914 =T 50pF

|N457

30pF

:,’ A2 4
S
03 1/2 LH201
m457 ;
™+ 15
| (O
c3* INNG3
0.22 uF —] )
200 Rat 1000 pF
10K
AA
A A4
RS

Reset is provided for this integrator and switch leakage is
isolated from the summing junction. Greater precision
can be provided if bias-current compensation is included.

o1
R .
INPUT ~=AAA, -
17z izonr FOUTPUT
5
04
a1 o1

=

AA
VWA~
=1
2

* Polystyrene or Teflon
1 required if protected-
gate switch is used

w140
3IN163
j I

ON/O

T

Standard-Cell Buffer

15 QUTPUT

trequired if Q1 has gate-
protection diode
* Poiystyrene or Teflon

300 xs min single pulse
200 xs min repetitive pulse
300 Hz max sine wave error<5 mV

Battery powered buffer amplifier for standard cell has
negligible loading and disconnects cell for low supply

voltage or overload on output.

Indicator diode extin-

guishes as disconnect circuitry is activated.

FF

e

81
WV

+

+

:1uF

y
s
‘: A1
<
STANDARD OUTPUT
CELL ,
S R2
S an
16
Q1A% =/
2N3609
LED
LR A
Qi*
2N3609 a
l 2N2907
S R3 -}
‘) 3.6k 2k

*cannot have gate-protection diode; VTH >VoyT
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Logarithmic Amplifiers

Unusual frequency compensation gives this logarithmic converter a 100 us time constant from 1 mA down to
100 ¢A, increasing from 200 s to 200 ms from 10 nA to 10 pA. Optional bias current compensation cah give 10 pA
resolution from —55°C to 100°C. Scale factor is 1V/decade and temperature compensated.

[2]
470 pF
A2 <L
s.u::
P!
RI0 Q51K
018 sam Q1%
W1 % AAA TV
R13 "
140k
%
——
10pA-1 mA
<SR! . X
:: 1% a. Set R11 for Vout =0 at |y =100 xA
b. Set R8 for Voy1 =3V at I|Ny = 100 xA
c. Set R3 for Voyt = ~4V at ljy = 10 pA
A t 3300 ppmi*C. Type Q209 availabie
= . from Tel Labs, Inc., Manchester, N.H.

Light meter has eigm-decade range. Bias current compensation can give input current resolution of better than
+2 pA over 15°C to 55°C. )

c2
0.0022 uF

R1S
10k

vt

——
Tw
] W
<
ol
T
= v-
>
b3 one
> 12k > 1.2k
) 1
>
:. 1]
b R? > 2k 0
180 284250

<z V™ e AAA

S 30k

<

a2 .
s s /17 Rig*e
b 750 1k
a1 bSEL 4
282484 ) - e
100M
- RS o AAA- 5.6k 0-100 A
100 S +
v~ -

$ Vi=0@ I|y=100nA
t Vi= -024V @ liN=10PA
* M1=0@ ly=10pA

' Mizfg@ IN=1mA

0t &

10pA-1mA
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LH2011/LH2011B/LH2011C

Schematic Diagram (for single device)

BALANCE
20|

COMPENSATION/CLAMP
15 {1}

JERD)

W

>
S RE
> 6.5k

i
’_A 4
a2 ]
<$aig
o
@
R6 032
I
25 a2 o L
R19 €
. >
p:
. L B0S  ap
RIS RIS 50
" "y a VWA
(84
S
16 (8)
ouTPUT
a3 -——{:m
a2
/13
204
MW a4
a3
S a1z
& Al
& 50k 00
]
V-

Definition of Terms

Input offset voltage: That voltage which must be applied
between the input terminals to bias the unloaded outputin
the linear region.

Input offset current: The difference in the currents at the
input terminals when the output is unloaded in the linear
region. ’

Input bias current: The absolute value of the average of
the two input currents.

Input resistance: The ratio of the change in input voltage
tothechange ininput current on either input with the other
grounded.

Large signal voltage gain: The ratio of the specified out-
put voltage swing to the change in differential input
voltage required to produce it.

Common-mode rejection: The ratio of the input voltage
range to the change in offset voltage between the
extremes. .

Temperature drift: The change of a parameter measured
at 25°C and either temperature extreme divided by the
temperature change.

Supply-voltage rejection: The ratio of the specified
supply-voltage change (either or both supplies) to the
change in offset voltage between the extremes.

Supply current: The current required from the power
source to operate the amplifier with the output unloaded
and operating in the linear range.
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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. ® Low offset voltage

For additional information, see the LM101A data ® Low offset current

sheet and National’s Linear Application Handbook. ® Guaranteed drift characteristics
[ ]

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 amplifier

v
BALANCE
QUTPUT
COMPENSATION

CUTPUT

Connection Diagram

NV, INPUT O

BAL/COMPENSATION

NONINV. INPUT O 5

v

" BALANCE
[TV TN} fo hc Sm— ouTPUT
; COMPENSATION
ouTPUT
BAL/COMPENSATION

1
NON INV. INPUT Oy v

Order Number LH2101AD or LH2201AD or LH2301AD, see Package D16C
LH2101AF, LH2201AF, LH2301AF, see Package F16B
LH2101AJ, LH2201AJ, LH2301AJ, see Package J16A

Auxiliary Circuits

Inverting Amplifier with Balancing Circuit Alternate Balancing Circuit Single Pole Compensation

R2

30pF

TMay be zero or equal to parailel combination
of R1 and R2 for minimum otfset

Two Pole Compensation

R 10K
e gy

€ = 305F =
c2-100
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Absolute Maximum Ratings

Supply Voltage 122V Operating Temperature Range  LH2101A -55°C to 125°C
Power Dissipation {Note 1) 500 mW - . LH220tA -25'Cto 85°C
Ditferentia! Input Voitage +30V T LH2301A 0 Cto 70°C
Input Voltage (Note 2) +15V Storage Temperature Range -65'C 10 150°C
Output Short-Circuit Duration Continuous Lead Temperature (Soldering, 10 sec) 300°C

Electrlcal Characterishcs Each Side (Note3)

LH2101AI LH2201A/LH2301A

LIMITS
PARAMETER CONDITIONS UNITS
LH2101A LH2201A LH2301A .
input Otfset Voltage Ta = 25°C, Rg < 50 kS2 20 20 75 X mV Max
Input Offset Current Ta =25°C : 10 10 50 nA Max
Input Bias Current Ta=25C 75 75 250 nA Max
Input Resistance . Ta=25"C 1.5 1.5 0.5 M2 Miq
’ Supply Current Ta = 25°C, Vg = £20V 3.0 33 3.0 mA Max
= 25°C, Vg = 15V . - A
i i - g - 5 50 V/i M
Large Signal Voltage Gain Vour = 10V, R > 2 k§2 0 % mV Min
Input Offset Voltage As< 50k - 3.0 3.0 10 mV Max
Average Temperature .
Coefficient of Input 15 15 30 HV/°C Max
Offset Voitage ’ )
Input Offset Current 20 20 70 nA Max
2;:;"2“!:’::’:;:‘:‘" 25°C < Ta < 125°C 01 01 03 NA/"C Max
- -55° ° . . . 06 A/°C M.
Offset Current 55°C < Ta < 25°C 0.2 0.2 nA/°C Max
Input Bias Current 100 100 300 nA Max
Supply Current Ta= +125°C, Vg = $20V 25 25 mA Max
. y o Vs = £15V, Vo1 = 10V 2 1 Vi .
Large Signal Voltage Gain R, > 2K 25 5 5 mV Min
- Vs = £18V, R, = 10 kS2 12 +12 +12 V Min
Output Voltage Swing R -2kQ 10 110 110 V Min
Input Voltage Range Vg = 220V 15 15 £12 V Min
Common Mode .
Rejection Ratio R <50 k2 80 _ 89 70 dB Min
Supply Voltage R < 50 kS2 80 80 70 dB Min
Rejection Ratio .

Note 1: The maximum junction temperature of the LH2101A is 160°C, while that of the LH2201A is 100°C. For operating tem-
peratures of devices in the fiat package, 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 suppty voltages lens than 15V, the absolute maximum input voltage is equal to the supply voltage.

Noto 3: These specifications apply for t5V < Vg < :20V and ~55°C < Ta < 125°C, unless otherwise specified. With the LH2201A

he , all speci are limited to =265°C '< Ta < 85°C. For the LH2301A these specifications apply for 0°C < Ta< ’
70°C, and +5V < Vg < +16V. Supply current and input voltage range are specified as Vg = t15V for the LH2301A. C4 = 30pF unless
otherwise specified.
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National
Semiconductor

LH2108/LH2208/LH2308,

Operational Amplifiers/Buffers

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
in a single hermetic package. Featuring all the
same performance characteristics of the single
device, these duals also offer closer thermal track-
ing, lower weight, reduced insertion cost, and
smaller size than two single devices. For additional
information see the LM108A or LM108 data sheet
 and National’s Linear Application Handbook.

The LH2108A/LH2108 is specified for operation
over the -55°C to +125°C military temperature
range. The LH2208A/LH2208 is specified for
operation over the.-25°C to +85°C temperature

3

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

Features

®  Low offset current 50 pA

8 Low offset voltage 0.7mV

= Low offset voltage LH2108A 0.3 mV
LH2108 0.7 mV

= Wide input voltage range +15V

8 Wide operating supply range +3V to +20V

Connection Diagram

v

iNV 4
INPUT O=——vg ouTPUT

come
QuTPUT

INPUT
come

NONINV 5
INPUT

v

INV o 12 outeuT
I A o—— comp
ouTPUT
comp
NPUT
vt

NONINV 13
INPUT

Auxiliary Circuits

Standard Compensation Circuit

R1 R2 Rl
-Vins “Vin
>=Vour
Rl LE]
*Vin Yin
R1C
Gs = -
R1 +R2 *Improves rejection
Co =30pF of power supply

Cy noise by a factor
of ten.

Alternate * Frequency Compensation

Cs
I 100 pf 3

Order Number LH2108AD, LH2208AD,
LH2308AD, LH2108D, LH2208D,
. or LH2308D
See Package D16C
Order Number LH2108AF, LH2208AF, .
L.H2308AF, LH2108F, LH2208F,
or LH2308F
See Package F16B
Order Number LH2108AJ, LH2208AJ,
LH2308AJ, LH2108J, LH2208J,
or LH2308J
See Package J16A

Feedforward Compensation

c2

Vour

V80£ZH1/V8022H1/V80IZH T ‘80£ZH1/802ZH1/80L2H1 i



LH2108/LH2208/LH2308, LH2108A/LH2208A/LH2308A

Absolute Maximum Ratings

Supply Voltage +20V Operating Temperature Range

Power Dissipation (Note 1) 500 mW - LH2108A/LH2108 =56°C 1o +125°C

Differentiat Input Current (Note 2) +10mA LH2208A/LH2208 . - —25°C10+85°C

tnput Voltage (Note 3) 15V LH2308A/LH2308 . . ) 0°C 10 +70°C

Qutput Short Circuit Duration ’ Continuous Storage Temperature Range -65°C to +160°C
Lead Temperature {Soldering, 10 sec) 300°C

Electrical Characteristics each side (Note 4)

PARAMETER CONDITIONS LIMIYS x : - UNITS
LH2108 LH2208 ‘LH2308 -
tnput Offset Voltage Ta=25°C : 20 20 15 mV Max
tnput Offset Current . Ta=25C 0.2 .02 1.0 nA Max
Input Bias Current Ta=25C 20 20 .10 nA Max
Input Resistance . Ta=25"C 30 0. :_ N ' | 10 B M Min
Supply Current ' Ta=25°C 06 06 08 | mAMax
Large Signa! Voltage Gain Ta=25C Vs’= 115V 50 50 x 25 ‘ Vimv an. = .
. . . Vour = t10V, R, >10k§2 - N SRS RN T
Input Offset Voltage. 30 “30 {0 T VM T
Average Temperature Coefficient ) T 15 30 | wvremax
of Input Offset Voitage X : -
Input Offset Current v 04 o4 | s rAMEx
Average Temperature Coefficient . s - 25 o 25 R . 110 ) pA/°C Max
of Input Offset Current : [ Co oL
input 8ias Current . . 30 . 30 " 10 - nA Max
Supply Current . . Taz4126C 04 .04 - mAMax | -
Large Signat Voltage Gain Vg = 18V, Vgyr = 10V 25 .25 15 V/imV Min -
R > 10K . i !
Output Vohage Swing Vs = #15V, R = 10 k{2 "3 213 13 V Min
Input Voltage Range . Vg = t15V +135 T n3s 114 V Min
Common Mode Rejection Ratio . 85 85 ' 80 'dﬁ Min
Supply Voltage Rejection Ratio 80 80 80 dB Min
Electrical Characteristics each side (Note 4)
PARAMETER ' CONDITIONS LIMITS ‘ UNITS
LH2108A LH2208A LH2308A
Input Offset Voltage ) Ta=25C 05 0% X3 mV Max
Input Offset Current Taz25¢C 0z | - 02 [ . 10| nAMax
Input Bias Current Ta®25C 20 20 70 * nAMax
tnput Resistance Ta=25C - 30 30 . J 0 MS2 Min
Supblv Current Tax 25'C . 06 0.6 b.s mA Max
Large Signal-Voltage Gain Ta=25CVg- *15Vv 80 80 80 VimV Min
Vour = 110V, R, > 10 k2 IR
tnput Offset Voltage 1.0 0 - 0.73 mV Max
Average Temperature Coefficient 5 5 5 uV/°C Max
- of Input Offset Voltage
Input Offset Current 0.4 04 15 nA Max
Average Temperature Coeflicient 2.5 25 10 pA/°C Max
of Input Otfset Current
Input Bias Current 30 30 10 nA Max
Suppty Current Ta=+125C 0.4 0.4 - mA Max
Large Signal Voltage Gain . Vg = *15V, Vour'= 110V 40 40 60 VimV Min
. R, > 10 K2 :
Output Voltage Swing Vg = 115V, R = 10kQ2 L 13 013 v Min
Input Voltage Range Vg = 115V 1135 ‘138 RTINS VMin
Common Mode Rejection Ratio 96 - 96 96 dB Min
Supply Voltage Rejection Ratio; 96 96 96 d8 Min

Note 1: The maximum iUnclion temperature of the LH2108A/LH2108 is 150°C, while 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 conduclors. The thermat 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 prolection. Therefore, excessive current will flow if a differential 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 equal to the supplv voltage.

Note 4: These specifications apply for +5V « Vg < 120V and -56°C < Tp < 125°C, unless otherwise specified. With the LH2208AILH2208
however, all temperature specifications are limited to -25°C < Ta < 85°C and with the LH2308AILH23OB for t5V < VS < 15V and
0°C < Ta = 70°C. .
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National
Semiconductor

LH24250/LH24250C Dual Programmable

Micropower Op Amp

General Description

The LH24250/LH24250C series of dual programmable
micropower operational amplifiers are two LM4250 type
op amps In a single hermetic package. Featuring all the
same performance characteristics of the LM4250, the
LH24250/LLH24250C duals also offer closer thermal
tracking, lower weight, reduced insertion cost and
smaller size than two single devices. For additional in-
formation, see the LM4250 data sheet and National's
Linear Application Handbook. :

Features

B +1V to +18V power supply operation
® Standby power consumption as low as 20 uW

m Offset current programmable from less than 0.5 nA
to 30 nA : i

W Programmable slew rate
® May be shut-down using standard open collector TTL
=B |nternally compensated and short circuit proof

Connection Diagram and Auxiliary Circuit

T
!
f

ouTPUT

m:’t‘x‘{ [o— BALANCE

ISET

NON-NV 8
INPUT

v

BALANCE

|

ouTPUT

INV fo 12
INPUT

ISET
v

NON-INV o 13
INPUT

Offset Null Circuit

Ordering Information
Order Number LH24250D or LH24250CD, See Package D16C
LH24250F or LH24250CF, See Package F16B
LH24250J or LH24250CJ, See Package J16A

Typical Quiescent Current Settinvg Resistor

Set Current Setting Resistor to V—

Iser
Vs 0.1 uA 0.5uA | 1.0uA 5 uA 10 A

1.6V 25.6 MQ 5.04 M2| 2.5M0 | 492kS2 244 k2

+3.0v 55.6 MQ 11.0M82 | 5.5MQ 1.09MQ | 544k

6.0V 116 MQ 23.0MQ {11.5MQ 2.29 MQ 1.14 M2

9.0V 176 MY 35.0M [17.5 M0 3.49 MQ 1.74 MQ
$12.0v 236 MQ 47.0M0Q |23.5 M 4.69 MQ 2.34MQ
$15.0v 296 MQY 59.0 M2 {29.5 M2 5.89 MQ2 2.94MQ

Quiescent Current (Io)

vs IseT
1000 vr
Ta=25C
100
<
3
s 10
= |1E ve = 115V J@vs = s1sv[]]
7
1
! 7
A
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LH24250/LH24250C

Absolute Maximum Ratings

Supply Voltage

Power Dissipation (Note 1)
Differential Input Voltage
Input Voltage (Note 2)

Isgr Current

Electrical Characteristics 1124250, each amplifier (-55°C < TA<125°C unless otherwise specified)

+18V Output Short-Circuit Duration
500mW Operating Temperature Range LH24250
+15V LH24250C
+15V Storage Temperature Range
150pA Lead Temperature (Soldering, 10 sec)

Continuous

—-55°Cto 125°C

0°Cto 70°C

—-65°Cto 150°C

300°C

Vg= +1.5V
Parameters Conditions Iser=1uA Isgr =10uA Units
Min. Max. Min. Max.
Vos Ta=25°C, Rg<100kQ 3 5 mV
Clos - Ta=25°C 3 10 nA
Ibias Ta=25°C 7.5 50 nA
Large Signal Voltage Gain Ta=25°C, R_ = 100kQ 40 k
‘ Vo= £0.6V, R =10kQ 50 k
Supply Current Ta=25°C 75 80 wA
Power Consumption Ta=25°C 23 240 uW
Vos Rg<10kQ 4 -6 mV
los Ta=25°C 5 10 nA
Ta=25°C 3 10 nA
Ibias 7.5 50 nA
Input Voltage Range +0.7 +0.7 \
Large Signal Voltage Gain Vo = 0.6V, R_=100kQ 30 k
_ RL=10kQ 30 k
Output Voltage Swing R =100kQ +0.6 \"
R =10kR +0.6 \'
Common Mode Rejection Ratio Rs<10kQ 70 70 dB
Supply Voltage Rejection Ration | Rg<10kQ 76 76 dB
Supply Current : 8 90 uA
Power Consumption 24 270 uW
VS == 15V
Parameters Conditions lser =1uA Isgr = 10LA Units
Min. Max. Min. Max.
Vos Ta=25°C, Rg<10kQ 3 5 mV
los Ta=25°C 3 10 na
Ibias Ta=25°C 7.5 50 nA
Large Signal Voltage Gain Ta=25°C, R, =100kQ 100 k
Vo= 10V, R = 10kQ 100 k
Supply Current Ta=25°C 10 90 uA
Power Consumption Ta=25°C 300 2.7 uWimw
Vos Rs<10kQ 4 6 mV
los Ta=25°C 25 25 nA
Ta=25°C 3 10 nA
Iblas 75 50 nA
Input Voltage Range - +13.5 +13.5 \
Large Signal Voltage Gain Vo= x15V, R =100Q 50 k
R_=10kQ 50 K
Output Voltage Swing R_=100kQ +12 Vv
RL=10kQ *12 \
Common Mode Rejection Ratio Rs<10kQ 70 70 dB
Supply Voltage Rejection ratio Rg<10kQ 76 76 dB
Supply Current ’ i 100 uA
Power Consumption 330 3 uWimW

Note 1: The maximum junction temperature of the LH24250 is 150°C, while that of the LH24250C is 100°C. The thermal resistance of the
dual-in-line package is 100°C/W junction to ambient. For the flat package, the derating is based on a thermal resistance of 185°C/W
when mounted on a 1/16 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors.

Note 2: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
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Electrical Characteristics 1H24250C, each amplifier (0°C < Ta<70°C unless otherwlse specified)

Vg= 1.5V
Parameters Conditions lser=1uA Isgr = 104A Units
Min. Max. Min. Max.
Vos Ta=25°C, Rg<100kQ 5 6 mV
los Ta= 25°C 6 20 nA
Iblas Ta=25°C 10 75 nA .
Large Signal Voltage Gain Tp =25°C, R = 100kQ 25 k
Vo= 20.6V, R =10kQ 25 k
Supply Current Ta=25°C 8 90 uA
Power Consumption Ta=25°C 24 270 uw
Vos Rs<10kQ 6.5 75 mV
los ' 8 25 nA
loias 10 80 nA
Input Voltage Range : +0.6 +0.6 v
Large Signal Voltage Gain Vo = x0.6V, R =100kQ 25 k
RL=10k® 25 k
Output Voltage Swing Ry = 100kQ +0.6 \
"RL=10kQ +0.6 v
Common Mode Rejection Ratio Rs<10kQ 70 70 dB
Supply Voltage Rejection Ration | Rg<10kQ 74 74 dB
Supply Current 8 90 uA
Power Consumption 24 270 uw
Vg = x15V
Parameters Conditions lser=1HA lser =10pA Units
Min. | Max. Min. Max.
Vos Tp=25°C, Rg<10k® 5 6 mv
los Ta=25°C 6 20 na
Iblas X TA =25°C 10 75 nA
Large Signal Voltage Gain Ta =25°C, Ry = 100kQ 60 Kk
Vo= 10V, R =10kQ 60 k
Supply Current Ta=25°C 1 100 uA
Power Consumption Ta=25°C 330 3 uW/mwW
Vos Rs<10kQ 6.5 7.5 mV
los Rs<10kQ 8 25 nA
lblas 10 80 nA
Input Voitage Range +13.5 +13.5 v
Large Signal Voltage Gain Vo= %15V, R =100Q 50 -k
R =10kQ 50 k
Output Voltage Swing Ry = 100kQ +12 V.
R =10k +12 v
Common Mode Rejection Ratio Rs<10kQ 70 70 dB
Supply Voltage Rejection ratio Rs<10kQ 74 74 dB
Supply Current 1" 100 uA
Power Consumption 300 3 uWimw
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LH24250/LH24250C

Typical Performance Charateristics

Input Bias Current vs

Input Bias Current vs lggt Temperature )
1000 rrrr—r -40
(oot 1] 1]
1 Iser = 10 A Vs = 1.5V
0 : T
_ Vs = £ 15V
< e T -0
S Vs =215V A v 15V % N
4 m H .
Kl i £ 0
: Iser = 1A Vg = 1.5V
1 - 13
0 Vs=15V
K 10 [ 11
a 1 "0 100 -60 -20 20 60 100 140
lser (uA) TEMPERATURE ("C)

Iq (uA)

0
60
40
50
30
20

Quiescent Current (Ig) vs

Temperature
11 T 1
[—flser=10uA 1 Vg=:15V_]
o — Vs = 415V ]
T rser=14A V=215V ]
T T =v:s==: 15V ]

-60  -20 20 60 100 140
TEMPERATURE ("C)
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Section 2. Buffer Amplifiers

Voltage Part Number )
‘Gain Output Slew Input -55°Cto | —25°C to Page
Features (min.) Current Rate Impedance 125°C 85°C Number
Bipolar Input, medium speed 0.95 +100mA 200 Vius 180kQ LHO002H { LHO0002CH 2-4
LHO0002CN 2-4
FET Input, high speed 0.97 +100mA 1000 Vius 1010Q LH0033G | LH0033CG 2-7
LH0033CJ 2-7
FET Input, very high speed 0.95 +250mA | 6000Vius 1010Q LH0063K | LHO0B3CK 2-7
Bipolar Input, dual 0.999 +24mA 30Vius 1010Q LH2110 LH2210 2-18
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" LHO002/LH0002C

National |
Semiconductor

Operational Amplifiers/Buffers

LHO0002/LH0002C Current Amplifier

General Description

The LH0002/LHO002C is a general purpose thick
film hybrid current amplifier that is built on a
single substrate. The circuit features:

® High Input impedance 400 k2

® Low Output Impedance - - 652 .

High Power Efficiency ‘
Low Harmonic Distortion
DC to 30 MHz Bandwidth

Voltage - . :
= 400 mAvaulsed Qutput Current

= Slew rate is typically 200V/us
= QOperation from 35V to 20V

These features make it ideal to integrate with an
operational amplifier inside a closed loop configu-

Output Voltage Swing that Approaches qubly R

ration to increase current output. The symmetrical -

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

The LHO002 is available in ,ari 8-lead low-profile
.TO-5 header; the LHOO002C is also available in an

8-lead' TO-5, -and a 10-pin molded dual-in-line

. backage.

The LHO002 is specified for operation over the
-55°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

v .
P

[PU]

Pin numbers in parentheses denote pin
connections for dual-inline package.

Typical Applications

High Current Operational Amplifier

LY Vge 1SV T0 15V

Rt
WY —AAA-4

<
=

g
L

*Previously called NH0O002/NH0002C

Dual-In-Line Package

Metal Can Package

v, m—

1

v, —

ot —’-%— LI

vt

.
Vi —

invyT

& ouTeyT
toverviEw

Order Number LHO002CN
See Package N10B

p— ouTPUY

ToPvIEw

Order Number LHO002H or LH0002CH
See Package HOBA

Line Driver

SELECT CAPACITOR TO ADJUST
TIME RESPONSE OF PULSE.

SONTCANLE
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Absolute Maximum Ratings

Supply Voltage +22V
Power Dissipation Ambient 600 mW
Input Volitage (Equal to Power Supply Voltage)
Storage Temperature Range —-65°Cto +150°C
Operating Temperature Range
LH0002 -55°Cto +125°C
LH0002C 0°Gto +85°C
Steady State Output Current +100mA
Pulsed Output Current (50ms On/1 sec. Off) +400mA
Electrical Characteristics (Note 1)
Parameter Conditions Min. | Typ. | Max. | Units
Voltage Gain Rg=10kQ, R =1.0kQ, Vjy=+10V 0.95 0.97
AC Current Gain Vin=1.0V/ns, f =1.0kHz 40 Alma
Input Impedanca Rg =200kQ, Viy=+1.0V, R =1.0kQ 180 400 — kR
Output Impedance Vin=210V, R =509, Rg=10kQ — 6.0 10 Q
Output Voltage Swing Ry =1.0kQ, Vjy =+12V +10 +11 — v
Output Voitage Swing Vg =x15V, Vjy =+12V, Rg=50Q, R, =100Q, TA=25°C| =10 \'%
DC Output Offset Voltage | Rg=3009, R_=1.0kQ ' - +10 +30 mv
DC Input Offset Current Rg =10kQ, R =1.0kQ — +6.0 +10 uA
Harmonic Distortion Vin=5.0Vins, f =1.0kHz — 0.1 - %
Rise Time R =509, AV|y =100mV 7.0 12 ns
Positive Supply Current Rg =10kQ, R =1.0kQ - +6.0 +10 mA
Rg=10kQ, R =1.0kQ - -6.0 -10 mA

Negative Supply Current

Note 1: Specification applies for Tp = 25°C with +12V on Pins 1and 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 otherwise specified. The parameter guarantees for LH0002C apply
over the temperature range of 0°C to +85°C, while parameters for the LH0002 are guaranteed over the temperature range —55°C to 125°C

unless otherwise specified.
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LH0002/LH0002C

Typical Performance

INPUT IMPEDANCE (kS2}

INPUT AND QUTPUT PULSE (V)

POWER DISSIPATION (watts}

Maximum Power Dissipation

Frequency Response
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I National
Semiconductor

Buffers

LHO0033/LH0033C, LH00631LH0063C Fast and
Damn Fast Buffer Amplifiers

General Description

The LH0033/LH0033C and LH0063/LLH0063C are
high speed, FET input, voltage 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
5012 loads (+500 mA peak) at slew rates of up to
6000V/us. In addition, both exhibit excellent
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 LH0063/LHO063C can continuousty
" drive 502 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

u Qutput drive adequate for most loads
® Single pre-calibrated package

Features

s Damn fast (LHO063) 6000V /us
®m Wide range single or dual supply operation
m Wide power bandwidth DC to 100 MHz
& High output drive 10V with 5082 load
®  Low phase non-linearity 2 degrees
® Fast rise times 2ns
® High current gain 120dB
= 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 LHO063 are specified for opera-
tion from =55°C to +1 25°C; whereas, the LH0033C
and LHOO63C 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.

Connection Diagrams

Metal Can Package

Dual-In-Line Package Metal Can Package

INPUT ]

OFFSET 2
PRESET

OFFSET k]
ADJUST

OU“UT—‘-

/6\ ~
ve' L 2NN\ v

= (BR)
P o

ADJUST NC

TOP VIEW
CASE ISELECTRICALLY
ISOLATED

Order Number LHO033G or LH0033CG
See Package H12B

Order Number LH0033J or LH0033CJ
See Package HY08A

S——" S OFESET
INPUT o) PRESET
TOP VIEW

CASE ISELECTRICALLY
1SOLATED

TOP VIEW

Order Number LH0063K or LH0063CK
See Package KOBA
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LH0033/LH0033C,
LHO063/LH0063C

Absolute Maximum Ratings

Supply Voitage v -v7)

40V

Maximum Power Dissipation (See Curves)

LHO0063/LH0063C
LH0033/1.H0033C

Maximum Junction Temperature

input Voltage
Continuous Output Current

5W

1.5W

175°C

Equal to Supplies

Peak Output Current
LHO063/LH0063C
LH0033/LH0033C

Operating Temperature Range
LH0033 and LH0063
LHO0033C and LHO063C

Storage Temperature Range

500 mA
2650 mA

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

LHO063/LH0063C +250 mA Lead Temperature (Soldering,_w sec) 300°C
LHO033/LH0033C +100 mA
DC Electrical Characteristics Vg =15V, Tyin < Ta < Tuax unless otherwise specified
Limits
Parameter Conditions LH0033 LH0033C Units
‘ Min. | Typ. | Max. | Min. | Typ. | Max.
Output Offset Rg=100Q, T;=25°C, Viy=0V 5.0 10 12 20 mV
Voltage (see note 1)
Rg=100Q 15 25 mV
Average Temperature | Rg=100Q, Viy=0V 50 50 uvi°C
Coefficient of
Offset Voltage
Input Bias ViN=0V T, =25°C (Note 1) 250" 500 |. pA
Current Ta=25°C (Note 2) 25 50 | nA
Ty=Ta=TMmAx -10 20 nA
Voltage Gain Vo=+10V, Rg=100Q, R =1.0kQ 097 | 098 | 1.00 | 096 | 098 1.00 VIV
Input Impedance RL=1kQ 1010 - | 101 1010 on Q
Output Impedance Vin=%1.0V, R . =1.0k 6.0 10 6.0 10 Q
Output Voltage Vi=+14V, R =1.0k +12 +12 \
Swing V=+10.5V, R =100Q, To =25°C +9.0 +9.0 \
Supply Current Vin=0V 20 22. 21 24 mA
Power Consumption | Viy=0V 600 | 660 630 | 720 | mw
Note 1 is Note 2 of LH0032
“Note 2 is Note 3 of LH0032 .
AC Electrical Characteristics 1.-=25°c, vs =15V, Rs =502, R_ = 1.0k2
Limits
Parameter Conditions LH0033 LH0033C Units
} Min. Typ. | Max. | Min. | Typ. | Max.
Slew Rate ViN =210V 1000 | 1500 1000 | 1400 Vius
Bandwidth - Vin = 1.0V 100 100 MHz
Phase Non-Linearity BW=1.0 to 20MHz 2.0 2.0 degrees
Rise Time AVIN=0.5V 29 3.2 ns
Propagation Delay AViN=0.5V 1.2 : 1.5 ns
. Harmonic Distortion | f> 1kHz <0.1 <0.1 %

Note 1: Specification is at 25°C junction temperature due to requirements of high-speed automatic testing. Actual values at operating
temperature will exceed the value at T;=25°C. When supply voltages are +15V, no-load operating junction temperature may rise
40-60°C above ambient and more under load conditions. Accordingly, Vos may change one to several mV, and lg will change signifi-

cantly during warm-up. Refer to Ig vs. temperature graph for expected values.

Note 2: Measured in stitl air 7 minutes after application of power.
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DC Electrical Characteristics Vs =215V, Tuin < Ta < Tyax Unless otherwise speclfiéd

Limits
Parameter Conditions LH0063 LH0063C Units
Min. Typ. | Max. | Min. Typ. | Max.
_ Output Offset Rs < 100k, Ty=25°C 10 25 10 50 mV
- R.=100Q 100 100 mV
Average Temperature | Rs < 100k 300 30 [ |avrc
Coefficient of
Output Offset
Volitage
Input Bias T;=25°C 0.1 0.1 nA
Current 10-5 5-5
Voltage Gain Vin=%10V, Rg < 100kQ, R = 1kQ 094 | 0.96 1.0 0.94 | 0.96 1.0 viv
Voltage Gain Vin==10V, Rg < 100kQ, R =509, 092 | 093 | 098 | 0.91 0.93 | 0.98 %
T;=25°C
Input Capacitance Case Shorted to Output 8.0 8.0 pF
Output Impedance Voutr =+10V, Rg € 100k, R =50Q 1.0 4.0 1.0 4.0 Q
Output Current Vin==10V, Rg < 100kQ 0.2 0.25 0.2 0.25 Amps
Swing
Output Voitage R.=50Q +10 +13 +10 +13 \
Swing
Output Voltage Vs=+5.0V, R  =50Q, T;=25°C 5.0 7.0 5.09 7.0 v
Swing '
Supply Current Ty=25°C, R =, Vg=+15V 35 65 35 65 mA
Supply Current Vg=15.0V 50 50 mA
Power Consumption | T;=25°C, R =, Vg=+15V 1.05 1.85 1.05 | 1.95 w
Power Consumption | Vg=+5.0V 500 500 mw
AC Electrical Characteristics LHoos3/LHo063C (T, =25°C, Vs =215V, Rg =50k, R =509)
Limits
Parameter Conditions LHO0063 LH0063C Units
Min. Typ. | Max. | Min. Typ. | Max.
Slew Rate R =1.0kQ, V=10V 6000 6000 Vius
Slew Rate R =509, Viy=%10V, T; =25°C 2000 | 2400 2000 | 2400 Vius
Bandwidth Vin=1.0Vims 200 200 MHz
Phase Non-Linearity | BW=1.0 to 20MHz 2.0 2.0 degrees
Rise Time AViN=0.5V 1.6 1.9 ns
Ptopagation Delay AViN=05V 1.9 2.1 ns
Harmonic Distortion <0.1 <0.1 %

Note 1: Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, -15V applied to pins 9 and 10, and pin
6 shorted to pin 7 for the LH0033/LH0033C. For the LH0063/LH0063C, specifilcations apply for +15V applied to pins 1 and 2, =15V applied
to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a temperature range of ~55°C < T, € +125°C

for the LH0033 and LH0063; and —25°C < T; < +85°C for the LH0033C and LH0063C. Typical values shown are for T;=25°C.
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LHO0033/LH0033C,
LH0063/LH0063C

Typical Performance Characteristics
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Typical Performance Characteristics (continued)

LH0033 Input Bias Current

vs Temperature LH0063 Input Current LHO0063 Frequency Response
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Application Hints
Recommended Layout Precautions: RF/video
printed circuit board layout rules should be fol- T O
lowed when using the LH0033 and LHO063 since
they will provide power gain to frequencies over o
100 MHz. Ground planes are recommended and (oFER)
power supplies should be decoupled at each device it

with low 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)

2005

Offset Valtage Adjustment: Both the LH0033's
and LH00B3'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 oreser
to be used in most DC or AC applications without (OPEN)
individually offset nulling each device. If offset OFFSET

null is desirable, it is simply obtained by leaving ADAST

the offset preset pin open and connecting a trim
pot of 10052 for the LHOO33 or 1 k2 for the
LHO0063 between the offset adjust pin and V~
as illustrated in Figures 1 and 2. FIGURE 2. Offset Zero Adjust for LH0063

211



LHO0033/LH0033C,
LHO0063/LH0063C

Applications Hints (contq)

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 V¥ = +5V 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:

v -v) b
Avosu—A\,).T—:.OOB(V -V’

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

vt = Positive supply voltage

V= Negative supply voltage

For the above example, AVo 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 illustrated in the “‘typical applications”
section. ’ i

Short Circuit Protection: In order to optimize
transient response and output swing, output cur-
rent limit has been omitted from the LHO0033
and LHO063. Short circuit protection may be
added by inserting appropriate value resistors
between V' and Ve pins and V™ and Ve pins

i

FIGURE 3. LH0033 Using Resistor Current Limiting

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

vt v
Ry &2— = —
Isc  lsc
where:  Igc < 100 mA for LH0033

isc < 250 mA for LH0063

The inclusion of limiting resistors in the collectors
of the output transistors reduces output voltage
swing. Decoupling Vc+ and V¢~ pins with ca-
pacitors to ground will retain full output swing
for transient pulses. Alternate active current limit
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 voltage to the
Ve pins. Under fault conditions, the voltage de-
creases as required by the overload. For Figure 5:

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

Ve 6V i

RLIM

T3 s ~ 173 (200 mA)

FIGURE 4. LHO063 Using Resistor Current Limiting




Applications Hints (cont'q)

01 = 02 = 2N2905
Q3= Q4 - 2N2218

Q -15v

FIGURE 5. LH0033 Current Limiting. Using Current
Sources :

" FIGURE 6.-LH0063 Current .Limiting Using Current
. Sources .

Capacitive Loading: Bbth the LH0033 and LH0063 . and for tfxe LHD063: ‘

are designed to drive capacitive loads such as co-

axial cables in excess of several thousand picofarads ) . o AV ‘
without susceptibility to oscillation. However, : ( 'N)
peak current resulting from (c x dy, /d,) shouid be At

limited below absolute maximum peak current
ratings for the devices.

Thus for the LH0033:

AV
( A;“)xcL < igur < £250 mA

X C.

<

lour < $500 mA

2-13
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LHO0033/LH0033C,
LHO0063/LH0063C

Applications Hints (cont'd)

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

Pas 2 Ppc + Pac

pkg

Pais = (VI=VT) X Ig + P
pkg

i

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, LHO0062, or LM118. An isolation

Schematic Diagrams

LHO0033/LH0033C

/<

INPUT O \' NORMALLY
’ SHORTED

\l NORMALLY
J swoteo

<\

ADJUST ‘e ¥ PRESET
NORMALLY

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

resistor of 4752 should be used between the op
amp output and the input of LH0033. The wide
bandwidths and high slew rates of the LH0033
and LHOOG3 assure that the loop has the charac-
teristics of the op amp and that additional rolloff
is not required.

Hardware: In order to utilize the full 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 LH0063 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 0.1uF ceramic and one 4.7uF
solid tantalum capacitors in parallel will be neces-
sary on each supply lead.

LHO0063/LH0063C

+
zV

O~

' NORMALLY
SHORTED

<
>
) 3
gurPLT
<
>
> RB

0 | 8 5C
1 Dl ~
\
L . NORMALLY
SHORTED
7
1o~
d g 6
2 o}
\//
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Typical Applications

High Speed Aut tic Test Equip
Forcing Function Generator

r———=7/17

vl(fl

LOGIC "1+
THRESHOLD

LoGic 2" l
THRESHOLD
Lo Ao
O — ADDITIONALLEVELS
IF REQUIRED
1

r =
COMPUTER W
CONTROLLED
INPUT | |
TEST :
PATIERN ;ED_DO_.b._

G Ray Pulse Integ

SCINTILLATION
3 CAYSTAL
> L
I
<
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< —— — — —
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Ray ~ > :
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I
1
T
L
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M
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LH0033/LH0033C,
LH0063/LH0063C

Typical Applications (cont'q)

Nuclear Particle Detector High Input Impedance AC Coupled Amplifier

LARGE AREA
SILICON DICDE

—QO 15V

fH = 100 MHz

Isolation Buffer Coaxial Cable Driver

OVERALL FEEDBACK

+15v +15V
)

1 REACTIVE

LOAD

Coaxial Cable Driver

*Select C, For Optimum Pulse Response

1W CW Final Amplifier

30V

W@ 50
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Typical Applications (cont'a)

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

Vue v

INPUT O

NO GO = LOGIC 1"
60 = LOGIC 0"

o
AN
Single Supply AC Amplifier 4.5 MHz Notch Filter
Vee = 1207

<
™ g
001 4F S

INPUT

< B
™ b fo " ZRICI
Rl = 2R2
220 " l i
1 22052 = —
= v o

High Speed Sample & Hold

[
1000 pF

*Polycarbonate or Teflon

D£900H1/E900H1 '
‘3e£00HT/CC00H T
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LH2110/LH2210/LH2310

National
Semiconductor

Bufférs

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 additiona! 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 input current 10nA
®m High input resistance 10'® ohms
® High slew rate 30V/us
& Wide bandwidth 20 MHz
8 Wide operating supply range *5V to £18V

m Qutput short circuit proof

- Connection Diagram

%BALANCE

O OUTPUT

4
INPUT O

O BOOSTER

Order Number LH2110D, LH2210D or LH2310D, See Package D16C
Order Number LH2110F, LH2210F or LH2310F, See Package F16B
Order Number LH2110J, LH2210J or LH2310J, See Package J16A

Auxiliary Circuits

OUTPUT

§ *May be added to reduce
v internal dissipation,

Increasing Negative Swing Under Load

INPUT

ouTPUT

Offset Balancing Circuit
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Absolute Maximum Ratings

Supply Voltage +18V . . Operating Temperature Range LH2110 —55°£2 to 125:0
Power Dissipation (Note 1) 500 mW LH2210 -25°C to 85°C
Input Voltage (Note 2) 115V LH2310 0°Cto 70°C
Output Short Circuit Duration (Note 3) Continuous Storage Temperature Range -65°C to ISOOC

Lead Temperature (Soldering, 10 sec) 300°C

Electrical Characteristics Eachside (Note 4) .

PARAMETER CONDITIONS LIVITS UNITS E
LH2110 LH2210 LH2310 -~
Input Offset Voltage Ta=25°C 40 4.0 7.6 mV Max L
Input Bias Current Ta=25°C 30 3.0 7.0 nA Max B
Input Resistance Ta=25C 10" 10" 10" Q Min 3
Input Capacitance 1.5 1.5 1.5 ) pF Typ F
Large Signal Voltage Gain Ta=25°C, Vg = 15V 999 .999 .999 V/V Min X
Vour = £10V, R, = 8kQ B
Output Resistance ) Ta=25°C 25 25 25 2 Max b
Supply Current (Each Amplifier) Ta=25°C 5.5 55 55 mA Max 2
Input Otfset Voltage 6.0 6.0 10 mV Max E
Otfset Voltage -55°C< To < 85°C 6 6 10 uv/IrC Typ N
Temperature Drift Ta=125°C ‘ 12 12 -~ aV/°C Typ @
Input Bias Current 10 10 10 nA Max o
Large Signal Voltage Gain Vg = £15V, Vgyt = £10V .999 .999 999 V/V Min
S R = 10kQ
Output Voltage Swing (Note 5) Vg = £15V, R = 10kQ2 10 10 *10 V Min
Supply Current (Each Amplifier) Ta=125°C 4.0 4.0 - mA Max
Supply Voltaée Rejection Ratio 15V VgL +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 t5V < Vg < #18V and -55°C < Tp < 125°C, unless otherwise specified. With the LM210, however, ali
temperature specifications are limited to ~25°C < T < 85°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
’ Vios AVios " Gain Gain Gain ~25°Cto -55°Cto| Page
Features Ig Max. | Max. AT Lin. Tempco Error 85°C 125°C | Number
90uW 125nA | 2mV 10uVrPC 0.03% * 3% max. | LHO036C 3-4
dissipation, 100nA | 1TmV 10uVIPC 0.03% 1% max. LH0036
wide supply
range, one
external gain
set resistor
Low cost, one 2mv 10uV/I°C 0.03% * 1% LH0037C 3-12
external gain 500nA | 1mV 10uVI°C 0.03% * 0.3% LHO0037 :
set resistor
Ultra low drift, 100nA [150uV 1uvI°C 1ppm 7ppm/°C 0.1% LH0038C 3-15
all gain set . max.
resistors 1004V | 0.25uVIPC 1ppm 7ppm/°C 0.1% LH0038
Internal, very max.
low noise, very
linear, guard
drive amplifier
Included
Programmable 500pA |10mV 10uVIPC 20ppm 1ppm/°C | 0.3% max.| LH0084C 3-26
gain fast 500pA | 5mV 10uV/I°C 20ppm 1ppm/°C | 0.3% max. LHO0084
settling ‘
. Digitally 500pA [10mV 10uVI°C 20ppm 1ppm/°C | 0.3% max.| LH0086C ‘
programmable 500pA | 5mV 10uvicC 20ppm 1ppm/°C [ 0.2% max. LHO086 3-38.
gain amplifier

*Dependent upon external resistors.
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LHO0036/LH0036C

National
Semiconductor

Amplifiers

LHO0036/LHO036C Instrumentation Amplifier

General Description

The LHO0036/LH0036C is a true micro power
instrumentation amplifier designed for precision
differential signal processing. Extremely high accu-
racy can be obtained due to the 300 M 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 values.

| The LHO036 is specified for operation over the

—65°C to +125°C temperature range and the

LHOO036C is specified for operation over the
—25°C to +85°C temperature range.
Features

® High input impedance 300 MQ
= High CMRR 100 dB
® Single resistor gain adjust 1 to 1000
® Low power 90uwW
® Wide supply range +1V to £18V
® Adjustable input bias current

® Adjustable output bandwidth

-

Guard drive output

Equivalent Circuit and Connection Diagrams |

INPUT BIAS

INVERTING
INPUT

NON-INVERTING
INPUT

Ri
by \ A ,,6, | 2o CMAR
PRESET
R? I

_—N w’___r'o TRIM

8 CMRR

GUARD DRIVE
ouTPUT BANDWIDTH

CONTROL

v-

CMRR
PRESET

CMRR
TRiM

TOP VIEW

Order Number LH0036G or LHO036CG
See NS Package H12B
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Absolute Maximum Ratings

Supply Voltage 18V Short Circuit Duration Continuous
Differential Input Voltage *30V Operating Temperature Range
Input Voltage Range Vg LH0036 -55°C 10 +125°C
Shield Drive Voltage *Vg LHO036C -25°C to +85°C
CMRR Preset Voltage Vg Storage Temperature Range -€5°C to +150°C
CMRR Trim Voltage Vg Lead Temperature, Soldering 10 seconds 300°C
Power Dissipation (Note 3) 1.5W
. . g
Electrical Characteristics (Notes1and2)
LIMITS
PARAMETER CONDITIONS LH0036 LH0036C UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rg = 1.0k§2, To = 25°C 0.5 1.0 1.0 20 mV
(Vigs) Rg = 1.0k$2 20 3.0 mV
Output Offset Voltage Rg = 1.0k2, Ta = 25°C 2.0 5.0 5.0 10 mv
(Voos) Rg = 1.0k§2 6.0 12 mv
Input Offset Voltage Rs < 1.0k 10 10 uv/°c
Tempco (AV,05/AT)
Output Offset Voltage 15 15 uv/°c
Tempco {AVgos/AT)
Overall Offset Referred Ay =10 25 6.0 mv
10 Input (Vosg) Ay = 10 0.7 15 mv
Ay =100 0.52 1.05 mV
Ay =1000 0.502 1.005 mv
Input Bias Current Ta = 25°C 40 100 50 125 nA
(lg) 150 200 nA
Input Offset Current Ta =25°C 10 40 20 50 .nA
(los) ) 80 100 nA
Small Signal Bandwidth Ay = 1.0, R_ = 10k§2 350 350 kHz
Ay =10, R = 10k$2 35 35 kHz
Ay =100, R_ = 10k§2 35 3.5 kHz
Ay = 1000, R = 10k{2 350 350 Hz
Full Power Bandwidth Vin = 210V, R = 10k, 5.0 5.0 kHz
Ay =1,
Input Voltage Range Differential +10 * 12 Vv
Common Mode *10 + t 12 v
Gain Nonlinearity 0.03 0.03 %
Deviation From Gain - Ay =1 to0 1000 . 303 1.0 1.0 3.0 %
Equation Farmula
PSRR 5.0V < Vg <£15V, 1.0 25 1.0 5.0 mV/V
Ay =10 '
5.0V < Vg < £15V, 0.05 0.25 0.10 0.50 mv/v
Ay =100
CMRR Ay =10 DC to 1.0 25 25 5.0 mV/V
Ay =10 100 Hz 0.1 0.25 0.25 0.50 mV/V
Ay =100 ARg = 1.0k 50 100 50 100 uvIv
Output Voltage Vs = 2156V, R = 10k§2, 10 *135 10 1135 v
Vs =*1.5V, R = 100k§2 6 0.8 1C.6 0.8 \Y
Output Resistance 0.5 0.5 Q
Supply Current 300 400 400 600 HA
Equivalent Input Noise | 0.1 Hz < £ < 10kHz, 20 20 HV/p-p
Voltage Rs <5082
Slew Rate AVy = £10V, 0.3 03 Vlius
Ry = 10k, Ay = 1.0
Settling Time To £10mV, R = 10k§2,
AVgyr = 1.0V
Ay =10 338 3.8 s
Ay =100 180 180 ™

Note 1: Unless otherwise specified, all specifications apply for Vg = 15V, Pins 1, 3, and 9 grounded, ~25°C to +85°C for the
LHOO036C and -55°C to +125°C for the LH0O036.

Note 2: Ali typical values are for Ta = 25°C.

Note 3: The maximum junction temperature is 150°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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LH0036/LH0036C

Typical Performance Characteristics
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Typical Applications
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LH0036/LH0036C

Applications Information

THEORY OF OPERATION

Rei ¢

FIGURE 1. Simplified LH0036

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, A;. 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. A,
also receives the common mode signal ecy and
processes it with a gain of +1.
Hence:
R1+Rg R1
15 —=——¢ — — ey tecm (m
Re Rg

By similar analysis V., is seen to be:

R2+ Rg R2 o)
= e, — — g te
2 e 2 T Ry o1 teou
For R1=R2: )
2R1
Vo =Vy={l—]+1](e; —eq) (3)
Rg

Also, for R3 ="R5 = R4 = R6, the gain of Az=1,
and:

' 2R1
00 = (V3 — V) = (e — &5) [1+ (R—) ] 4)

G

As can be seen for identically matched resistors,
ecm is cancelled out, and the differential gain is
dictated by equation (4).

For the LHO0036, equation {4) reduces to:
eg 50k

=1+ — {5a)
ey — € Rg

Avcl =

The closed loop gain may be set to any value from
1 (Rg = *°) to 1000 (Rg = 50%2). Equation (5a)
re-arranged in more convenient form may be used
to select Rg for a desired gain:

50k

Rg = —— ' (5b)

Avcr — 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 Aycr = 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 Rgyw may be placed between pin 1 and

ground to accomplish this purpose. Figure 2 shows

typical small signal bandwidth versus Rgyw.

wm

100k

TR

BANOWIDTH (Hz)

2
=

1.0k
AL .M 1M 100M 1000M

Rgw — RESISTANCE FROM PIN 1 TO GROUND (1)

FIGURE 2. Bandwidth vs Rgy
It also should be noted that large signal bandwidth
and slew rate may be adjusted down by use of
Rgw. Figure 3 is plot of slew rate versus Rgw.

SLEW RATE (V/is)
o
2

0.001

W 100k 1OM 10M 100M
Raw — RESISTANCE FROM PIN 1 TO GROUND {12}
FIGURE 3. Output Slew Rate vs Rpy
CMRR CONSIDERATIONS
Use of Pin 9, CMRR Preset

Pin 9 should be grounded for nominal operation.
An internal factory trimmed resistor, R6, will
yield aCMRR inexcess of 80 dB {for Aycy = 100).
Should a higher CMRR be desired, pin 9 should
be left open and the procedure, in this section
foltowed.

DC Off-set Voltage and Common Mode
Rejection Adjustments

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

INPUTS

FIGURE 4. Vog Adjustment Circuit

Pin 8 is also used to improve the common mode
rejection ratio as shown in Figure 5. Null is




Applications Information (cont'q)

achieved by alternately applying +10V (for vt &

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

415V

INPUY
0V

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 Vos and CMRR
adjustment are interactive and several iterations
are required. The procedure for null should start
with the inputs grounded.

“15Y

INPUT 5
0V o - 12

‘4 11
Rg LHDO3E ouTPUT
1 s B

L] 2 (1] R1
5.0k

R2
10k
-15V
-15v

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 will
yield the highest CMRR over the amplifiers com-
mon mode range.

+18V

INPYT 5
ovs1ov, © "

-1V 0 "
Rg LHoO36 ByTPUT 5V
? ' .
<

S A2
+ ‘R1 7 + > 100k
g ALY

Vi g

-15v

-5V

* NOTE: NOMINAL VALUE R1 TO ACHIEVE OPFIMUM CMAR IS 3.0 k2.

FIGURE 7. Improved Vs, CMRR Nulling Circuit

AC CMRR Considerations

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

sV

5
- 7?
0
"
R | thous outrur
]
4 !
.
A2 D (N
1.0M
AA
WA

Som (N
1000 9F -1 =

FIGURE 8. Improved AC CMRR Circuit

.|H

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 LHOO36 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:

| vt-o05 (621
x a
BIAS ™ 4 x 10° + 800 Ry
or
vt 05— (4 x108) (lgas)
RB = (6b)
800 Igias
Where:

laias = 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.

lasas (nA}

Tk too toM 1M 100M
Rg ~ RESISTANCE FAOM PIN 3 T0 GROUND {2}

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:

vt-v)-o05

lgiag = ———e——————
BIAS = 4% 10° +800 Ry

O9E00HT/9E00HT




LH0036/LH0036C

Applications Information (cont'a)

or
V" V) — 05— (4x 10°)(Igias) @
8- 800 Ig(as
Where:

Ig1as = Input Bias Current (nA)

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

vt = Positive Supply Voltage (Volts)
V™ = Negative Supply Voltage (Volts)

Igias (nA)

1ok 100k 1.0M o 1000
Rg — RESISTANCE FROMPIN3 V™ {1}

FIGURE 10. Input Bias Current as a Function of Rg
Figure 10 is a plgt of input bias current versus
Rg returned to V it should be noted that band-

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

Frt Aycy, = +1.0

UNITY GAIN BANDWIDTH (Hz)

10k 100k 1.0M 1M 100M
Rg — RESISTANCE FROM PIN 3 TO GROUND (<2)

FIGURE 11. Unity Gain Bandwidth as a Function of Rg
BIAS CURRENT RETURN
PATH CONSIDERATIONS

The LHO0036 exhibits input bias currents typically
in the 40 nA region in each input. This current
must flow through Riso as shown in Figure 12.

sV

FIGURE 12. Bias Current Return Path

In a typical application, Vg = £15V, g, = lgy =
40 nA, the total current, I+, would flow through
Riso causing a voltage rise at point A. For values
of Rigo > 150 MS2, the voltage at point A exceeds
the +12V common range of the device. Clearly,
for Riso = °°, 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 £ ——m—— (9
Ir
Where:
Vemr = Common Mode Range (10V for
the LHO036)

Vem = Common Mode Voltage
It = 1g1 + 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 LHO036 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 logking into
pin 2 is approximately 15 k{2. Proper use of the
guard/shield pin is shown in Figure 13.

sy

a [0 ¥
o Rg outPuT
9

-15v

FIGURE 13. Use of Guard

For applications requiring a lower source impedance
than 15 k£, a unity gain buffer, such as the
LHO002 may be inserted between pin 2 and the
input shields as shown in Figure 14.

LH0002

= - -15v

FIGURE 14. Guard Pin With Buffer




Definition of Terms

Bandwidth: The frequency at which the voltage
gain is reduced to 0.707 of the low frequency
(dc) value.

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

Common 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, AycL = 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. lgs =
g — gl

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

- Output Stage Offset Voltage, Vggs: 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.

V, =V } -1V
00s [ OS|AVCL=1] [ oslAVCL=1000]

Overall Offset Voltage:

Voos

Vos = Vios +
veL

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

Resistor, Rg: An optional resistor placed between
pin 3 of the LHO0036 and ground (or V™) to
reduce the input bias current,

Resistor, Rgy: An optional resistor placed be-

tween pin 1 of the LH0036 and ground {or V™)
to reduce the bandwidth of the output stage.

Resistor, Rg: A gain setting res}stor 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.

3-11
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LH0037/LH0037C

Natiqnal | Amplifiers
Semiconductor

LH0037/LH0037C Low Cost Instrumentation
Amplifier

General Description

The LHO037/LH0037C is a true instrumentation ampli- is specified for operation over the —25°C to +85°C
fier designed for precision differential signal proc- temperature range. .

essing. Extremely high accuracy can be obtained due to

the 300° MQ input impedance and excellent 100 dB Features

common-mode rejection ratio. It is packaged in a

hermetic TO-8 package. Gain is programmable with one ® High input impedance 300 M§2
external resistor from 1 to 1000. Power supply operating ®= High CMRR 100 dB
range is between 5V and £22V. ® Single resistor gain adjust 1 to 1000

®  Low power 250 mW
The LHO0037 is specified for operation over the = Wide supply range 5V to 22V
—55°C to +125°C temperature range and the LHO037C ®  Guard drive output

Equivalent Circuit and Connection Diagrams

DRIVE : Metai Can Package
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See Package H12B

Typical Applications
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T
Absolute Maximum Ratings =3
Supply Voltage 22V Short Circuit Duration Continuous P
Differential Input Voltage +30V QOperating Temperature Range 3
Input Voltage Range Vg LH0037 -55°C to +125°C -
Shield Drive Voltage Vg LH0037C ~25°C to +85°C -
CMRR Preset Voltage Vg Storage Temperature Range -65°C to +150°C 8
CMRR Trim \/oltage Vg Lead Temperature (Soldering, 10 seconds) 300°C P
Power Dissipation (Note 3} . 1.5W ~J
0
Electrical Characteristics (Notes 1and2)
LIMITS
PARAMETER CONDITIONS LH0037 LH0037C UNITS
’ MIN TYP MAX MIN TYP MAX
Input Offset Voltage (Vos) Rg = 1.0k§2, T = 25°C 05 1.0 1.0 2.0 mv
Rs = 1.0 k§2 2.0 3.0 mvV
Output Offset Voltage (Vggg) Rs = 1.0k§2, To =25°C 2.0 50 5.0 10 mV
Rs = 1.0 k§2 6.0 12 mV
Input Offset Voltage Rg < 1.0k 10 10 uv/°c
Tempco (AV,gs/AT) .
Output Offset Voltage 15 15 ‘ uvre
Tempco (AVoes/AT)
Overall Offset Referred to Ay =10 25 ) 6.0 mV
Input {Vos) Ay =10 0.7 15 mv
Ay =100 0.52 1.05 mV
Ay = 1000 0.502 1.005 mV
Input Bias Current () Ta =25°C 200 500 200 500 nA
15 08 HA
Input Offset Current (log) Ta=25C 100 250 nA
200 250
Smatl Signal Bandwidth Ay =1.0, RL =2kQ 350 350 kHz
Ay =10, RL =2kQ 35 35 kHz
Ay =100, R, =2kQ : 35 35 kHz
Ay =1000, R_ =2k 350 350 Hz
Fuil Power Bandwidth Vin =310V, R = 2k§2 5.0 5.0 kHz
Ay =1
Input Voltage Range Differential 12 12 v
Common Mode 12 12 A
Gain Nonlinearity 0.03 0.03 %
Deviation From Gain Ay =110 1000 0.3 *1 1.0 +3 %
Equation Formula
PSRR 150V < Vg < %15V, 1.0 25 1.0 5 mV/V
Ay =10
5.0V < Vg <115V, 0.05 0.25 0.10 0.25 mV/V
Ay = 100
CMRR Ay =10 DCto 1.0 25 25 5.0 mV/V
Ay =10 100 Hz 0.1 © 025 0.25 1.0 mV/V
Ay =100 ARg = 1.0k 25 100 25 100 uVIV
Qutput Voltage
RL=2kQ2 10 13 10 13 \
Output Resistance 0.5 0.5
Supply Current 4.5 84 45 84 mA
Slew Rate AV )y =210V, 05 05 Vlius
RL =2k, Ay, =10
Settling Time Tox10mV, R, =2kQ
AVgyur = 1.0V
Ay =10 38 38 Ms
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 LH0037C and —55°C to +125°C
for the LHO037. ‘
Note 2: All typical values are for T = 25°C. :
Note 3: The maximum junction temperature is 150°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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T\}pical Performance Cl;aracteristics

Output Voltage Swing vs

Closed Loop Voltage Gain ) Frequency
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Typical Applications (contq)
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National
Semiconductor

Amplifiers

LHOO38/LHO038C True Instrumentation Amplifier

General Description

The LHO038/LHO038C is a precision true instrumenta-
tion amplifier (TI1A) capable of amplifying very low level
signals, such as thermocouple and low impedance strain
guage outputs. Precision thin film 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.

LHO0038 exhibits excellent CMRR, PSRR, gain linearity,
as well as extremely low input offset voltage, offset
voltage drift and input noise voltage.

The devices are provided in a hermetically sealed 16-lead
DIP. The LH0038 is guaranteed from =55°C to +125°C;
whereas the LHO038C is guaranteed from —25°C to
+85°C.

Features

= Ultralow offset voltage 25 uV typ., 100 gV 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

Excellent PSRR and CMRR 120 dB

Simplified Schematic Diagram

$ "
S RT A1
Sk %
>
S R14
>
0 1t ! S 20
<SRe A12
< 100k 100kS R20
1 9 00k 15
ouTPUT
- SENSE
+ Az
11 1
GUARD O—4g A1 *—+ ouTPUT
\ R21
+INPUT 100k 16
AAA GROUND
. 03 12 A3 VW\— VW0 i
-INPUT a az
[ y
01 RY A10 D2 R16
5.263 5.263k 100K
AAA A AAA
W VWA W
17
10 100k
O M
R4 A3 R2 Rt .
3.333K 8889k 585 s26 | I 10044
gs Is Iv Ia [e}] " o
X175 X200 X1000 X2000 £ -0V

Connection Diagram

" Dual-In-Line Package

g U
Vaur GROUND SENSE
v LS. outpur sense
A/ e |-
OFFSETADIUST( , 1
— — v, inpuT
A5 =4 12, Non. INV. INPUT
A200— 1 Guano, case*
10
#1000 — 110 ¢
] 9 .+
R2000 —4 .
Order Number
LH0038D or LH0038CD

TOP VIEW

See Package D16D

*Guard output is connected to the case.
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LH0038/LH0038C

Absolute Maximum Ratings

Supply Voltage

Differential Input Voltage (Note 1)
Input Voltage

Power Dissipation {See Curve)
Short Circuit Duration

Operating Temperature Range

18V

v

*Vg

500 mW
Continuous

LHO0038 -55°C to +125°C
LHO0038C ~25°C to +85°C
Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 20 seconds) 300°C
DC Electrical Characteristics (Note 2)
LHO038 LH0038C
PARAMETER CONDITIONS UNITS
MIN | TYP | MAX |MIN | TYP | MAX
Vi0s Input Offset Voltage Ta=25°C 25 100 30 150 v
125 220 K
AV|0S/AT  Input Offset Voltage 0.1 0.25 0.2 1.0 uv/°c
Tempco Rg = 5082
Voos Output Offset Voltage | VCM = OV Ta=25°C 3 10 5 25 v
15 30 "
AVQOS/AT Output Offset Voltage 25 25 pv/eC
Tempco ’
Ig Input Bias Current Ta=25°C 50 100 50 100
200 200
= nA
los Input Offset Current TA=26C 2 5 7 10 :
‘ 8 15
Vewm =0V
Alg/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, 5—-9 500 500
7-10 1000 1000
8—10 2000 2000
Closed Loop Gain Ayct = 100, 200 0.1 0.3 0.1 0.4
Error AycL = 400, 500 0.2 0.3 0.2 0.6 %
AvCL = 1000 03 | 05 05 | 1.0 0
Ayct = 2000 1.0 2.0 1.5 3.0
Gain Temperature AycL = 1k 7 7 ppm/°C
Coefficient
Gain Nonlinearity 100 < Aycr <2k 1 1 ppm
VINCM Common-Mode Input 10 [%12 10 [£12
Voltage Range
Vo Output Voltage RL> 10kQ 10 |#12 10 [212 v
Vg Supply Voltage Range E) . +18 (#5 +18
Guard Voltage Error  [-10V <Vgpm < +10V +10 100 +10 +100 mV

3-16




DC Electrical Characteristics (Note2) (Continued)

'LH0038 LH0038C
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN | TYP| MAX
CMRR Common-Mode VN = £10V Aycp = 100 94 110 86 110
Rejection Ratio AycL = 1000 114 | 120 106 | 110 "
PSRR Power Supply 5V < AVg < £16V | Ay = 100 94 110 94 | 110
Rejection Ratio Aycyp =1000f 110 | 120 100 | 110
l0SC Output Short Ta=25°C 2 15 £10 [£2 |#5 £10
Circuit Current
mA
Is Supply Current Ta = 25°C 1.6 2.0 1.6 3.0
RN DIFF  Input Resistance AycL = 1000, Ta = 25°C ‘ 5 5 MQ
RiN CM Common-Mode Input 1 1 GQ
Resistance
ROUT Out;;ut Resistance 1 R mQ
AC Electrical Characteristics vg=:15v, 14 =25°C
PARAMETER COMMENT CONDITIONS TYP UNITS
en  Equivalent Input Noise Voltage Figure 1 Rg=0,f=0.1t0o 10 Hz 0.2 uVp-p
en  Equivalent Input Spot Noise Figure 1 Rg = 10092 f=10 Hz 6.5
Voltage f=100Hz 6.0
V/A/Hz
f=1kHz 6.0 "
f=10kHz 6.0
BW  Large Signal Bandwidth VouT = £10V 1.6 kHz
\ Sy Slew Rate VouT = 10V 0.3 V/us
ts Settling Time t0 0.01% Figure 13 20V Step 120
—10V Step 80 us
+10V Step 60
tr Rise Time AVoyT =100 mV [ AycL = 100 6 u
s
AycL = 1000 13
in  Equivalent Input Spot Rg = 100 M2 =10 Hz 0.1 pAAN/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 roted 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 +125°C for the LH0038 and ~25° C to +85°C for LH0038C. .
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LH0038/LH0038C

Typical Performance Characteristics

Power Dissipation Input Bias Current Input Bias Current
225 10 120
T Vg = 15V - [
20 |-CAS 00— l —Vem =0V T 7
_ —4\ z z 10 Tp = -55°C3>
£ z w0 Lo =7, = _55°C 2
e
g 150 5 w1 Z w =
£ AMBIENT 04 =67°C/W & =
< 125 = 70 [
s \\ 2 3 w0 Ta = 25°C
Z 10 2 60 v = @
= = o] =
< o ) A 5w L >
E 0y = 100°C/ > - 2 W
2 050 £ a t E] P
= TA=125C | et = 2 _—
0.25 30 /‘,_‘r" b t—"T 7Tp=125°C_{__|
0 29 LT 0 L |
0 25 50 75 100 125 150 -5 -0 -5 0 5 10 15 0 5 10 15 20
TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V) SUPPLY VOLTAGE (+Vpg)
Closed Loop Frequency
Response Common-Mode Rejection Power Supply Rejection
0 s 5 10
= =
60 e o 120
= =
) < <
=2 [
= 95 = < 10
] 2 ]
e 5 5 80
o w uw
2 10 & & 60
a w >
3 S =
3 “ Vg = 15V 2 3 “
10 1Ry 210k E E 20
0 38 S 0 Ayl = 1k, aVg =20V
100 1k 10k 100k ™ 10 100 1k 10k 100k 10 100 1k
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (H2)
Input Noise Voltage )
{Includes Source Impedance) Output Swing Supply Current
- 15 18
_ _‘] = Vg = 15V )
E | | % 115 Tp=25°C
2 -
z L s T 150 —1Ta= 125
- Rl -—
= ] 10 £ 125 |42 Ta=-55C ] |
= i £ = R g
= & (R e L o £ 10
o Bl 5 3 2|14 s
2 8 3 3} > 075
1 S R Ea e Ca R SV
5 3 050 I
o e
S L \ 0.25
L 0 [}
10k 100k 0 2 4 [ 8 . 0 5 10 15 20
FREQUENCY (H2) OUTPUT CURRENT (tmA) SUPPLY VOLTAGE (£V)
Wide Band Noise Pulse Response Rise Time

Vg =$15V, Rg = 1k, Ay = 10k, DUT = 1k Vg =115V Vg =16V
Vertical sensitivity: 0.1 pV/CM RL > 10kQ - R >10kQ
Horizontal sensitivity: 5 sec/CM ) AycL = 1k AycL = 1k

Bandwidth: 0.1 Hz to 10 Hz
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Noise Test Circuit

X 1k X 10
’ K - N TEKTRONIX 7623
15V 100k
LH0038 7822
(DuT)
-O
0.170 16 Hz

H 0O8E00HT1/8E00H1

QUAN-TECH
MODEL 2181
FIGURE 1.
Typical Application
LH0070 15V
0.1pF  10.00V REFERENCE 0.01 uF
2\ 1
10.00V j_{

——

eouT

p— s
L
|
|
T

A N——

-15V -
FIGURE 2. X1000 Bridge Amplifier
Applications Information

THEORY OF OPERATION
The LHO038 is a 3-stage, true instrumentation amplifier current to be 20 uA per side. The action of A2 and A3
composed .of a well matched transistor differential pair, is such that 20 uA is maintained constant despite the
Q1 and Q2, a common-mode loop amplifier, A2 and A3, presence of common-mode signals. The differential out-
and a differential to single ended amplifier, Ad. A simpli- puts of A2 and A3 are applied to differential amplifier,
fied schematic is shown in Figure 3. A4, which converts the signal to a single-ended output

and provides a gain of 5. The total gain of the amplifier
Current source, la, establishes a voltage across R14 of is, therefore, the fixed gain of 5 multiplied by the gain

approximately 2V, which results in a 2V drop across R8 of the composite input stage.
and R12. This constant voltage forces the first stage .
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‘LH0038/LH0038C

Applications Information (continued)

v+

R8 R12
100k & 100k < ?Ok _

100k

R20

AAA—

JNv
R17
100k

- +INPUT

FIGURE 3. LH0038 Simplified Schematic

The closed loop gain of the composite amplifier may be
better understood by referring to Figure 3."The Q1—A2
loop may be viewed as differential amplifier with the
inverting input at the base and non-inverting input at
the emitter. Combining small signal AC and large signal
DC analysis =

R17 + RE\. R17
— ) —e2l —

RE RE

vl =el

(1)

+Ecm— VBE1 — 11R17

By similar analysis:

R16 + RE R16

v2=e2 3
RE RE

(2)

+Ecm — VBe2 — 12R16

For 11 = lp, R17 = R16, VBg1 = VBE2, subtracting
equation (1) from (2) results in:

R16 + RE
v2-vl=(e2—el) | ———
RE
(3)
+(e2—el) | —
v2—-vl 2RI16
= — 4+ 1 (4)

e2—el RE
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Applications Information (continued)

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

eQUT = (AvcL4) (e2 —el) (5)
where:
A _R20
veLa = o=
= 5.00
2R16
AycL=5| — + 1 (6)
RE

As an example, with all gain pins open, RE = 10.526 k2,

and:
A 5((2) (100k) . 1)
=5 —— 7
veL 10.526k 7)
=100.0

=15V

OFFSET
ADJUST

All 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] (8

(2) (100k)

A =50 —m—————
veL (10.526k) |1 (10.000k)

= (5.00) (40) = 200

CLOSED LOOP GAIN CONSIDERATIONS
USING INTERNAL RESISTORS

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

Gain adjustment by paralleling 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
— =110.05%
2

FIGURE 4. Recommended Gain Adjust Circuit

TABLE I. LH0038 INTERNAL GAIN CONFIGURATIONS

OV::IANLL FIRS(;['ASILAGE PIN CONNECTIONS EFFERCETIVE
100 20 All Gain Pins Open - 10.5260 k2
200 40 Pin 6 to Pin 10 5.1281kQ2
400 80 Pin 6 to Pin 9, Pin 10 to Pin 5 2.5316 k§2
500 100 Pin 6 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

-
m
o
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@
®
-
o
=]
=
@
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LH0038/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 voltage.
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. LH0002, )
may be included within the feedback loop to increase
output current capability as shown in Figure 7.

SIGNAL
SOURCE

GND SENSE

GND FORCE

RL Vout

FIGURE 6. Remote Sense Connection

SENSE

15V

T
13N2

7
e [,E LHO038

12
7(
14

—15V

Vout

lgyt 2100 mA

GNpSEnse 18V

GND FORCE

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

Offset of the L.LHOO038 is trimmed by the factory to a
very low value. The offset may be further trimmed using
a 10 k2, 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 LHO038 exhibits bias current of approximately 50
nA per side, and requires a path to ground or supply.
The practical limitation to the maximum resistance
betwi©  the inputs and ground is dictated by negative
comn: .n-mode range as shown in Figure 9. For example,
for Vem = —10V, Ry < 20 MQ.

The LH0038 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 relatively constant with temperature (as
opposed to an FET stage), so one can consider bias
current compensation schemes such as shown in Figure
10. The danger with such techniques is that the offset
current and noise contributed by the bias current com-
pensator will dominate the system noise,

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

T1sv
LM134
CURRENT
SOURCE
680
1NS14
Y ~200 A

~60nAY

Vem = Common-Mode Input Voltage
Ig1 + g2 = Bias Current = 100 nA

15V
11 N\{2
—I—’ 15
B1
LHOB38 —OVout
12 16
— * 14
, 12 - R < VemR!~-Vem
< P 21 L R o7 L
i’ﬂcm 15V CM =g + Tg2
where:
TVCM VMR = Common-Mode Range = £12V

FIGURE 9. Bias Current Return

INPUT

6.8k
10k
10k
IBIAS
15v
13 2
L‘ 15
1
LHO038 ! vouT
2, 16
[
-8V

FIGURE 10. Bias Current Compensation
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LHO0038/LH0038C

Applications Information (continued)
SETTLING TIME

The LHO0038 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 LHO0038 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-

PSEUDO
SUMMING
JUNCTION

ts, Ay = 100, Vyy = 20V
FIGURE 11. Settling Time

10k 1k 10k
0.1% 107 0.1%

PSEUDO

100k

INPUT AP
20Vpp v

LHO038
(DUT}

e .

=8
AN

A\ A4
~|5 Iw =

. -16v

FIGURE 13. Settling Time Test Circuit

15V N\ ouTPuT

8

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
L.HO038, 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 witl 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 uF electrolytic in shunt with 0.01 uF
ceramic disc no further than 1 inch from the device.

PSEUDO
SUMMING
JUNCTION
ts, Ay = 100, VN = 20V
FIGURE 12. Settling Time
10
g
w }_ -~
& Vg=0 Vg = +10V
JUNCTION s= 1 roovi LT To v
22 = —
- 1 1 § O —
e - — g S i -
=5 T T T
=5 v =011 Vg =10V
3 01 peTOTOVZ To+tov |
= - S— S & . . ¥
B ——t
z [PERER 16 v i |
100 < Aygy A U
S
0.01

0 20 40 60 80 100 120 140 160
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, Vi0s: The voltage which must be
applied to the inputs to force the outputs of the input
stage to OV. V|Qs can be calculated by measuring VOg
at closed loop gains of 100 and 2000 and using the
following equation:

_vos) 2k — (VQs) 100

\
10s 1900

Where:

(Vosg)2k = overall offset voltagé for AycL = 2k.
(VOg)100 = overall offset voltage for Aycy = 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, Vincy: 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, lgg: 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, Vog: The output voltage when
both inputs are connected to 0V. Vs is composed of
input amplifier offset voltage effects, V|Qg, and output
amplifier effects, VoQs. It is given by:

Vos = (AvcL) (Vios) — Voos
Where: .

AycL = closed loop gain = 100 to 2k
V|0s = input stage offset voltage
V(Os = output stage offset voltage

Output Offset Voltage, VgQs: The output voitage when.

the outputs of the input stage are forced to OV. V(s
may be calculated by measuring Vs at closed loop gains
of 100 and 2000 and using the following equation:

Voos = (20) (Vos) 100 - (Vos) 2k
19

Where:
{Vos) 100 = overall offset voltage for AycL = 100
(VOos) 2k = overall offset voltage for AycL

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

Offset Voltage Temperaturé Drift, AVIQS/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, tg: 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, Ayc|: Theratio of output voltége 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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LH0084/LH0084C

National
Semiconductor

Amplifiers

LH0084/LH0084C Digitally-Programmable-Gain

Instrumentation Amplifier

General Description

The LH0084/L.HO084C is a self-contained, high speed, high
accuracy, digitally-programmable-gain instrumentation
amplifier. It consists of paired FET-input variable-gain
voltage-follower input stages followed by a differential-to-
single-ended output stage. The input stage is program-
mableinaccurate gainstepsof1,2,5,or10controliedby the
logic levels of a2-bit TTL-compatible digital input word. For
additional flexibility, the output stage is pin-strappable to
fixed gains of 1, 4, or 10 for an overali gain range of 1to 100.

Applications include increased dynamic range A-to-Dcon-

_verters, test systems, and post muitiplexer amplifier for

data acquisition systems.

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

The LH0084 is guaranteed from —55°C to +125°C. The
LH0084C is guaranteed from -25°C to +85°C. Both
devices are provided in a hermetically sealed 16-lead dual-
in-line metal package.

Features
B Excellentgainaccuracy 0.05% max
and gainnon-linearity 0.01% typ
B Extremelylowgaindrift 1ppm/°Ctyp
10ppm/°Cmax
B Highinputimpedance 10Matyp
® HighCMRRand PSRR 70dB min
B TTL compatible digital inputs
¥ Highspeed, settlingto0.1% 4usmax

Simplified Schematic

Connection Diagram

Dual-In-Line Package

J U e
V]
2 | oiciraL
. V-2 15 [ weut
oX10 14
3 vint 2 = DIGITAL GND
RS SRu . a
r — —
J; RS F_1°X4 o OFFSET “
% ADJUST) 5 12 SIGNAL
R4 R12 -] e
R10 6 ] 1
X1 b p— G10
A2 vout i 110 vout
15 sense) | X {FORCE)
o Al 8 ]
BIGITAL 6 SWITCH X10 ==t Vin(=)
INPUT NETWORK
D8 o0— R1 10y
o Vour
FOR
DIGITALO'L“_‘ (FORCE)
GND TOP VIEW
R3
Al 1 Case is electrically isolated
RS »—wv—]r—om
) S R13
>
o 3P 12, oA Order Number LH0084D or LH0084CD
) eno See NS Package D16D
S RIS
o6

&
Vos
ADJ

V™ Vgg
ADJ




Absolute Maximum Ratings

Supply Voltage (Note 1) *18V Output Short Circuit Duration Continuous
Analog Input Voltage (Note 2) *15V + Operating Temperature Range
Ditferential Input Voltage (Note 2) + 30V LH0084 —55"°C to +125:C
Digital Input Voltage —4v, +18V LHE084C -2 Cto +85°°
Power Dissipation {(See Curve) 2.5W Storage Temperature ~65°Cto +150°C
Lead Temperature (Soldering, 20 seconds) +300°C
DC Electrical Characteristics vs= = 15V, R_ = 10 kg, Tyyn =< Ta = Tyax unless noted
LHO0084 LH0084C .
iti ts
Parameter Conditions Min Typ Max Min Tvp Max Uni
Vios Input Offset Voltage T,=25°C 0.3 5 0.3 10 iy
7 13
AV|ps/AT Input Offset Voltage [Rg=100Q 10 ' 10 uvi°C
Change with
Temperature Vem=0
Voos Output Offset Voltage|(Note 3) Tj=25°C 0.6 5 0.6 10 mv
7 13
AVgps/AT Output Offset Voltage 20 20 uvi°C
Change with
Temperature
Ig Input Bias Current T;=25°C 150 500 150 500 pA
(Note 4) 500 100 nA
los Input Offset Current T;=25°C 50 200 50 200 pPA
200 50 nA
Rin Input Resistance Differential 10" 10" Q
Common-Mode 10" 10"
Vin Input Voltage Range =10 +10 \
Ay Voltage Gain See Table | 1 1
2 2
. 5 5
10 10 VIV
20 20
50 50
100 100
Gain Error Ay=1,2,5 . 0.01 0.05 0.02 0.1
Ay =10, 20, 50, 100] 1A=25°C 002 | 01 003 | 02
Ay=1,2,5 0.02 0.2 0.02 0.2 %
(]
Ay =10, 20, 50, 100 0.03 0.3 0.03 0.3
Gain Nonlinearity Tpo=25°C 0.002 0.002
0.005 0.005
AA/AT  Gain Temperature 1 10 1 10 |ppm/°C
Coefficient
CMRR  Common-Mode Vin= 210V Ay=1 70 80 70 80
Rejection Ratio Ay=10 76 94 76 94
Ay =100 80 94 80 94 48
PSRR Power Supply +8V=Vg=< 18V |Ay=1 70 84 70 84
Rejection Ratio Ay=10 76 92 76 92
. Ay=100 80 104 80 104
Vo Qutput Vol!age Swing| R =10 kQ +10 +12 +10 *12 \
lc Output Short-Circuit Ta=25°C 5 +18 [ %40 5 +18 | x40 mA
Current +2 +40 +2 +40
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DC Electrical Characteristics (continued) Vg = = 15V, R = 10 k@, Ty < Ta =< Tmax unless noted

LH0084/LH0084C

- LH0084 LH0084C .
Parameter Conditions Win Typ Max Min Typ Max Units
o Output Resistance 0.05 0.05 Q
Vi Digital 0" ) : 0.7 0.7
Input Voltage v
Viy Digital “1” 20 2.0
Input Voltage
I Digitat “0” Vin=0.4V 1.5 40 15 40
Input Current
A
I Digital “1" Vin=2.4V 0.01 0.01
Input Current
Vg Supply Voltage } ) . *8 +18 +8 =18 \'
Range
Is(+) Positive Supply 12 18 12 26
Current
Vg= =18V mA
Is(=) Negative Supply 8 12 8 14
Current
Po Power Dissipation Vg= x15V 315 450 315 600 mw

AC Electrical Characteristics vs= = 15v,7, = 25°C, R =10 ke

Parameter Conditions Min Typ Max Units
BW  Bandwidth (Figure 1) Small Signal, Ay=1 3250
-3dB Ay=10 500
Ay =100 350
kHz
Small Signal, Ay=1 300
-1% Ay=10 75
Ay=100 . 55
PBW Power Bandwidth 200
Vo= 10V
SR Slew Rate 10 13 : Vips
ts Settling Time (Figure 2) AVy= x 20V Ay=1 2.3 3.0
+0.1% s Ay=10 27 35
Ay=100 . 3.1 4.0 S
Gain Switching Time » ‘ 35 '
En Equivalent Input BW=0.1 Hz-10 Hz 7 wVp-p
Noise Voltage (Figure 3) BW =10 Hz-10 kHz A= 100 1.4 uVrms
\] =
In Equivaient Input BW =10 Hz-10 kHz 30 pArms
Noise Current (Figure 3) ' )

Note1: Impropersupply power-onsequence may damagethe device. See Power Supply ConnectionsectionunderApplications Information.

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

Note 3: Due to limited production test time, these parameters are specified at junction temperature, T 4. In normal operation the junction temperature rises
above the ambient temperature, Tp, as aresult of internal power dissipation, Pp. Ty = Ta + 8)oPp where fj4 is the thermal resistance from junction to ambient.
Note 4: The input bias currents are junction leakage currents which approximately double for every 10 °C increase in the junction temperature.




Typical Performance Characteristics

GAIN {dB) POWER DISSIPATION (W)

COMMON-MODE VOLTAGE (+V)

SETTLING TIME {us}

Power Dissipation

CASE
AMBIENT
—
Nt 04¢ =20°C/W
SUIAY
op = BIJ“I:/W\\ \
\\
0 25 S0 75 100 125 150
TEMPERATURE (°C)
Small Signal
Frequency Response
] Vg =415V
A= 100 ( Rs = 502
= RLT-RL=10k82
A, =50 —t E Th=25°C
N
- Ay = 20— ]
Ay = 10 ™
A, =5 n
- Ay =2]
e
1k 10k 100k ™ 10M
FREQUENCY (Hz)
Input Common-Mode
Range
T
Rg = 508
RL =10 kS2
Ta=25°C
|
| Yy
TYPICAL
7 GUARANTEED
5 10 15 20

SUPPLY VOLTAGE {:V}

Settling Time

Vg= H15V
AVg = 120V
Rg = 6092
RL=2kQ
AT
~
z/z .01%
v
£0.1%
I 1%
et
1 10 100
GAIN (V/v)

CMRR (dB) GAIN ERROR (-%)

SUPPLY CURRENT (+mA)

INPUT NOISE VOLTAGE (nV/\/Hz)

03

02

120 |

100

.60

40

20

SR & 2 =
8§38 &8 83¢g

Gain Accuracy

[ Vg = 15V
| GUARANTEED ng;ugv |
LHO0B4C =

RL = 10k82
T
/ GUARANTEED ||
/ LHooga -
b
TYPICAL
o =11
pmant===1=T"1 1l
! 10 100
GAIN (V/V)

Common-Mode Rejection

[ u:u:lm J Vi
L'n Vem = 10V
H A, 100 Res 500

'Afﬂi Ta=25°C
gt
T —— 5
Ay=1 N
I ] LLITINY
N

10 100 1k 10k 100k
FREQUENCY (Hz)

Supply Current

T T
b Ta=-s55C —L =
- o
| Ta=25°C 15
Tp=125"C ———
-t =
1 1
Tp=25"C
| | Is(-
Ta=-55°C s

SUPPLY VOTLAGE (V)

Equivaleni Input
Noise Voltage (Includes
Source-Resistance Noise)

FREQUENCY (Hz)

QUTUPUT SWING (+V) PSRR (dB) INPUT BIAS CURRENT (pA)

BROADBAND OUTPUT NOISE VOLTAGE {uVRMmS)

Input Bias Current
10k

= Vs = x15v
[—Vem=0 4
1k ===
=
4
Y
0 A
ll‘
rd
—
10
~55 =25 0 25 S0 75 100 12§
AMBIENT TEMPERATURE ({"C)
Power Supply Rejection
120 —rrrrmr T
A, =100
100 Fa,=10
80 Fa,=1
60
40
1BV Vg < £18V
| vem=0
20 | pg= 502
Ta=25C
o Ll
10 100 1k 100k
FREQUENCY (Hz)
Output Swing
15 T
[ Vg = 15V
N\ f - -85°C ]
10 T jA
GUARANTEED
]
=25°C
aramell |
5 I
Tp=125"C
1
L
0 10 20 30

OUTPUT CURRENT {:mA)

Broadband Output
Noise Voltage

160
T TTTH
14g |- Vs=+15v
BW =10 Hz-10kHz
120 |~ Rg=50Q
Ta=25°C
160 1
80
60
40 /
7
20 ,/
L]
0
1 10 100
Ay (VIV)
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LH0084/LH0084C

AC Test Circuits

PULSE GENERATOR

TEK PG508*

OR EQUIV

FREQUENCY

SYNTHESIZER ; v
HP 33308 3, 5{70R8) ANALYZER
OR EQUIY HP 3570A
Bl oreautv

FIGURE 1. Frequency Response Measurement Circuit

0SCILLOSCOPE

TEK 7904
TA13 |OREQUIV

POST AMPLIFIER

10 Hz LP
FILTER

—O TEK 7613
I 7A22 JOR EQUIV

T

FIGURE 3. Noise Measurement Circuit

Wideband Noise

Settling Time

Ay =10 Input Stage

0SCILLOSCOPE

FILTER UNIT

QUAN-TECH
2181

Rg =500 Bandwidth 0.1 Hz to 10 Hz
1uViDivision Vertical 5 Seconds/Division Horizontal
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Applications Information

THEORY OF OPERATION

The LHO0084 is a digitally-programmable-gain true-
instrumentation amplifier composed of a variable-gain
voltage-follower input stage (A1 and A2), followed by a
differential output stage (A3). The schematic.is shown in
Figure 4.

The input stage contains matched high-speed FET-input
op amps (A1 and A2). A high-stability temperature-
compensated resistor network (R1 through R7) controls
feedback ratios at the inverting inputs of op amps A1 and
A2 via FET switches S1A-S4A and S1B-S4B. Since the FET
switches are in series with the op amp input impedance
their resistance match and temperature drift do not
degrade the gain accuracy of the instrumentation
amplifier. The FET switches are controlled through a
1-of-4 decoder and switch driver, by the logic levels ap-
plied at the digital input terminals D1 and DO and set the
gain of the input stage as shown in Table I.

Schematic Diagram

' 15 10F4
D1 o—l— DECODER
DIGITAL A%H
INPUT 1 . swi
oo o—s}-— DRIVER

DIGITAL O”I
GND

Vigs V™ Vigs
ADJ ADJ
FIGURE 4

If, for example, D1 is High (=2.0V) and DO is Low (<0.7V),
FET switch pair S3A and S3B will be closed (and all re-
maining switches open). The input stage gain, Ay, can
then be shown to be:

vV2-Vvi1
Agp=—"
Vin(+) = Vin( =)
R4 + R5 + R6 + R7
=1+——---:-r
R1+R2+R3 (1)
6k + 6k + 10k + 10k
=1y
4k + 2k + 2k
=5
Vi
X10
RG
10k
v
R X0 st
6k
A2 X1
%
A1
ak
10 Vi
O (fbiee)
A3
%
RS A1
10k
Bk ) LD
R13
a7 G 30k 2
10k 1 SIGNAL
4 oe poe
S onis
S o
AL G10
v2
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LH0084/LH0084C

Applications Information (continueq)

TABLE I. GAIN TRUTH TABLE AND CONNECTION TABLE

1st Stage 2nd Stage Overall
Digital Inputs Gain Pin Connections Gain Gain
D1 Do Ayy) g Ay Ay
0 0 1 1
"0 1 2 2
1 0 5 6-10, 13-GND 1 5
1 1 10 10
0 0 1 4
0 1 2 8
1 0 5 7-10, 12-GND . 4 20
1 1 10 40
0 0 1 10
0 1 2 20
1 0 5 8-10, 11-GND 10 50
1 1 10 100

The output stage, consisting of op amp A3 and resistors
R8 through R15, converts the voltage difference at the
output of the input stage, V2 minus V1, to a single-ended
output. For increased flexibility of the LH0084, the output
stage gain is pin-strappable by selecting R10, R10 + R12,
or R10 + R12 + R14 as feedback resistor for A3. The ratios
of these resistors to the differential stage input resistor
R3 are kept very accurate to maintain the excellent
overall gain accuracy of the device. The output stage
gain, Ay, is equal to the feedback resistance divided by
the input resistance. Thus with, for example, Pin 7 wired
to Pin 10, that gain would be:

Vour

@=
v2-vi

R10 + R12

R8 @ -

10k + 30k

10k

=4

To preserve the high common-mode rejection ratio of the v

output stage, the ground sense resistor, R11, R11+ R13 or
R11+ R13 + R15, must match the feedback resistor used.

The overall gain of the LH0084 is therefore:

Vour

. Av-—-'-——
Vin(+) = Vin(=)

v2-vi Vour )

Vis(+)=Vin(=) V2-V1

=Av) Avg)

The different gains available are in the range of 1 through
100 and are summarized in Table 1.

POWER SUPPLY CONNECTIONS

Proper power supply connections are shown in Figure 5.
The power supplies should be bypassed to ground as
close as possible to device supply pins. For optimum
high speed performance V* and V~ should be decou-
pled with a 0.01 uF ceramic disc in parallel with a 1 uF
electrolytic capacitor.

The two ground pins, analog and digital grounds, should
be connected together as close to the device as possible,
preferably with a ground plane underneath the device. If
this is not possible, the grounds should be connected
together locally with back-to-back diodes and hard-wired
together off-board. If a ground reference offset is used, it
must be low impedance compared to the ground sense
resistance to avoid CMRR degradation. :

Care must be taken in the supply power-on sequence.
The LH0084 may suffer irreversible damage if the V+
supply is applied prior to the powering on of the V—
supply. In most applications using dual tracking supplies
and with the device supply pins adequately bypassed,
this will not present a probiem. If this cannot be
guaranteed, a germanium or Schottky protection diode
should be connected between the digital ground pin and
the V= pin as shown in Figure 5.

15V

*Seetext

O
~15V
FIGURE 5. Power Supply Connections




Applications Information (continueq)

SIGNAL CONNECTIONS

The input signals should be connected as shown in
Figure 6. To minimize errors, Rg(+), Rg(—) and Rgy
should be kept as small as possible.

The output connections are also shown in Figure 6. The
feedback leads should be kept short as should the
ground sense in order to minimize lead resistance and
parasitic capacitance.

OFFSET AND GAIN ADJUSTMENTS

Special care must be taken when using external offset
adjustment. Since the LH0084 is a 2-stage amplifier with
each stage contributing offset errors, and the amplifier
presumably is used at several different gains, it is impor-
tant to realize that the offsets of both the 1st and the 2nd
stages must be nulled to maintain zero offset referred to
output (RTO) at all gain settings.

In general, it is recommended that the input stage offset
(Vios) be adjusted with a potentiometer as shown in
-Figure 7. The output stage offset (Vogs) is ideally ad-
justed at a subsequent gain stage (i.e. sample-and-hold
or A-to-D converter), but if this is impractical, it may also
be done as shown in Figure 7.

Vint+)
- Rg{+) 3

6(70R8)

~d 10

{ 13(120R 1)

INPUT
OFFSET
ADJUST

O Vour

Recommended offset adjust procedure is as follows: in-
itially set both pots to center positions and short both in-
puts of the LH0084 to ground.

a) Set the input stage gain to 1 (puli D1 and DO low).
Measure the output voltage, Voyry.

b) Set the input stage gain to 10 (pull D1 and DO high).
Measure the new output voltage, Voyro

c) Calculate the portion of Vgyt, contributed by the out-
put stage offset per the equation:

4
Voos = ry (10-Voym — Vout2) (4)

d) While maintaining an input stage gain of 10, adjust the
input offset voltage (V|os) potentiometer until the out-
put voltage is equal to the voltage calculated in Equa-
tion (4).

e) Change the input back to a gain of 1 and adjust the
output offset voltage (Vpog) potentiometer untit the
output voltage is zero.

—O Vour

VouT = AvIVIN(+) = VIN(= )1 + VREF

OUTPUT 15V
OFFSET
ADJUST
160k 10
100k

-15v

FIGURE 7. Offset Adjust Circuit
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LH0084/LH0084C

Applications Information (continued)

An alternate offset adjust scheme is shown in Figure 8.
The offset should be rezeroed after each time the gain is
changed or when the op amp integrator drift warrants a
new zero pulse. An additional advantage of this adjust-
ment technique is that it can also be used to cancel out
offset voltage drift and common-mode voltage error con-
tributions.

External gain adjustment is generally discouraged since
gain accuracy can be optimized for one gain setting only.
If gain adjustment is required, however, it should be done
at a subsequent gain stage.

1/2 LF11333
| |

5V ——
ov

300 us MIN

LOGIC CONNECTIONS

The digital inputs D1 and DO are referenced to the digital
ground. The device interfaces directly to TTL and, with
pull-down resistors, to CMOS.

Interfacing with microprocessors will usually require a
latch. A circuit using full 6-bit wide address decode and
write strobe is shown in Figure 9. ’

REMOTE OUTPUT SENSE

The feedback resistors of the LH0084 can be connected
directly at the load in order to eliminate errors due to lead
resistance (Figure 10).

1/2 LF11333
r I

*Polystyrene, Teflon or
Polypropylene Dielectric

(DEPENDS DN VALUES OF R AND C)

ZERO PULSE

FIGURE 8. Auto Zero Circuit

Vin

11

LATCH
DATA BUS DM541574
MICROPROCESSOR
U"‘;;';“ 1/4 DMSALS32
ADDRESS BUS M companaToR
- oM7131
ADDRESS SELECT

FIGURE 9. Typical Micropr;)cessor Interface

L—O Vout

OUTPUT SENSE

Vin

13(120R 11)

+
<
:Vuur l lout
GND SENSE -

GND FORCE

llouTl<s mA

FIGURE 10. Remote Sense Connection




Applications Information (continued)

Also a unity gain buffer, such as the LH0033, may be
included in the feedback loop for increased current drive
capability as shown in Figure 11.

QUTPUT SENSE

The output sense feature can also be used in other ways
such as output offset, Figure 12, or current source output,
Figure 13.

ViN
+ +
il I 1301208 1) vuml.gm Vout
= GND SENSE - You = e -
GND FORCE / = = =
_L VouT=Ay"VIN + VREF
= llouTl<90 mA [VouTl<tov
FIGURE 11. Buftered Output Connection FIGURE 12. Output Offset Connection
LH0084 Ay VIN
lout =
11(12 08 13) RsgT
llouTI<5 mA
llouT(RL + RsgT)i<10V
' AL'S |tour
FIGURE 13. Output Current Source Connection
Applications

The LH0084 is ideal for application in increased dynamic
range A-to-D converters, test systems, process control,
and muiti-channel data acquisition systems. Figure 14
shows the device used in a typical data acquisition-
system.

A software offset and gain error correction scheme is
shown in Figure 15. By first selecting a multiplexer input

connected to analog ground, and then selecting a
channel connected to a reference of known value, the
overall system gain and offset errors can be calculated.
For all subsequent readings, offset and gain corrections
can be made mathematically by solving a simple first-
order equation in software.

PROG. GAIN
PREAMP MUX INST. AMP S/H A/D
HIGH AND
MEDIUM + §
LEVEL “
ANALOG | 0=t LF11508 LH0084 LF198 ADCI21D
weut L,
LOW LEVEL : 13
ANALDG LH0038 =
INPUT =
[
1 15 I I +
AV =
= RAM
= —>
1 1 B
‘ DATA BUS
LATCH :
1 1,
CONTROL | R
LOGIC « >
MICRO-
PROCESSOR

ADDRESS BUS

FIGURE 14. Typical Data Acquisition System
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LH0084/LH0084C

Applications (continued)

LH0070 Mux

v VREF

(Vgsz, Aya)

= WVos1. Avy)

MICRO-
PROCESSOR

A/D ’

(Vosa. Ava)

I

(Vos3. Av3)

FIGURE 15. Software System Offset and Gain Calibration Circuit

Definition of Terms

Input Offset Voltage, V|os: The voltage which must be
applied to the inputs to force the output of the input
stage to OV. V|og can be calculated by measuring Vg
(RTO) at input stage gains of 1 and 10 and using the
following equation:

1 v
V|os=;(Vos AV=1o"VOS Av=1)

where:
Vos I py = 10= Overall offset (RTO) for Ay=10

Vos I a=1 = Overall offset.(RTO) for Ay=1

Input Offset Current, lgs: The difference in the currents
into the 2 analog input terminals at OV.

Input Bias Current, 1g: The average of the currents into
the 2 analog input termmals at OV.

Input Resistance, Rjy: Common mode input resistance is
the change in input voitage range divided by the change
in input bias current with both analog inputs at the same
voltage. Differential input resistance is the change in in-
put voltage at one input terminal divided by the change in
input current at the other input terminal which is kept still
at OV.

Input Voltage Range, V|: The voltage range for which the
device is operational.

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

Power Supply Rejection Ratio, PSRR: The ratio of the

specified change in supply voitage to the change in input -

offset voltage over this range.

Voltage Gain, Ay: The ratio of output voltage change to
the input voltage change producing it.

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

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 operation with +15V sup-
ply). For testing purposes it is the difference between
positive swing gain (OV to 10V) and average gain(— 10V to
10V) or between negative swing gain (OV to - 10V) and
average gain.

Output Stage Offset Voltage, Vops: The voltage which
must be applied to the input of the output stage for the
output to be forced to OV. Voo can be calculated by
measuring Vog (RTO) at input stage gains of 1 and 10 and
applying the following equation:

Ay= 10)

;
Voos=—(10'Vos ay=1~Vos
-9

where
Vosl ay< 1 = Overall offset (RTO) for Ay =1
Vos| a, - 1= Overall offset (RTO) for Ay=10

Offset Voltage (Referred to Output), Vogrroy: The output
voltage when both inputs are connected to OV. Vpg is
composed of input offset voltage, Vs, and output offset
voltage, Vgos, and is a function of amplifier gain. The

" overall offset voltage is given by:

7 Vos(rTo) = AvfAvg Vios + Voos)
where:
V\0s = Input offset voitage
Voos = Output stage offset voltage

Ay = Input stage gain

Ay(2)=Output stage gain
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Definition of Terms (continuedq)

Output Voltage Swing, Vq: The peak output voltage swing
referenced to ground into specified load.

Output Short-Circuit Current, lg: The current supplied by
the device with the output connected directly to ground.

Output Resistance, r,: The ratio of change in output
voltage to change in output current around zero output.

Supply Voltage Range, Vg: The supply voltage range for
which the device is operational.

Supply Current, Ig: The current required from the supply
to operate the device with zero load and with the analog
as well as the digital inputs at OV.

Power Dissipation, Pp: The power dissipated in the
device with zero load and with the analog as well as the
digital inputs at OV.

Digital “1” Input Voltage, V\: Minimum voltage required
at the digital input to guarantee a high logic state.

Digital “0” Input Voltage, V; : Maximum voltage required
at the digital input to guarantee a low logic state.

Digital “1” Input Current, ly: The current into a digital in-
put at specified logic level.

pigital “0” Input Current, lj.: The current into a digital in-
put at specified logic level.

Average Input Offset Voltage Drift, AV|gg/AT: The ratio of
input offset voltage change from 25°C to either
temperature extreme divided by the temperature range.

Average Output Otfset Voltage Drift, AVgos/AT: The ratio
of output offset voltage change from 25°C to either
temperature extreme divided by the temperature range.

Average Gain Temperature Coefficient, AAy/AT: The ratio
of change in gain from 25°C to either temperature
extreme divided by the temperature range.

Small Signal Bandwidth, BW: The frequency at which the
device gain changes from the low frequency gain by a
specified amount.

Power Bandwidth, PBW: Maximum frequency for which
the output swing is a large signal sinewave without
noticeable distortion.

Slew Rate, SR: The internally limited rate of change in
output voitage with a large amplitude step function ap-
plied at the input.

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

Gain Switching Time: The time between the initiation of a
gain logic change and the time when the final gain
switches are closed. It'includes overdrive recovery time,
but not settling to final value.

Equivalent Input Noise Voltage, Ey: The rms or peak
noise voltage referred to the input (RT) over a specified
frequency band.

Equivalent Input Noise Current, Iy: The rms or peak noise
current referred to the input (RTI) over a specified fre-
quency band.
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LH0086/LH0086C

National
Semiconductor

LHO0086/LH0086C Digitally-Programmable-Gain Amplifier

General Description

The LH0086 is a self-contained, high-accuracy, digitally-
programmable-gain amplifier. It consists of a FET-input
operational amplifier, a precision resistor ladder, and a
digitally-programmable switch network. A three-bit TTL-
compatible digital input selects accurate gain settings
of 1, 2, 5, 10, 20, 50, 100, or 200.

The LH0086 exhibits low offset voltage, high input im-
pedance, fast settling, high power supply rejection ratio,
and excellent gain accuracy and gain non-linearity.

The LH0086 is specified for operation from —55°C to
+125°C. The LHO086C is specified from —-25°C to +85°C.
Both devices are hermetically sealed in a 14-lead dual-
in-line metal package. ’

Features

® 0.01% gain accuracy at gain =1
B 0.005% gain non-linearity

m 1ppm/°C typical gain drift

® 10'°Q |nput impedance

® 80dB minimum PSRR.

B TTL-compatible digital inputs
B 2us settling to 0.01%

Applications

B Data acquisition systems
m Auto range DVMs
B Adaptive servo loops

Simplified Schematic

OFFSET
v+ ADJUST

} |

SIGNAL 412 |
N0 © T

. L

4

00 O—— 10F8
DIGITAL 3 DECODER
INPUT | D1 O

DIGITAL oy 1 |
GND

Connection Diagram

Dual-In-Line Package

-/
C1
DIGITAL GND ———] LY v
2 1
0z — 113 -
DIGHTAL 3 12
(111 0 T - SIGNAL GND
: 4
00 —— $ - rreomack
<
5 10
YouT (SENSE) ViN-
] 9
Vou (FORCE) — OFFSET ADJ
7 )
VIN+ OFFSET ADJ
CASE IS ELECTRICALLY ISOLATED
Top View

Order Number LH0086D or LH0086CD
See NS Package D14F
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Absolute Maximum Ratings

Vs  Supply Voltage (Note 1)
Vin  Analog input Voltage (Note 2)
VIL(H) Digital Input Voltage
Po  Power Dissipation
Qutput Short Circuit Duration

+18V

+15V

-4V, +Vg
500mwW
Continuous

Ta

DC Electrical Characteristics

Vs =+15V, R =10KQ, Tuin < Ta < Tuwax, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting)

’

Operating Temperature Range:
LH0086
LH0086C

Tste Storage Temperature

Lead Temperature (soldering, 20 seconds) +300°C

-55°Cto +125°C

-25°Cto +85°C
—65°C to +150°C

LH0086

LH0086C

Parameter Conditions Units
Min. | Typ. | Max. | Min. | Typ. | Max.
Vos Input Offset Voltage LTJ =25°C 03 | 50 0.3 10
7.0 13 mv
Vos/AT Input Offset Voltage ViN=0V 10 10 wVi°C
Change with Temperature
I Input Bias Current (Notes 3, 4) | T; =25°C 100 | 500 100 | 500 | pA
500 100 nA
Rin Input Resistance - 10 10 GQ
Vin Input Voltage Range +10 |£11.5 +10 (£11.5 \'
Ay Voltage Gain 1.0 1.0
2.0 2.0
5.0 5.0
See Taple 1,p. 5, 10 10
for Digital Gain- VIV
Control Codes 20 20
50 50
100 100
200 200
Gain Error Ay=1 0.003} 0.0t 0.003| 0.03
Ay=25 ' 0.03 | 0.05 005 0.1
Ay =10,20 Ta=25%C 005 | 0.1 01| 02
Ay =50,100,200 01| 02 015| 0.3 %
Ay=1 0.003| 0.02 0.003| 0.06
Ay=25 0.03 | 01 005 0.2
Ay = 10,20 0.1 0.2 0.1 0.3
Ay =50,100,200 0.15| 0.3 0.15| 0.4
- Gain Non-Linearity Ay=1 Ta=25°C 0.002 0.002 o
|0.005 0.005
AAV/AT Gain Temperature Coefficient | Ay=1 1.0 1.0 ppm/°C
PSRR Power Supply Rejection Ratio | +8V < Vg < =18V 80 90 70 90 dB
Vo Output Voltage Swing RL = 10kQ +10 | =12 +10 | %12 \

Note 1: Improper supply power-on sequence may damage the device. See Power Supply Connection Section under Applications

Information.

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

Note 3: Due to short production test time, these parameters are specified at junction temperature, Ty =25°C. In normal operation the
junction temperature rises above the ambient temperature, T, as a result ot the internal power dissipation, PD. Ty = Tp + 6j4 X PD where
Bja is the thermal resistance from junction to ambient (typically 65°C/W).

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in junction temperature.

O9800H1/9800H1
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DC Electrical Characteristics (cont'q)

Vs ==+15V, R =10kQ, Tuin € Ta < Tuax, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting).

LH0086/LH0086C

LH0086 LH0086C
Parameter Conditions Units
Min. | Typ. | Max. | Min. | Typ. | Max.
Isc Output Short-Circuit Current Ta=25°C +5 | +18 | +30 | =5 | 18 | +30 mA
+2 %30 | 2 +30 )
Ro Output Resistance AvcL =1 0.05 0.05 .Q
ViL Digital 0" Input Voltage 0.7 0.7 v
Vi Digital “1” Input Voltage 20 20
e Digital “0” Input Current Vin=0.4V 1.5 | 4.0 15 | 4.0 A
iy Digital “1” Input Current Vin=2.4V 0.01 0.01 K
Vs Supply Voltage Range +8.0 +18 | +8.0 +18 * \
1Y Positive Supply Current 85 | 155 8.5 | 155
s sitive Supply Vg =218V ' mA
1) Negative Supply Current -45| -85 -45| -85
AC Electrical Characteristics
Vg =+15V, To =25°C, R =10k, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting)
Parameter Conditions Min. Typ. Max. Units
BW Small Signal Bandwidth Ay=1 3000
' -3dB Ay =50 60
Ay =200 15
kHz
Ay=1 425
-1% Ay =50 8.5
Ay =200 2
PBW  Power Bandwidth 159 kHz
Vo =10V
SR Slew Rate ) 10 Vius
. Ay =1 25
ts Settling Time (Figure 7) 0.01% | AVg =20V Ay =50 20 us
. ) Ay =200 75 us
ts Settling Time After Gain 10
Change
ey Equivalent Input Noise BW=0.1-10Hz 3 uVpp
Volitage (Figure 6) Rg =100Q 25 VIVAz
= Av=100 | f=1kHz
in Equivalent Input Noise Current 0.01 pAIVHz
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LH0086/LH0086C

Applications Information

Theory of Operation

The LHOO086 is a digitally programmable gain amplifier
with 3-bit digital gain control. It contains a FET-input
operational amplifier, a precision resistor ladder, and a
digitally programmable switch network.

The LHO0086 was designed for use in a non-inverting con-

figuration, thus the following discussion covers the
LHO086 as used as a non-inverting amplifier. The gain of
the LHO086 is given by the familiar galn equation of a
non-inverting amplifier.

Re
Ay=1+—F
v=ltes

Each gain step is set by the ratio of the ladder resistors.
The resistor ladder is constructed with high stability,
low temperature-coefficient resistors precision laser-
trimmed to the required values. FET switches are used
to select the desired ratio. Since the FET switches are in
series with the operational amplifier input, their “‘on
resistance” and temperature drift do not degrade ampli-
fier accuracy. The FET switches are selected by a 1 of 8
decoder, by applying the proper logic levels at digital in-
puts DO, D1, and D2. The gains are set as given in Table 1.

Table 1. Gain-Control dees

Gain | D2 | D1 DO
1 0 0 0

2 0 0 1

5 0 1 0

10 0 1 1
.20 1 0 0
50 1 0 1
100 1 1 0
200 1 1 1

Power Supply Connection

Proper power supply connections are shown in Figure 1.
The power supplies should be bypassed to ground as
close as possible to device supply pins. For most apph-
cations, the bypass capacitor should be 0.1uF.

v+
0.14F

_L—-II—-<

LH0086

~Vx

13

.

1
P o o
SINGLE POINT GROUND

I i

*GERMANIUM OR SCHOTTKY

L}

Figure 1. Power Supply and Ground Connections

Caremust be taken in the power-on sequence. The LH0O086
may suffer irreversible damage if the V* supply is applied
prior to the powering on of the V-~ supply. In most appli-
cations using dual-tracking supplies and with the
device supply pins adequately bypassed, this will not
present a problem. If this cannot be guaranteed, a
germanium or Schottky protection diode should be
connected between the digital ground pin and the V™ pin
as shown in Figure 1.

Grounding Considerations

Care should be taken in the connection of digital and
analog grounds. Digital switching currents can introduce
noise on the analog ground pin. If possible, both grounds
should go to a ground plane beneath the device,
otherwise each ground should be run separately to a
single point ground. The idea is to keep digital current
from passing through the analog ground line. If long
ground leads are used, diode clamps should be placed
as close to the device as possible (Figure 1).

Programmable Attenuator

The LH0086 may be used as a programmable attenuator
when connected as in Figure 2. The accuracy of this at-

~ tenuator will be typically 0.1%.
. Note: Max. V|y ==11 Volts.

tH0086
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/
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<
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e
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<

300Q

150Q

11T

150Q

AAA




Table 2. Attenuator Codes

D2 | D1 | DO | Attenuation
0 0 0 1
0 0 1 2
0 1 0 5
0 1 1 10
1 0 0 20
1 0 1 50
1 1 0 100
1 1 1 200

Inverting Mode

The LH0086 may be used in the inverting mode, how-

ever, there are several design considerations.

1. Input resistance is low at high gains (see gain chart

for input resistance at each gain).

2. Each gain step gets a one subtracted from the non-
inverting gain. (See inverting gain chart for available

gains.)

Table 3. Inverting Gain Chart

D2|D1| DO Gain Ry @)
olofo Ay =0 30k
0|01 Ay=1 15k
ol1]o0 Ay=4 6k
011 Ay=9 3k
1100 Ay=19 1.5k
1101 Ay =49 600
111]o0 Ay=99 300
1011 Ay=199 | 150

Remote Output Sense

The Vpyr sense pin of the LH0086 should be connected

at the load in order to eliminate errors due to lead resist-

3. The first gain step (digital code of 000) cannot be
used because the output will remain at virtual ground
regardless of the input.

LHO086

S~
L

Do

D1

02

\ A4

| W

VIN

Figure 3. LHO0086 Inverting Gain Configuration

[EE K

Vour

Figure 4. Remote Output Sense

LH0086

S0Q

AAA
\A

g . Ay=100

AAA
\4

—_—

ance. In any case the output sense and output force
must be tied together at some point. See Figure 4.

LHO086

f

V-

Figure 5. Offset Adjustment

FILTER UNIT
QUAN-TECH
2181
T 0SCILLOSCOPE
0.1Hz 70 10Kz TEK 7613
FILTER OR EQUIV.

L

TA22

Figure 6. Noise Measurement Circuit
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LHO086

™~

AA
\ A4

|||-

VERY FAST
SETTLING AMP

<
< 1kQ
<

OUTPUT ERROR

>
< 1k@

TO SCOPE INPUT

Figure 7. Settling Time Test Circuit
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.LH0086/LH0086C

Definition of Terms

Vos

RN

Vin

PSRR

Ay

Vo

loisc)

Ro

Offset Voltage: The voltage that must be
applied to force the output to 0 volts.

Input Bias Current: The current into Pin 7 with
the device connected in the non-inverting con-
figuration. -

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

Input Voltage Range: The voltage range for
which the device is operational.

Power Supply Rejection Ratio: The ratio of the
specified change in supply voltage to the
change in input offset voltage over this range.

Voltage Gain: The ratio of output voltage
change to the input voltage change producing it.

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

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 operation with +15V supplies). For testing
purposes it is the difference between positive
swing gain (OV to 10V) and average gain (—10V
to 10V) or between negative swing gain (OV to
-10V) and average gain.

"Output Voltage Swing: The peak output

voltage swing referenced to ground into speci-
fied load.

Output Short-Circuit Current: The current sup-
plied by the device with the output connected
directly to ground.

Closed Loop ‘Output Resistance: The ratio of .

change in output voltage to change to output
current at a specific gain.

Supply Voltage Range: The supply voltage
range for which the device is operational.

Supply Current: The current required from the
supply to operate the device with no load and
with the analog as well as the digital inputs at OV.

Vi

ViL

AVog/AT

AAyIAT

BW

PBW

SR

en

Power Dissipation: The power dissipated in
the device with no load and with the analog as
well as the digital inputs at OV.

Digital “1” Input Voltage: Minimum voltage
required at the digital input to guarantee a high
logic state.

Digital “0” Input Voltage: The current into a
digital input at specified logic level.

Average Input Offset Voltage Drift: The ratio
of input offset voltage change from 25°C to
either temperature extreme divided by the tem-
perature range.

Average Gain Temperature Coefficient: The
ratio in gain from 25°C to either temperature
extreme divided by the temperature range.

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

Power Bandwidth: Maximum frequency for
which the output swing is a large signal sine-
wave without noticeable distortion.

Slew Rate: The internally limited rate of change
in output voltage with a large amplitude step
function applied at the input.

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.

Gain Switching Time: The time between the
initiation of a gain logic change and the time
when the final gain switches are closed. It in-
cludes overdrive recovery time, but not settling
to final value.

Equivalent Input Noise Voltage: The rms or
peak noise voltage referred to the input (RTI)

over a specified frequency band.

Equh)alent Input Noise Current: The rms or
peak noise current referred to the input (RTI)
over a specified frequency band.
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Each of these circuits includes input and output buffer amplifiers and analog switches for a complete sample and ho!d function.

Section 4. Sample & Hold Amplifiers

Part Number

Accuracy Drift Rate Acquisition Aperture -55°C to -25°C to Page
Features {Max) (TA=25°C) Time Time 125°C 85°C Number
Monolithic +0.02% . 30mV/s 4us 25ns LF198 LF298 4-18
(Note 1) (Note 1) :
20us
(Note 2)

Low Drift +0.01% 2mVis 50us 150ns LH0023G 4-4
' +0.02% (Note 2) (Note 2) LH0023CG

Medium Speed +0.1%" 25mVis 10us 20ns LH0043G 4-4
+0.3% (Note 1) (Note 1) LH0043CG

High Speed +0.2% 30mvVi/s Sus 25ns LHO053G . 412
+0.3% (Note 1) (Note 1) LH0053CG

Note 1: Cg=1000pF.
Note 2: Cg=0.01uF.
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LH0023/LH0023C, LH0043/LH0043C

National
Semiconductor

Sample and Hold

LH0023/LH0023C, LH0043/LH0043C Sample

and Hold Circuits

General Description

The LH0023/LH0023C and .LH0043/LH0043C
are complete sample and hold circuits including
input buffer amplifier, FET output amplifier,
analog signa! sampling gate, TTL compatible logic
circuitry and level shifting. They are designed to
operate from standard *15V DC supplies, but
provision is made on the LH0023/LH0023C for
connection of a separate +5V logic supply in
minimum noise applications. The principal differ-
ence between the LH0023/LH0023C and the
LHO0043/LH0043C is a .10:1 trade-off in perfor-
mance on sample accuracy vs sample acquisition
time. Devices are pin compatible except that TTL
logic is inverted between the two types.

The LHO0023/LH0023C and LHO0043/LH0043C
are ideally suited for a wide variety of sample and

Features

LH0023/LH0023C

Sample accuracy—0.01% max

Hold drift rate—0.5 mV/sec typ

Sample acquisition time-100 us max for 20V
Aperture time—150 ns typ

Wide analog range—£10V min

Logic input—TTL/DTL

Offset adjustable to zero with single 10k pot -
Output short circuit proof

hold applications .including data acquisition,
analog to digital conversion, synchronous demodu-
lation, and automatic test setup. They offer
significant cost and size reduction over equivalent
module or discrete designs. Each device is available
in a hermetic TO-8 package and are completely
specified over both full military and instrument
temperature ranges. T

The LHO0023 and LHO043 are specified for opera-
tion over the —-55°C to +125°C military tempera-
ture range. The .LH0023C and LHO0043C are
specified for operation over the -25°C to +85°C
temperature range. .

Features

LH0043/LH0043C

® Sample acquisition time—15 us max for 20V
4 us typ for 5V

Aperture time—20 nS typ

Hold drift rate—1 mV/sec typ

Sample accuracy—0.1% max

Wide analog range— 10V min

Logic input—TTL/DTL °

Offset adjustable to zero with singie 10k pot

Qutput short circuit proof

Block and Connection Diagrams
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Absolute Maximum Ratings

Supply Voltage (V* and V™) 20V
Logic Supply Voltage (V) LH0023, LH0023C +7.0V
Logic Input Voltage (Vg) +5.5V
Analog Input Voltage (V) 15V
Power Dissipation See graph
Output Short Circuit Duration Continuous

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

Operating Temperature Range L.H0023, LH0043
LH0023C, LH0043C

Storage Temperature Range

Lead Soldering (10 sec)

Electrical Characteristics LH0023/LH0023C (Note 1)

LIMITS
PARAMETER CONDITIONS - LH0023 LH0023C UNITS
MIN TYP MAX | MIN TYP MAX
Sample (Logic 1) Vee = 4.5V 20 2.0 \
Input Voltage
Sample {Logic ““1"') Vg = 2.4V, Ve = 5.5V 5.0 5.0 HA
Input Current
Hold (Logic “0") Vee = a5v 0.8 0.8 \
Input Voltage
Hold (Logic “0") Vg = 0.4V, Ve = 5.5V 0.5 0.5 mA
Input Current
Analog Input +10 Ea R 10 M v
Voltage Range
Supply Current - 4o Vg =0V, Vg =2V, 4.5 6 4.5 6 mA
Vy, =0V
Supply Current — l45 Vg =0V, Vg =04V, 4.5 6 4.5 6 mA
V,, =0V
Supply Current — Ig VB =5.0V, Vg = 0 1.0 1.6 1.0 1.6 ) mA
Sample Accuracy Vgur = 210V (Full Scale) 0.002 0.01 0.002 0.02 %
DC Input Resistance Sample Mode 500 1000 300 1000 393
Hold Mode 20 25 20 25 kQ
Input Current — |g Sample Mode 0.2 1.0 0.3 1.5 HA
Input Capacitance 3.0 3.0 pF
Leakage Current — Vg =210V V,, = 210V, 10.0 200 20.0 500 PA
pin 1 T, =25°C
Vg = £10V; V,, = 10V 25 2 nA
Drift Rate Vour = 5V, Cg = 0.01 uF, 0.5 05 mV/s
Ta=25°C
Drift Rate Vgur = 210V, 1.0 20 20 50 mV/s
Cg =001 uF, T, -25°C
Drift Rate Vour = £10V. 0.50 0.2 | mV/ms
Cg =0.01 uF
Aperture Time 150 150 ns
Sample Acquisition AV, =20V, 50 100 50 100 us
Time Cg = 0.01 uF
Qutput Amplifier 1.5 3.0 15 3.0 V/us
Slew Rate .
Output Offset Voltage | Rg <10k, Vg =0V, +20 +20 mv
{without null} VG - 20V .
Analog Voltage R. > 1k, Ta=25°C £10 1 +10 \
Qutput Range RL 2> 2k +10 12 +10 t Y

Note 1: Unless otherwise noted, these specifications apply for vt

= +18V, Vg = 5V, V™ =

15V, pin 9 grounded, a

0.01uF capacitor connected between pin 1 and ground over the temperature range 55°C to +125°C for the LH0023, and
25"C to +85°C for the LH0023C. All typical values are for Ta = 25°C.

OEY00H1/SP00H1
‘0E200HT1/S200HT



LHO0023/LH0023C, LH0043/LH0043C

Electrical Characteristics LH0043/LH0043C: (Note 2)

LIMITS
LH0043 LH0043C
PARAMETER CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX
Hold (Logic “'1"") 2.0 2.0 v
Input Voltage
Hold (Logic 1) Vg = 2.4V 5.0 50| uA
Input Current
Sample {Logic “0"') 0.8 0.8 \Y
Input Voltage
Sample (Logic “0") Vg = 0.4V 1.5 1.5 mA
Input Current
Analog Input +10 N +10 11 A\
Voltage Range
Supply Current Vg =0V, Vg =2V, V, =0V 20 22 20 22 mA
Vg =0V, Vg = 0.4V, 14 18 14 18 mA
Vi =0V
Sample Accuracy Vour = 10V (Full Scale) . 0.02 0.1 0.02 0.3 %
DC Input Resistance | T =25°C 1010 1012 1010 1012 Q
Input Current — |g 1.0 5.0 20 100 | nA
Input Capacitance 1.5 15 pF
Leakage Current— Vg =210V V,y = £10, 10 25 20 50 pA
pin 1 Te = 25°C
Vg = +10V;V,, = £10V 10 25 2 5 nA
Drift Rate Vour = 10V, Cg = 0.001 uF, 10 25 20 50 | mv/s
Tc=25°C
Drift Rate Vout = £10V, Cg = 0.001 uF 10 25 2 5 mV/ms
Drift Rate Vour = £10V, Cg = 0.01 uF, | 1 2.5 2 5 | mvss
) Tc=25°C .
Drift Rate Vour = *10V, Cg = 0.01 uF 1 25 0.2 0.5 ImV/ms
Aperture Time 20 60 20 60 ns
Sample Acquisition AVqyTt =20V, Cg = 0.001 uF 10 15 10 15 us
Time AVOUT =20V, Cg = 0.01 uF 30 50 30 50 us
AVoyr = 5V, Cs = 0.001 uF 4 -4 Hs
Output Amplifier Vgout = 5V, Cg = 0.001 uF 15 3.0 15 30 Vips
Slew Rate :
Output Offset Voltage | Rg < 10k, Vg =0V, Vg = 0V +40 +40 mV
(without null) :
Analog Voltage R > 1k, To=25°C 10 11 +10 1 \
Output Range Ry > 2k *10 *12 +10 2 v

Note 2: Unless otherwise noted, these specifications apply for vt

= +15V, VT =-15V, pin 9 grounded, a 5000 pF capacitor

connected between pin 1 and ground over the temperature range ~55°C to +125°C for the LH0043, and ~25 C to +85°C
for the LHO043C. All typical values are for T¢ = 25°C.

Typical Performance Characteristics

Power Dissipation
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Typical Performance Characteristics (continueq)
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Typical Applications
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Note 1: C1 is polystyrene.

Note 2: €2, C3, C4 are cermic disc.

Note 3: Jumpet 7-8 and C4 not required for LHOG43.
Note 4: R1 optional if zero trim is required.”

How to Build a Sample and Hold Module
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LH0023/LH0023C, LH0043/LH0043C

Typical Applications (continued)
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Schematic Diagrams
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LHO0023/LH0023C, LH0043/LH0043C

Applications Information
1.0 Drift Error Minimization

In order to minimize drift error, care in selection
of Cg and layout of the printed circuit board is
required. The capacitor should be of high quality
Teflon, polycarbonate, or polystyrene construc-
tion. Board cleanliness and layout are critical
particularly at elevated temperatures. See AN-63
for detailed recommendations. A guard conductor
connected to the output surrounding the storage
node (pin 1) will be helpful in meeting severe
environmental conditions which would otherwise
cause leakage across the printed circuit board.

2.0 Capacitor Selection

The size of the capacitor is dictated by the re-
quired drift rate and acquisition time. The drift is
determined by ‘the leakage current at pin 1 and

dav g
may be calculated by o where | is the
S

total leakage current at pin 1 of the device, and
Cs is the value of the storage capacitor.

2.1 Capacitor Selection — LH0023

At room temperature leakage current for the
LH0023 is approximately 100 pA. A drift rate of
10 mV/sec would require a 0.01 uF capacitor.

For values of Cg up to 0.01 uF the acquisition
time is limited by the slew rate of the input buffer
amplifier, A1, typically 0.5 V/us. Beyond this
point, current availability to charge Cg also enters
the picture. The acquisition time is given by:

J2%RCs 5, 103y AT,

t 0.5 x 109

"

A
where: R = the internal resistance in series with Cg
Aeg = change in voltage sampled

An average value for R is approximately
600 ohms. The expression for t, reduces to:

A

Aen Cq

ta 20

For a -10V to +10V change and Cg = .05 uF,
acquisition time is typically 50 us.

2.2 Capacitor Selection—LH0043

At 25°C case temperature, the leakage current for
the LHO043G is approximately 10 pA, so a drift
rate of 5mV/s would require a capacitor of
Cg=10-10""?/5 -10™* = 2000 pF or larger.

For values of Cs below about 5000 pF, the
acquisition time of the LH0043G will be limited
by the slew rate of the output amplifier (the
signal will be acquired, in the sense that the voltage

will be stored on the cépacitor, in much less time as
dictated by the slew rate and current capacity of
the input amplifiér, but it will not be available at
the output). For larger values of storage capaci-
tance, the limitation is the current sinking capabil-
ity of the input amplifier, typically 10 mA, With
Cs =0.01 uF, the slew rate can be estimated by
dv _ 10-1073 _
dt  001-1076
5 volt signal change of 5us.

1V/us or a slewing time for a

3.0 Offset Null

Provision is made to null both the LH0023 and
LHO0043 by use of a 10k pot between pins 3 and 4.
Offset null should be accomplished in the sample
mode at one half the input voltage range for
minimum average error.

4.0 Switching Spike Minimization—LH0043

A capacitive divider is formed by the storage
capacitor and the capacitance of the internal FET
switch which causes a small error current to be
injected into the storage capacitor at the termina-
tion of the sample interval. This can be considered
a negative DC offset and nulled out as described in
(3.0), or the transient may be nulled by coupling
an equal but opposite signal to the storage
capacitor. This may be accomplished by connect-
ing a capacitor of about 30 pF {or a trimmer)
between the logic input {pin 6) and the storage
capacitor (pin 1). Note that this capacitor must be
chosen as carefully as the storage capacitor tself
with respect to leakage. The LH0023 has switch
spike minimization circuitry built into the device.

5.0 Elimination of the 5V Logic Supply—LHQO23

The bV ylogic supply may be eliminated by
shorting pin 7 to pin 8 which connects a 10k
dropping resistor between the +15V and Ve.
Decoupling pin 8 to ground through 0.1 uF disc
capacitor is recommended in order to minimize
transients in the output.

6.0 Heat Sinking

The LHO0023 and L.HO043G may be operated
without damage throughout the military tempera-
ture range of 565 to +125°C {-25 to +85°C for
the LH0023CG and LH0043CG) with no explicit
heat sink, however power dissipation will cause the
internal temperature to rise above ambient. A
simple clip-on heat sink such as Wakefield
#215-1.9 or equivalent will reduce the internal
temperature about 20°C thereby cutting the leak-
age current and drift rate by one fourth at max.
ambient. There is no internal electrical connection
to the case, so it may be mounted directly to a
grounded heat sink.

7.0 fheory of>0peration-bLH0023

The LH0023/LH0023C is comprised of input
buffer amplifier, A1, analog switches, S1 and S2, a




Applications Information (continueq)

TTL to MOS level translator, and output buffer
amplifier, A2, In the “sample’” mode, the logic
input is raised to logic “1” (Vg < 2.0V) which
closes S1 and opens S2. Storage capacitor, Cg, is
charged to the input voltage through S1 and the
output slews to the input voltage. In the “hold”
mode, the logic input is lowered to logic ‘0"
(Ve < 0.8V) opening S1 and closing S2. Cg
retains the sample voltage which is applied to the
output via A2. Since S1 is open, the input signal
is overridden, and leakage across the MOS switch is
therefore minimized. With S1 open, drift is prima-
rily determined by input bias current of A2,
typically 100 pA at 25°C.

7.1 Theory of Operation—LH0043

The LHO0043/LH0043C is comprised of input
buffer amplifier A1, FET switch S1 operated by a
TTL compatible level translator, and output buffer
amplifier A2. To enter the “sample’” mode, the
logic input is taken to the TTL logic 0" state
(Ve = 0.8V) which commands the switch S1

ANALOG
INPUT

T \““//
we LA00000000 0

ANALOG

ouTPUT J -
L

L

closed and allows A1 to make the storage capaci-
tor voltage equal to the analog input voltage. In
the “hold” mode (Vg = 2.0V), S1 is opened
isolating the storage capacitor from the input and
leaving it charged to a voltage equal to the last
analog input voltage before entering the hold
mode. The storage capacitor voltage is brought to
the output by low leakage amplifier A2,

8.0 Definitions

Vg:  The voltage at pin 5, e.g., the analog
input voltage.

Vg: The voltage at pin 6, eg., the logic
contro! input signal.

V,,;: The voltage at pin 11, e.g., the output
signal. ’

Ta:  The temperature of the ambient air.

Te:  The temperature of the device case at
the center of the bottom of the header.

Acquisition Time:

The time required for the output (pin 11) to settle
within the rated accuracy after a specified input
change is applied to the input (pin 5) with the
logic input (pin 6) in the low state.

Aperture Time:

The time indeterminacy when switching from
sample mode to hold including the delay from the
time the mode control signal (pin 6) passes
through its threshold (1.4 volts) to the time the
circuit actually enters the hold mode.

Qutput Offset Voltage:

The voltage at the output terminal {pin 11) with
the analog input (pin 5) at ground and logic input
(pin 6) in the “"sample” mode. This will always be
adjustable to zero using a 10k pot between pins 3
and 4 with the wiper arm returned to V",

4-11
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LH0053/LH0053C

National
Semiconductor

LHO0053/LH0053C High Speed
Sample and Hold Amplifier

General Description

The LH0053/LH0053C is a high speed sample and hold
circuit capable of acquiring a 20V step signal in under
5.0us. .

The device is ideally suited for a variety of high speed
data acquisition applications including analog buffer
memories for A to D conversion and synchronous de-
modulation. )

Sample and Hold

Features

Sample acquisition time 10us max. for 20V signal
FET switch for preset or reset function

Sample accuracy null

Offset adjust to OV

DTL/TTL compatible FET gate

Single storage capacitor

Schematic and Connection Diagrams
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AC Test Circuit
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TOP VIEW

Order Number LH0053G or LH0053CG
See Package H12B
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-
Absolute Maximum Ratings §
Supply Voltage (V* and V=) +18V b
Gate Input Voltage (Vg) +20V F
Analog input Voltage (Vs) +15V T
Input Current (Ig and Is) +10mA 8
Power Dissipation 1.5W P53
Output Short Circult Duration Continuous 8
Operating Temperature Range

LH0053 —55°Cto +125°C

LH0053C —25°C to +85°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (ote 1)

Limits
Parameter Conditions LH0053 LH0053C Units
Min. | Typ. | Max. | Min. | Typ. | Max.
Sampie (Gate “0") Input Voltage , 0.5 0.5 \
Sample (Gate “0") Input Current | Vg=0.5V, To=25°C -5.0 -5.0 uA
: Ve=0.5V -100 -100 uA

Hold (Gate “1”) Input Voltage 4.5 4.5 \"

Hold (Gate ‘“1”) Input Current Vg =4.5V, Ty =25°C 1.0 nA
Ve=4.5V 1.0 uA

Analog Input Voitage Range +10 | =11 +10 | =11 \

Supply Current V4=0V, Vg=0.5V 13 18 13 18 mA

Input Bias Current (l4) V4=0V, Ta=25°C 120 250 150 500 nA

Input Resistance 5.0 10 15 5.0 10 15 kQ

Analog Output Voitage Range R =2.0kQ +10 | %12 +10 | %12 \Y

Output Offset Voltage V4=0V, Vg=0.5V, Ty =25°C 5.0 7.0 5.0 10 mV
Vy=0V, Vg=0.5V 10 15 mV

Sample Accuracy (Note 2) V4 =%10V, Vg =0.5V, TR =25°C 0.1 0.2 0.1 0.3 %

Aperture Time AVg=4.5V, Tp=25°C 10 25 10 25 ns

Sample Acquisition Time V4 =210V, Ty =25°C, 5.0 10 8.0 15 us
Cg =1000pF, Vg =0V

Sample Acquisition Time V4 =10V, To =25°C, 4.0 4.0 us
Cr=100pF, Vg =0V

Output Siew Rate AViy =10V, Ty = 25°C, 20 20 Vius

) Cg=100pF, Vg=0V ‘

Large Signal Bandwidth V4 =10V, Tp =25°C, 200 200 kHz
Cr=1000pF ’

Leakage Current (Pin 5) V4 =+10V, Ty = 25°C, 6.0 | 50 10 | 100 | pA
Vgy=+10V 30 30 nA

Drift Rate V4 =10V, Ty = 25°C, 6.0 50 10 100 | mVis
Cg =1000pF ’ )

Drift Rate V4 =+10V, C = 1000pF 30 30 | Vs

Note 1: Unless otherwise noted, these specifications apply for Vg =15V, pin 9 grounded, a 1000 pF capacitor between pin 5 and pin 11,
pin 3 shorted to pin 11, over the temperture range —55°C to +125°C for the LH0053 and —25°C to +85°C for the LH0053C. All typical
values are for Ty =25°C. .

Note 2: Sample accuracy may be nulled by inserting a potentiometer in the feedback loop. This compensates for source impedance
and feedback resistor tolerances.




LHO0053/LH0053C

Typical Performance Characteristics
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Typical Applications (continued)

ANALOG
INPUT

S/H o

LoGic

Sample and Hold

Applications Information

Source Impedance Compensation

The gain accuracy (linearity) of the LH0053/LH0053C is
set by two internal precision resistors. Circuit applica-
tions in which the source impedance is non-zero will
result in a closed loop gain error, e.g. if Rg =102, a gain
error of 0.1% results. Figures 1 and 2 show methods for
accomodating non-zero source impedance.

Drift Error Minimization

In order to minimize drift error, care in selecting Cr and
layout of the printed circuit board are required. The capa-
citor should be of high quality teflon, polycarbonate, or

polystyrene construction. Board layout and clean lines

are critical particularly at elevated temperature.

A ground guard (shield) surrounding pin 5 will minimize
leakage currents to and from the summing junction,
arising from extraneous signals. See AN-63 for detailed
recommendations.

Capacitor Selection

The size of the capacitor ié determined by the required -

drift rate usually at the expense of acquisition time.

The drift is dictated by leakage current at pin 5 and is
given by:

Qv _ b

dt = Cg
Where I is the leakage current at pin 5 and Cf is the
value of the capacitance. The room temperature leakage
of the LHOO53 is typically 6.0pA, and a 1000pF capacitor
will yield a drift rate of 6.0mV per second.

For values of Cg below 1000 pF acquisition for the LH0053
is primarily governed by the slew rate of the input ampli-
fier (20 Vius) and the setting time of the output amplifier
(=1.0us). For values above Cg=1000pF, acquisition
time is given by:

Vv
+ ts2
DSs

a7

Where:
Cg =The value of the capacitor
AV =The magnitude of the input step, e.g. 20V
Ipss =The ON current of switch Q1 = 5.0mA
tso = The setting time of output amplifier = 1.0us

4-15
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LHO0053/LH0053C

Applications Information (continued)

Figure 1. Non-Zero Source Impedance Compensation

o ®

LHO0053

VW~ +

A R

—

Figure 2. Non-Zero Source Impedance Buffering

Gate Input Considerations

5.0V TTL Applications

The LH0053 Gate input (pin 6) will interface directly with
5.0V TTL. However, TTL gates typically pull up to 2.5V in
the'logic “1” state. it is therefore advisable to use a
10kQ pull-up resistor between the 5.0V, V¢, and the
output of the gate as shown in Figure 3.

To obtain the highest speed and fastest acquisition time,
the gate drive shown in Figure 6 is recommended.

+5.0V .

GATE 54/74 S10k2

LH0053

Figure 3. TTL Logic Compatibility

CMOS Applications

The LHO053 gate input may be interfaced directly with
74C, CMOS operating off of Vc¢'s from 5.0V to 15V. How-
ever, transient currents of several milliamps can flow on
the rising and falling edges of the input signal. it is, there-
fore, advisable to paralle! the outputs of two 54C/74C
gates as shown in Figure 4.

It should be noted that leakage at pin 5in the hold mode
will be increased by a factor of 2 to 3 when operating
into 15V logic levels.

Ve 5.0V 10 15V

A INPUT P L

D

Figure 4. CMOS Logic Compatibility

Heat Sinking

.The LH0053 may be operated over the military tempera-

ture range, —55°C to +125°C, without incurring damage
to the device. However, a clip on heat sink such as the
Wakefield 215 Series or Thermalloy 2240 will reduce the
internal temperature rise by about 20°C. The result is a
two-fold improvement in drift rate at temperature.
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Applications Information (continued)

Since the case of the device is electrically isolated from
the circuit, the LH0053 may be mounted directly to a
grounded heat sink.

Power Supply Decoupling

Amplifiers A1 and A2 within the LHO053 are very wide
band devices and are sensitive to power supply induct-
ance. It is advisable to bypass V* (pin 12) and V™ (pin 10)
to ground with 0.1uF disc capacitors in order to prevent

oscillation. Should this procedure prove inadequate, the
disc capacitors should be paralleled with 4.7uF solid
tantalum electrolytic capacitors.

DC Oftset Adjust

Output offset error may be adjusted to zero using the
circuit shown In Figure 5. Offset null should be accom-
plished in the sample mode (Vs < 0.5V) and analog input
(pin 4) equal to zero volts.

Figure 5. Offset Null Circuit

+5¥

<

>
Sne

_Do____

1kQ

<

33k
TO PIN §

2N2222
{INVERTED)

Figure 6. High Speed Gate Drive Circuit

Definition of Terms

Voltage, V,: The voltage at pin 4, i.e., the analog input
voltage.

Voltage, Vg: The voltage at pin 6, i.e., the logic control
signal. Alogic “1” input, Vg < 4.5V, places the LH0053 in
the HOLD mode; a logic “0” input (Vg < 0.5V) places the
device in sample mode. )

Acquisition Time: The time required for the output (pin 11)

- to settle within the rated accuracy after a specified Input
change is applied to Analog Input 1 {pin 4) with logic
input, (pin 6) in the logic “0” state.

Aperture Time: The time indeterminacy when switching
from the “sample” mode to the HOLD mode measured
from the time the logic input passes through its thresh-
old (2.0V) to the time the device actually enters the
HOLD mode.

Sample Accuracy: Difference between input voltage and
output voltage while in the sample mode, expressed as
a percent of the input voltage.

O€S00H1/ES00HT



LF198/LF298/LF398

2 National
fi Semiconductor

Sample and
Hold Amplifiers

LF198/LF298/LF398 Monolithic Sample and Hold Circuits

General Description

The LF198/LF298/LF398 are monolithic sample and
hold circuits which utilize BI-FET technology to obtain
ultra-high dc accuracy with fast acquisition of signal and
low droop rate. Operating as a unity gain follower, dc
gain accuracy is 0.002% typical and acquisition time is
as low as 6us to 0.01%. A bipolar input stage is used to
achieve low offset voltage -and wide bandwidth. Input
offset adjust is accomplished with a single pin and does
not degrade input offset drift. The wide bandwidth
allows the LF198 to be included inside the feedback
loop of 1 MHz op amps without having stability
problems. Input impedance of 10109 allows high
source impedances to be used without degrading
accuracy.

P-channel junction FET’'s are combined with bipolar
devices in the output amplifier to give droop rates as
low as 5 mV/min with a 1uF hold capacitor. The JFET's
have much lower noise than MOS devices used in pre-
vious designs and do not exhibit high temperature
instabilities. The overall design guarantees no feed-
through from input to output in the hold mode even
for input signals equal to the supply voltages.

Features
® Operates from 5V to £18V supplies

®  Less than 10us acquisition time

u TTL, PMOS, CMOS compatible logic input

® 0.5mV typical hold step at Cp, = 0.01uF

= Low input offset

® 0.002% gain accuracy

®  Low output noise in hold mode

® Input characteristics do not change during hold mode
® High supply rejection ratio in sample or hold

= Wide bandwidth

Logic inputs on the LF198 are fully differential with
low input current, allowing direct connection to TTL,
PMOS, and CMOS. Differential threshold is 1.4V, The
LF198 will operate from 5V to 18V supplies. It is
available in an 8-lead TO-5 package.

OFFSET

Functional Diagram
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Absolute Maximum Ratings

Supply Voltage 18V {nput Voitage Equal to Supply Voltage
Power Dissipation (Package Limitation) (Note 1) 500 mW Logic To Logic Reference Differential Voltage +7V, 30V
Operating Ambient Temperature Range {Note 2)
LF198 -565°C to +125°C Output Short Circuit Duration Indefinite
LF298 -25°C to +85°C Hold Capacitor Short Circuit Duration 10 sec
LF398 0°C to +70°C Lead Temperature (Soldering, 10 seconds) 300°C
Storage Temperature Range -65°C to +150°C
Electrical Characteristics (note3)
LF198/LF298 LF398
PARAMETER CONDITIONS / UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage, {Note 6) Tj= 25°C ) 1 3 2 7 mV
Full Temperature Range 5 10 mV
Input Bias Current, (Note 6) Ti =25°C 5 25 10 50 nA
Full Temperature Range 75 100 nA
Input tmpedance Tj= 25°C 1010 1010 Q
Gain Error Ti =25°C, RL =10k 0.002 0.005 0.004 0.01 %
Full Temperature Range 0.02 0.02 %
Feedthrough Attenuation Ratio Tj= 25°C, Cp = 0.01uF 86 96 80 90 dB
at 1 kHz
Output Impedance Ti= 25°C, “HOLD" mode 0.5 2 0.5 4 Q
Full Temperature Range 4 6 Q
“HOLD" Step, (Note 4) Tj=25°C, Ch = 0.014F, VoyT =0 05 2.0 1.0 2.5 mv
Supply Current, (Note 6) Ti> 25°C 4.5 5.5 4.5 6.5 mA
Logic and Logic Reference Input T" =25°C 2 10 2 10 HA
Current s
Leakage Current into Hold Tj= 25°C, (Note 5) 30 100 30 200 PA
Capacitor (Note 6) Hold Mode
Acquisition Time to 0.1% AVouT = 10V, Ch = 1000 pF 4 4 us
Ch=0.01uF 20 20 us
Hold Capacitor Charging Current VIN - VouT =2V 5 5 mA
Supply Voltage Rejection Ratio VouT=0 80 110 80 110 dB
Differential Logic Threshold Tj=25°C 0.8 14 24 08-1 14 2.4 v

Note 1: The maximum junction temperature of the LF198 is 150°C, for the LF298, 115°C, and for the LF398, 100°C. When operating at
elevated ambicnt temperature, the TO-5 package must be derated based on a thermal resistance (9ja) of 150°C/W.

Note 2: Afthough the differential voltage may not exceed the limits given, the common-mcde voltage on the logic pins may be equal 10 the
supply voltages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below
the positive supply and 3V above the negative supply.
Note 3: Unless otherwise specified, the following conditions apply. Unit is in “sample” mode, Vg = +15V, Tj =25°C, =115V < ViN < +11.5V,
Ch = 0.01uF, and R = 10 k2. Logic reference voltage = OV and logic voltage = 2.5V.
Note 4: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an
additional 0.5 mV step with a 5V logic swing and a 0.01uF hold capacitor. Magnitude of the hold step is inversely proportional to nold capaci-

tor value,

Note 5: Leakage current is measured at a junction temperature of 25°C. The effects of junction temperature rise due to power dissipation or
elevated ambient can be calculated by doubling the 25°C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input

signal range.

Note 6: These parameters guaranteed over a supply voltage range of 15 to +18V.

Typical Performance Characteristics
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LF198/LF298/LF398

Typical Performance Characteristics (cont'a)
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Application Hints
Hold Capacitor

Hold step, acquisition time, and droop rate are the
major trade-offs in the selection of a hold capacitor
value. Size and cost may also become important for

larger values. Use of the curves included with this data -

sheet should be helpful in selecting a reasonable value
of capacitance. Keep in mind that for fast repetition
rates or tracking fast signals, the capacitor drive currents
may cause a significant temperature rise in the LF198.

A significant source of error in an accurate sample and
hold circuit is dielectric absorption in the hold capacitor.
A mylar cap, for instance, may ''sag back’ up to 0.2%
after a quick change in voltage. A long ‘soak”’ time is
required before the circuit can be put back into the
hold mode with this type of capacitor. Dielectrics with
very low hysteresis are polystyrene, polypropylene, and
Teflon. Other types such as mica and polycarbonate
are not nearly as good. Ceramic is unusable with > 1%
hysteresis. The advantage of polypropylene over poly-
styrene is that it extends the maximum ambient tempera-
ture from 85°C to 100°C. For more exact data, see the
curve labeled dielectric absorption error vs sample time.
The hysteresis numbers on the curve are final values,
taken after full relaxation. The hysteresis error can be
significantly reduced if the output of the LF198 is
digitized quickly after the hold mode is initiated. The
hysteresis relaxation time constant in polypropylene,
for instance, is 10—50 ms. if A-to-D conversion can be
made within 1 ms, hysteresis error will be reduced by a
" factor of ten.

DC and AC Zeroing

DC zeroing is accomplished by connecting the offset
adjust pin to the w:per of a 1 k§2 potentiometer which
has one end tied to V¥ and the other end tied through a
resistor to ground. The resistor should be selected to
give =0.6 mA through the 1k potentiometer.

AC zeroing (hold step zeroing) can be obtained by
adding an inverter with the adjustment pot tied input
to output. A 10 pF capacitor from the wiper to the
hold capacitor will give 24 mV hold step adjustment
with a 0.01uF hold capacitor and 5V logic supply.
For larger logic swings, a smaller capacitor (< 10 pF)
may be used.

Logic Rise Time

. For proper operation, logic signals into the LF198 must

have a minimum dV/dt of 0.2 V/us. Slower signals will
cause excessive hold step. If a R/C network is used in
front of the logic input for signal delay, calculate the
slope of the waveform at the threshold pomt to ensure
that it is at least 0.2 V/us.

Sampling Dynamic Signals

Sample error due to moving input signals probably
causes more confusion among sample-and-hold users
than any other parameter. The primary reason. for this
is that many users make the assumption that the sample
and hold amplifier is truly locked on to the input signal
while in the sample mode.. In actuality, there are finite
phase delays through the circuit creating an input-output

differential for fast moving signals. In addition, although
the output may have settied, the hold capacitor has an
additional lag due to the 30012 series resistor on the chip.
This means that at the moment the “hold’’ command
arrives, the hold capacitor voltage may be somewhat
different than the actual analog input. The effect of
these delays is opposite to the effect created by delays
in the logic which switches the circuit from sample to
hold. For example, consider an analog input of 20 Vp-p
at 10 kHz. Maximum dV/dt is 0.6 V/us. With no analog
phase delay and 100 ns logic delay, one could expect
up to (0.1us)(0.6V/us) = 60 mV error if the “hold”
signal arrived near maximum dV/dt of the input. A
positive-going input would give a ¥60 mV error. Now
assume a 1 MHz (3 dB) bandwidth for the overall analog
loop. This generates a phase delay of 160 ns. If the hold
capacitor sees this exact delay, then error due to analog
delay will be (0.16us){0.6 V/us) = —96 mV. Total out-
put error is +60 mV (digital) —96 mV (analog) for a
total of —36 mV. To add to the confusion, analog delay
is proportional to hold capacitor value while digital
delay remains constant. A family of curves (dynamic
sampling error) is included to help estimate errors.

A curve labeled Aperture Time has been included for
sampling conditions where the input is steady during
the sampling period, but may experience a sudden
change nearly coincident with the “‘hold”’ command.
This curve is based on a 1 mV error fed into the output.

A second curve, Hold Settling Time indicates the time
required for the output to settle to 1 mV after the
“hold” command.

Digital Feedthrough

Fast rise time logic signals can cause hold errors by
feeding externally into the analog input at the same
time the amplifier is put into the hold mode. To mini-
mize this problem, board layout should keep logic lines
as far as possible from the analog input. Grounded
guarding traces may also be used around the input
line, especially if it is driven from a high impedance
source. Reducing high amplitude logic signals to 2.5V
will also help.

Guarding Technique
OFFSET
ADJUST
@ @ O NC
INPUT LOGIC
o)
BOTTOM
QLDGIC
REFERENCE

GUARD TOP AND
.—~" BOTTOM OF BOARD

ouTPUT /—‘l“l\ HoLD

CAPACITOR

Use 10-pin layout Guard around
Cy, is tied to output.
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LF198/LF298/LF398

Logic Input Configurations

TTL & CMOS
3V < Vi (Hi State) < 7V : v
@
. ‘L
N > 8 ‘:Rl"
1
sampLE M8 L
_J—.lfw "
| | = 3
HOLD <SR
SAMPLE <S5
Threshold = 1.4V . Threshold = 1.4V
*Select for 2.8V at pin 8 =
CMOS

7V < Vi {Hi State) < 15V

<
>
< 20k

Op Amp Drive
+13v SAMPLE
+13v
-13 HOLD 4Tk
-13v

Threshold =~ +4V

Typical Applications (contq)

X1000 Sample & Hold

-

R1

100k
OFFSET
ADJusT

-15V

Vin =
*For lower gains, the LM108 must be frequency compensated
100 .
Use ~ —— pF from comp 2 to ground
Ay

Threshold = —4V

_]—IH—OLD
SAMPLE

Threshold = 0.6 (V) — 1.4V

SAMPLE

Sample and Difference Circuit
{Output Follows Input in Hold Mode)

O Vour
]

Vout = Vg + AV (HOLD MODE)
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Typical Applications (contq)
Ramp Generator with Variable Reset Level

15V
O

AV 1.2v
*Select for ramp rate  — =
R > 10k AT

(R2)(Cp)

VouT (Hold Mode) =

Output Holds at Average of
Sampled Input

Select (Rp){Cp) >> ——r
2nfyy (Min)

Reset Stabilized Amplifier (Gain of 1000)

1k m
1% 1%

Q ouTePyT

i3]
2N5116
INPUTO

wd L
o

(o
~,| [,_nzsn PULSE

—2ms i
Vos <'20uV (No trim) 0.033F
ZIN = 1 MQ
AVps
~ 30uV/sec ok
At
AV =

S
~ 0.1uV/°C
AT

Integrator with Programmable
Reset Level

INTEGRATE

DIFFERENTIAL

INTEGRATING 1%
INPUT
O—MWv
R3
m
1% ~15V
A

VWA~

1 t . R4
——/ Vind t} + | VR Zlﬂ;k
(R1)(Cy) J O

fncreased Slew Current

D2

c"—__rmm

Fast Acquisition, Low Droop Sample & Hold

_.| 1008 = = - =
SAMPLE
o—_‘}
1
6 5 —O 5V T0 15V
~>1 12 ms |——
LM3805 ° ___]———l_
2 TimeR

0.014F i =

>
1.2M 3.3k
3
L

4-23

86€471/86¢471/86141 .




LF198/LF298/LF398

Typical Applications (contq)

Synchronous Correlator for Recovering
Signals Below Noise Leve! 2-Channel Switch

15V
O

OUTPUT FREQUENCY
SET BY SWEEP RATE

/\/ 3
QUTPUT “A" INPUT O

. SIGNAL 5
ShAL OO0UuTPUT
cr*
) “A" SELECT
L 5V —
SYNCHRONOUS = = _'_I_
15V = o a7k
CLOCK INPUT o “B" SELECT

G

O
“B" INPUT

R2 12 8 7 12 8 7 -‘—1 I‘— 10us
™ -_E A B
= RS 10k
. 12k Gain 1:0.02% 1:0.2%
. 10
LM122H LM122H V4 10V 47 k2
3 9 3 9 tN
TIMER N TIMER BW ~1 MHz ~400 kHz
20k 4.7k Crosstalk ~980 dB -90 dB
@ 1 kHz
6 510 4 L Offset <6mv <75mv
* )
c3

a S 470 pf ne
l 500 l

‘TL *Select C1 to filter lowest frequency

onqrg‘ljgrseciv*ﬁegs component of input noise
TO OBTAIN ~0 70 3V **Select C2 @ ~ 6 x 10_Glf|N

AT PIN 6.

o

DC & AC Zeroing Staircase Generator
oc 15V
O

RESET
ouTPUT
5V — [‘0
m,_rl_ D3 2 Rg*
TULEID
) CLOCK 12y &
Vour Sv o S — N—S
RS
1%
10 pF o
4: 8.2k
— AC (HOLD STEP} ZERO <
[
10k
A7 I 8 12k
P —O 15V
— Y Y N
A A A 2
RY

e
1N914 I' P

*Select for step height
50k —» =~ 1V Step
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Typical Applications (cont'd)

Capacitor Hysteresis Compensation

vt

*Select for time constant C1 = ——
100k
** Adjust for amplitude
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