National
Semiconductor

LHO036/LHO0036C Instrumentation Amplifier

General Description Features
The LHO036/LHO036C is a true micro power instrumenta- High input impedance

tion amplifier designed for precision differential signal pro- High CMRR
cessing. Extremely high accuracy can be obtained due to Single resistor gain adjust
the 300 Mfl inputimpedance and excellent 100 dB common Low power

mode rejection ratio. It is packaged in a hermetic TO-8
package. Gain is programmable from 1to 1000 with a single
external resistor. Power supply operating range is between
+1V and + 18V. Input bias current and output bandwidth
are both externally adjustable or can be set by internally set
values. The LH0036 is specified for operation over the
—b55°C to +125°C temperature range and the LHO036C is
specified for operation over the -25°C to +85°C tempera-
ture range.

Wide supply range
Adjustable input bias current
Adjustable output bandwidth
Guard drive output

Equivalent Circuit and Connection Diagrams

INPUT GUARD
BIAS DRIVE BANDWIDTH
ADJUST OUTPUT CONTROL VvV

GUARD DRIVE
OUTPUT BANDWIDTH

Order Number LHO036G or LHO036CG
See NS Package Number G12B
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300 MH
100 dB

1to 1000

90 W

+1V to + 18V

TL/H/5545-1
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LH0036/LHO036C

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, CMMR Trim Voltage +Vs
please contact the National Semiconductor Sales Power Dissipation (Note 3) 1.5W
(C,)\‘f;itceeél)Distributors for availability and specifications. Short Circuit Duration Continuous
Supply Voltage +18v opLerri?)t(i)g% Temperature Range —55°C to + 125°C
Differential Input Voltage +30V LH0036C _25°Cto +85°C
Input Voltage Range +Vs Storage Temperature Range —65°C to +150°C
Shield Drive Voltage Vs Lead Temperature (Soldering, 10 sec.) 260°C
CMRR Preset Voltage *Vs ESD rating to be determined.
Electrical Characteristics (Notes 1and 2)
Limits
Parameter Conditions LHO00336 LHO036C Units
Min Typ Max Min Typ Max
Input Offset Voltage Rs = 1.0kn,TA= 25°C 0.5 1.0 1.0 2.0 mv
(\ﬁos) Rs = 1.0 kH 2.0 3.0 mVv
Output Offset Voltage Rs = 1.0kn,TA = 25°C 2.0 5.0 5.0 10 mv
(Voos) Rs = 1.0 kiL 6.0 12 mv
Input Offset Voltage Rs ~ 1.0 kn 10 10 IxV/I°C
Tempco (AVigs/AT)
Output Offset Voltage 15 15 juv/ec
Tempco (AVgos/AT)
Overall Offset Referred Av = 1.0 25 6.0 mv
to Input (Vos) Av = 10 0.7 15 mV
Av = 100 0.52 1.05 mV
Av = 1000 0.502 1.005 mV
Input Bias Current Ta = 25°C 40 100 50 125 nA
) 150 200 nA
Input Offset Current Ta = 25°C 10 40 20 50 nA
LbS) 80 100 nA
Input Voltage Range Differential +10 +12 +10 +12 \%
Common Mode +10 +12 +10 +12 \Y
Gain Nonlinearity 0.03 0.03 %
Deviation From Gain Av = 1to 1000 (Note 4) +0.3 +1.0 +1.0 +3.0 %

Equation Formula
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Electrical Characteristics (Notes 1and 2) (Continued)

Parameter

PSRR

CMRR

Output Voltage

Output Resistance
Supply Current
Small Signal Bandwidth

Full Power Bandwidth

Equivalent Input Noise
Voltage

Slew Rate

Settling Time

Conditions
+5.0V A Vs A £15V, Av =
+5.0v S vs < #15V, av =
Av = 1.0 DC to
Ay= O 00 Xz
Av =100 ARS — 1.0k
Vs = +15V, RL= 10 kn
Vs = +1.5V, RI = 100 kH
Av = 1.0, R1 = 10kn
Av = 10, R_= 10 kn
Av = 100, R_= 10ka
Av = 1000, R1 = 10 kfl

1.0
100

VIN = +10V, RI = 10k, Av = 1

0.1 Hz < f < 10 kHz,
Rs < 50a

AVin = %10V,

R1 =

10 kfl, Av = 1.0

To +10 mV, RL = 10kn,
AVqut = 1-0V

Av = 1.0
Av = 100

LHO0336

Typ
1.0
0.05

Min

1.0
0.1
50

+13.5
+0.8

0.5
300

35
3.5
350

5.0

20

0.3

3.8
180

Limits

Max

25
0.25

25
0.25
100

400

Min

LHO036C

Typ
1.0
0.10

2.5
0.25
50

+13.5
+0.8

0.5
400

350
35
35

350

5.0

20

0.3

3.8
180

Max

5.0
0.50

5.0
0.50
100

600

Units

mV/V
mV/V

mV/V
mV/V
wiv

\
\Y

n
JUA
kHz
kHz

kHz
Hz

kHz

IxVIp-p

VIFILS

iiS
fis

Note 1: Unless otherwise specified, all specifications apply for Vs = +15V, Pins 1,3, and 9 grounded, -25°C to +85°C for the LHO036C and -55°C to + 125°C

for the LHO036.

Note 2: All 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.

Note 4: Av = 1000 guaranteed by design and testing at Ay = 100.
Note 5: Refer to RETS0036G for LHO036G military specifications.
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LH0036/LH0O036C

Typical Performance Characteristics

Supply Current vs
Temperature

-55 -25 0 25 50 75 100 125

TEMPERATURE (°C)

Peak to Peak Output
Voltage Swing vs R_

1.0k 10k 100k 10m

LOAD RESISTANCE (52)

‘Noise voltage includes contribution from source resistance

Input Bias Current

PINS 1. 3. & 9 GROUNDED

Vs = 415V

>

Vs =15V

BE

-565 -25 0 25 50 75 100 125

TEMPERATURE (°C)

Supply Currentvs
Supply Voltage

0 20 40 60 80 10 12 14 16 18
SUPPLY VOLTAGE (iV)

Total Input Noise Voltage*

10 100 1.0k 10k

FREQUENCY (Hz)

10 100 1.0k 10k 100k

FREQUENCY (Hz)

Output Voltage Swing vs
Frequency

100 1.0k 10k 100k

FREQUENCY (Hz)

Output Voltage Swing vs
Supply Voltage

*2.0 *6.0 *10 *14 *18
SUPPLY VOLTAGE (V)

Closed Loop Voltage

100 1.0k 10k 100k 1.0M

FREQUENCY (Hz)

Common Mode Voltage vs
Supply Voltage

0 *5.0 *10 *15 *20

SUPPLY VOLTAGE [*V)

Large Signal Pulse Response

\\ \

s =15V
'/ RL=10K
AveL =14
PINS 1.3, &gl GI10LINIDEID
0 40 80 120 160 200 240 280
TIME ks)
TL/H/5545-2



Typical Applications
Pre MUX Signal Conditioning

Isolation Amplifier for Medical Telemetry

Thermocouple Amplifier with Cold Junction Compensation

Process Control Interface High Pass Filter,

6-9

D9€00HT1/9€00HT



LH0036/LH0036C

Applications Information

THEORY OF OPERATION

The LHO036 is a 2 stage amplifier with a high input imped-
ance gain stage comprised of A-| and A2 and a differential to
single-ended unity gain stage, A3. Operational amplifier, A+,
receives differential input signal, e-|, and amplifies it by a
factor equal to (R1 + Rg)/Rq.

A1l also receives input e2 via A2 and R2. e2 is seen as an
inverting signal with a gain of R1/Rq. A-i also receives the
common mode signal ecM and processes it with a gain of
+1.

Hence:
R1+ Rq
ei

Rg Rg

Vi = €2 + eCM (D

By similar analysis V2 is seen to be:

w _ R2 + Rg R2 f
V2= — e2-~e i +eCM 2)
For R1 = R2:

3
V2VI=[ o +1] (2 e ®)

Also, for R3 = R5 = R4 = R6, the gain of A3= 1, and:

e0= (1)(V2- V,) = (e2- e[l + J (4)

As can be seen for identically matched resistors, eGM is
cancelled out, and the differential gain is dictated by equa-
tion (4).

For the LHO0036, equation (4) reduces to:

ep _ 1t50k

(52)
e2- €L Rg

Avcl
The closed loop gain may be set to any value from 1
(Rg = °°) to 1000 (RG= 50fi). Equation (5a) re-arranged in
more convenient form may be used to select RG for a de-
sired gain:

(5b)

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

6-10

typically 0.3V/jwS and small signal bandwidth 350 kHz for
avcl= 1- ,n some applications, particularly at low frequen-
cy, it may be desirable to limit bandwidth in order to mini-
mize the overall noise bandwidth of the device. A resistor
Rbw may be placed between pin 1 and ground to accom-
plish this purpose. Figure 2 shows typical small signal band-
width versus Rbw-

RBw ~ RESISTANCE FROM PIN 1 TO GROUND (<)

TL/H/5545-5

FIGURE 2. Bandwidth vs Rbw

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

Rbw - RESISTANCE FROM PIN 1 TO GROUND (12)

TL/H/5545-6

FIGURE 3. Output Slew Rate vs Rbw

CMRR CONSIDERATIONS

Use of Pin 9, CMRR Preset

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

DC Off-set Voltage and Common Mode Rejection Ad-
justments

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

v+

FIGURE 4. Vos Adjustment Circuit



Applications Information (continued)

Pin 8 is also used to improve the common mode rejection
ratio as shown in Figure 5. Null is achieved by alternately
applying + 10V (for V+ & V- = 15V) to the inputs and ad-
justing R1 for minimum change at the output.

15V

TL/H/5545-8

FIGURE 5. CMRR Adjustment Circuit

The circuits of Figure 4 and 5 may be combined as shown in
Figure 6 to accomplish both Vos 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.

*15V

FIGURE 6. Combined CMRR, Vos Adjustment Circuit

R2 is adjusted for Vgs null. An input of + 10V is then ap-
plied and Rl 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 high-
est CMRR over the amplifiers common mode range.

*15v

*Note: Nominal value R1 to Achieve Optimum CMRR is 3.0 kn
FIGURE 7. Improved Vqs>CMRR Nulling Circuit

AC CMRR Considerations

The ac CMRR may be improved using the circuit of Figure 8.
+15V

TL/H/5545-9

FIGURE 8. Improved AC CMRR Circuit

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

INPUT BIAS CURRENT CONTROL

Under nominal operating conditions (pin 3 grounded), the
LHO0036 requires input currents of 40 nA. The input current
may be reduced by inserting a resistor (Re) between 3 and
ground or, alternatively, between 3 and V- . For Rb returned
to ground, the input bias current may be predicted by:

V+ - 05 6a)
bi a
Pias 4 x 108 + 800 Rb
or
V+ - 05 - (4X 1Q8) (Ibias)
RB = . (6b)
800 iBias
Where:

*bias = Input Bias Current (nA)

Rb=  External Resistor connected between
pin 3 and ground (Ohms)
V+ = Positive Supply Voltage (Volts)

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

10k 100k oM 10M 100M
Rb - RESISTANCE FROM PIN 3 TO GROUNO (!2)
TL/H/5545-12
FIGURE 9. Input Bias Current as a Function of Rq

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

(V+ - V-) - 05

*bias = 4 x 108 + 800 Rb

D9€00HT1/9€00HT



LH0036/LHO036C

Applications Information (continued)
or

Rb ® (V+ ~ V~) ~ 05 ~ (4 X 1Q8)(IBias) ®
800 'bias

Where:

Ibias= Input Bias Current (nA)

Rb= External resistor connected between
pin 3 and V" (Ohms)

V+ = Positive Supply Voltage (Volts)

V~ = Negative Supply Voltage (Volts)

10k 100k 10M 1om 100M
Rb - RESISTANCE FROM PIN3V- ('3
TL/H/5545-13
FIGURE 10. Input Bias Current as a Function of Rb
Figure 10 is a plot of input bias current versus RB returned
to V~ it should be noted that bandwidth is affected by
changes in RB. Figure 11 is a plot of bandwidth versus RB.

Rs - RESISTANCE FROM PIN 3 TO GROUND (.>)
TL/H/5545-14
FIGURE 11. Unity Gain Bandwidth as a Function of RB

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 R|Bo
as shown in Figure 12.

FIGURE 12. Bias Current Return Path

In a typical application, VB= +15V, IBi = IB2— 40 nA, the
total current, \j, would flow through Riso causing a voltage
rise at point A. For values of Riso” 150 Mft, the voltage at
point A exceeds the +12V common range of the device.
Clearly, for R|SO= °°>the LH0036 would be driven to posi-
tive 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 condi-
tions:

Riso A VCMR . VeM ©

Where:

Vemr = Common Mode Range (10V for
the LHO036)
Vgm = Common Mode Voltage

x = lbi + >R

In applications in which the signal source is floating,
such as athermocouple, 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
looking into pin 2 is approximately 15 kSI. Proper use of the

guard/shield pin is shown in Figure 13.
+15V

For applications requiring a lower source impedance than
15 kn, a unity gain buffer, such as the LH0002 may be
inserted between pin 2 and the input shields as shown in
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Definition of Terms

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

Closed Loop Gain, Avcl: The ratio of the output voltage
swing to the input voltage swing determined by Avcl = 1 +
(50k/RQ)- 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, Avcl
= 1 + (50k/RQ) for the specified closed loop gain.

Input Bias Current: The current flowing at pin 5 and 6 un-
der the specified operating conditions.

Input Offset Current: The difference between the input
bias current at pins 5 and 6; i.e. Iqgs = 15—lel-

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

Output Stage Offset Voltage, Vqos: 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|gs-

Vos
AVCL= 10°°

Voos : vos

Overall Offset Voltage:

V

Vos = V[0S + ~ 7%
Avcl

Power Supply Rejection Ratio: The ratio of the change in

offset voltage, Vos.to the change in supply voltage produc-

ing it.

Resistor, Re: An optional resistor placed between pin 3 of
the LHO036 and ground (or V~) to reduce the input bias
current.

Resistor, Rbw: An optional resistor placed between pin 1
of the LH0036 and ground (or V- ) to reduce the bandwidth
of the output stage.

Resistor, Rqg: A gain setting resistor connected between
pins 4 and 7 of the LHO036 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 set-
tled to within a specified error band of the final output volt-
age.
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