BURR-BROWN®

INA101

MILITARY & DIE
VERSIONS
AVAILABLE

Very-High Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES

o ULTRA-LOW VOLTAGE DRIFT - 0.25.V/°C

o LOW OFFSET VOLTAGE - 25,V

« LOW NONLINEARITY - 0.002%

o LOW NOISE - 13nV/\/Hz a fo = 1khz

« HIGH CMR - 106dB at 60Hz

o HIGH INPUT IMPEDANCE - 10100

o LOW COST, T0-100, CERAMIC DIP AND PLASTIC
PACKAGE

DESCRIPTION

The INAIOI is a high accuracy, multistage, inte-
grated-circuit instrumentation amplifier designed for
signal conditioning requirements where very-high
performance is desired. All circuits, including the
interconnected laser-trimmed thin-film resistors, are
integrated on a single monolithic substrate.
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APPLICATIONS

o AMPLIFICATION OF SIGNALS
FROM SOURCES SUCH AS:

Strain Gages
Thermocouples
RTDs

* REMOTE TRANSDUCERS

o LOW LEVEL SIGNALS

o MEDICAL INSTRUMENTATION

A multiamplifier design is used to provide the highest
performance and maximum versatility with mono-
lithic construction for low cost. The input stage uses
Burr-Brown’s uitra-low drift, low noise technology
to provide exceptional input characteristics.
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SPECIFICATIONS

ELECTRICAL

At +25°C with £15VDC power supply and in circuit of Figure 2 unless otherwise noted.

MODEL INATOIAM/AG INATOISM/SG INAIOICM/CG INATOHHP/KU
MIN TYP MAX MIN TYP -MAX MIN TYP ‘MAX MiIN TYP MAX UNITS
GAIN
Range of Gain 1 000 . . . . . . v
Gain Equation G=1+(40k/Rq) . . N v
Error From Equation, DC™ ={0.04+0 00016G T{0.1+0.0003G . . . . >{0.1+ (0.3~ %
0.02/G) ~0.05/G) 0.00015G) 0.0002G)
-0.05/G -0.10/G
Gain Temp. Coefficient™
G-1 2 5 . . . . N . ppmiC
G- 10 20 100 4 . 0 * . * ppm/°C
G =100 22 10 M * L * . . ppm/°C
G = 1000 22 10 M M " * . . ppm/°C
Nonknearty, DC? ={0002-10 °G} | £(0.005+2-10°°G) £(0.001 ~(0002 +(0.00 -(0.002 . . % of p-p FS
-10°G) -10°G) -10°G) -10°*G)
RATED QUTPUT
Voitage 10 1125 ’ . . ¢ * . v
Current *5 =10 * M . * * . mA
QOutput Impedance 02 * . . Q
Capacitive Load 1000 . » . of
INPUT OFFSET YOLTAGE
Initial Otfset at +25°C {25+200/G) x(50+400/G} (30~ (25 =(10+ "{25+ z(125+ -(250+ w
100/G) -200/G) 100/G) 200/G) 450/G) 900/Gy
«s Temperalure (2420/G) ~{0.75 025+ (2+20/G) w/rc
+10/G) 10/G)
vs Supply ~(1+20/G} * . . v
vs Time -~(1+20/G}) . M R uv/mo
INPUT BIAS CURRENT
Initial Bias Current
{each input) =15 =30 x10 . 5 =20 . * nA
vs Temperature 02 . . . nAlPC
vs Supply -0.1 * . . nANV
Initial Offset Current -15 =30 =10 * =5 =20 . . nA
vs Temperature =05 . . . nASC
INPUT IMPEDANCE
Differential 103 . . . Q pF
Gommon-mode 103 » . . 0 pF
INPUT VOLTAGE RANGE
Range, Linear Response 10 12 * . . . ¢ * v
CMR with 1k02 Source (mbal
DC to 60Hz, G=1 80 90 : . M . 65 85 dB
DC to 60Hz, G=10 9% 106 * . . . 90 95 dB
OC ta 60Hz, G=100 101000 | 106 110 M . . . 100 108 dB
INPUT NOISE
Input Yoltage Noise
fs=0.01Hz to 10Kz 08 . * * V. pp
Density, G=1000
fo=10Mz 18 . * . aviy/Hz
fo-100Hz 15 * * . aviHz
fo=1kHz 13 . . . vz
Input Current Noise
fa=0.01Hz to 10Hz 50 . . . pA. p-p
Density
fo=10Hz 08 . . . oANTE
fo=100Hz 0.46 . « . pA/HZ
fo~1kHz 035 ’ . . pAnHz
DYNAMIC RESPONSE
Small Signal, ~3dB Flainess
G=1 300 * * d kHz
G-10 140 . . . KHz
G =100 25 . . . KHz
G - 1000 25 ’ . . KHz
Small Signal, -1% Fiatness
G- 1 20 s . . YHz
G- 10 Iy . . . KHz
G- 100 1 . . . KMz
G = 1000 200 . . ' 2
Full Power. G=1to 100 64 . . * kHz
Slew Rate, G=1ta 100 02 04 . . . . . . Vs
Settling Time (0.1%) '
G-1 k) 40 . . . . . . "
G =100 40 55 . » . . . * s
G = 1000 350 470 . * . . . ’ us
Settling Time (0.01%)
G-i 30 45 . . . . . . s
G =100 50 70 . . . . . . us
G =1000 500 850 . . . . . . us
POWER SUPPLY
Rated Voltage 215 . . » v
Voltage Range =5 120 ’ . « . * - v
Current, Quiescent” =67 18.5 . . . * . " mA
TEMPERATURE RANGE™
Specilication -25 +85 -§5 +125 * . 0 +70 oG
Operation -55 +125 * ’ * . -25 85 oG
Storage —65 +150 - * . . -40 +85 ¢

* Specitications same as for INAIGIAM/AG.

NOTES: (1) Typically the tolerance of R wii be the major source of gain error (2) Nonlinearity is the maximum peak deviation trom the best straight-line as a percentage of
g:al:-gos-cpce/av‘l; full scale output. (3) Not including the TCR ot Re. (4} Adjustable to zero at any one gain.  (5) f.c output stage ~ 113°C/W, fic quiescent circuilry = 19°C/W,
.=
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MECHANICAL

TO-100

— A —

M Package

Case = —Vcc

Leads in true position within
0.010” (0.25mm) R at MMC
at seating plane

Pin numbers shown for

Hermetic DIP

o1

T

G Package

Leads in true position within
0.01"10.25mm; R at MMC at
seating plane.

Pin numbers show for refer-

INA101

INSTRUMENTATION AMPLIFIERS u

3
4 ! 3 reference only. ence only. Numbers may not
— T Numbers may not be marked A be marked on package
. J on package. C
F INCHES MILLIME TERS
x | OM ] MiN | MaX MIN MAX
A 335 .370 851 940 INCHES MILLIMETERS
Seatng B 308 |.335 175 ] 81 OM [TMIN | MAX | MIN | Max
Plane C 165 185 4.19 4.70 A 670 710 17.02 18.03
ele—o o 016 021 0.41 053 C 065 170 165 232
13 (31] 040 0.25 102 o 015 o1 0.28 0.53
F 010 D40 0.25 1.02 F 045 060 1.14 152
<] 230 BASIC 5.84 BASIC G 100 BASIC 2.54 BASIC
H 028 .034 0.71 0 86 H 025 .070 064 178
J 029 045 0.74 114 J 008 012 0.20 030
3 500 12.70 —ole ) R 120 240 305 610
L 120 160 3.05 4.06 L 300 BASIC 7.62 BASIC
M 36° BASIC 36° BASIC M \/ v — Too° — [ 1o°
v e Jazo [279 Jaos H—L—: N Joos | oeo 023 | 152
BOTTOM VIEW
U Package P Package
O N p— f—— A
e A, —*] DAANNA NN Case = —Vcc
’ Leads in true position within
NOTE: Leads in true position 8 0.10" (0.25mm) R at MMC
, within 010" (.25mm) R at MMC at LY [ at seating plane
g B seating plane AR Pin numbers shown for
Pin numbers shown for reference Denotes Pin 1 reference only
‘. ‘ only. Numbers are not marked on F Numbers may not be marked
" U-UU—U package. on package.
H -~ Pin 1 b ] ?
INCHES MILLIMETERS - INCHES MILLIMETERS
C OIM | MIN MAX MIN MAX N ¥ X OM | MIN | Max MIN MAX
ekl il ! A | 400 | 416 | 1016 | 1057 = | 660 785 | 1676 | 1994
L l N Aq .388 412 986 | 10.46 f [ .220 280 559 711
G P =D B | 286 | 302 | 726 | 767 D Sestng c |- 200 508
Pin 1 Identifier B4 .268 286 641 7.26 2 015 023 038 058
C | 083 | 108 | 236 | 277 H N Plane F o0 | oo | o | 1m
D | o015 [ 020 | 038 | 051 e L G | JooBasic 254 BAsIC
G 050 BASIC 1.27 BASIC I ] Ll .030 095
) L M R | oz2 | 0% | 0% o097 . ooe [ o | 020 | oum
T J | o0 | 012 | 020 | 030 «_[.100 254
L L 39 421 993 | 1069 « .00 BASIC 762BASC
M 5° TYP 5° TYP J ™ KB [os°
N | 00 | 81z | aeo | 030 M.l \./ N[00 | oso os | 27
PIN CONFIGURATION
S
\_J outeut (| 1 16 [} common
outeuT | 1 1 [} common
GAIN “Veo [ 2 15 Voo
SET Ve [ 2 13 J Vec
1 +INPUT
OFFSET ] -INPUT || 3 14
PUT 12 [l inPuT
ADJUST INPU [ 3 G INPU h
GAINSENSE 1 | 4 13 ] GAIN SENSE 2
1"
OFFSET GAIN SENSE 1 [ 4 opr ] GAIN SENSE 2 . o 1 . U "
AIN SET 1 ] GAIN SET 2
ADJUST GAIN SET 1 [ 5 10 ] GAIN SET 2
OFFSET ADJ a 6 1 ] A2 OUTPUT
OFFSET ADJ E 6 9 ] A2 QUTPUT
OFFSET ADJ 7 10 1 A1 OUTPUT
TOP VIEW OFFSET ADJ ? 8 ] A1 0UTPUT [
NC [ 8 9 :] NC
Burr-Brown IC Data Book 3-13
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ORDERING INFORMATION

Temperalure
Model Package Range
INA101AG | Ceramic DIP | -25°C to +85°C
INATOICG | Ceramic DIP | -25°C to +85°C
INA101AM  |Metal TO-100| -25°C to +85°C
INAT101CM  [Metat TO-100( -25°C to +85°C
INAT0THP Plastic DIP | 0°Cto +70°C
INA101KU Pilastic SOIC | 0°Cto +70°C
INA101SG Ceramic DIP |-55°C to +125°C
INA101SM__ [Metal TO-100{-55°C to +125°C|
BURN-IN SCREENING OPTION
See text for details.

Bumn-In
Model Package |Temp. (160h)"'

INA101AG-BI | Ceramic DIP 125°C
INA101CG-BI | Ceramic DIP +125°C
INA101AM-BI |Metal TO-100 +125°C
INA101CM-BI |Metal TO-100 +125°C
INA101HP-BI | Plastic DIP +85°C
INA101KU-BI | Plastic SOIC +85°C
INA101SG-BI | Ceramic DIP +125°C
LINA101SM-BI_|Metal TO-100 +1§°C
NOTE: (1) Or equivalent combination. See text.

ABSOLUTE MAXIMUM RATINGS

Supply ... 220V
Internal Power Dissipation . B00mMW
Input Voltage Range ................ ..o EVee
Operating Temperature Range M, G . —55°C to +125°C

P U .. . —25°Cto +85°C

Storage Temperature Range: M, G . . —85°C to +150°C

PU........ . —40°C to +85°C
Lead Temperature (soHering. 108) M, G, P .. .. +300°C
Lead Temperature {wave soldering, 3s) U .. .. +260°C
Output Short-Circuit Duration ............... Continuous to ground

BURN-IN SCREENING

Burn-in screening is an option available for both the
plastic- and ceramic-packaged INA101. Burn-in duration
is 160 hours at the temperature shown below (or
equivalent combination of time and temperature).

Plastic “-BI” models: +85°C
Ceramic “-BI” models: +125°C

All units are tested after burn-in to ensure that grade
specifications are met. To order burn-in, add “-BI” to the
base model number.

TYPICAL PERFORMANCE CURVES

At +25°C and in circuit of Figure 2 unless otherwise noted.

GAIN NONLINEARITY VS GAIN

0.0t
12
uw
a
a /
£ 0.003
2 Max
§
3
g
< Typ
3 0001
<
o
(o]
0.0003
1 10 100 1000
Gain (V/V)
GAIN VS FREQUENGCY
G=1
6 000
N
= \\
5 40 gz
g \
5 v\ )
3 20 S0 .
[\
G=1 1% Error 7\
0 ;
\
10 100 1k 10k 100k M
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TOTAL OFFSET VOLTAGE

CMR VS SOURCE IMBALANCE DRIFT VS GAIN
= 3200
[ =T
.2z .
- _ 1 = -~ =y
\ 100- 1000_ % ¢
\ - & B
G=10 Seay 2320 /)
csahramady & /
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G=10 / / /
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G=1 o /
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WARM-UP DRIFT VS TIME

QUIESCENT CURRENT VS SUPPLY

STEP RESPONSE

10 +9 T
\ |
o .

+10

+
[

(=]

Qutput  Volts)

w

1N

N
\"~= -5

Change in Input Offset Voltage - uV
IS >
Quiescent Current \mA
i+
s

3

Q 1 2 3 4 5 0 5
Time Minutes.

+10
Supply Voitage (V)

*15 +20 0 100 200 300 400

Time (us-

500 600

INPUT NOISE VOLTAGE

1
SETTLING TIME VS GAIN QUTPUT NOISE VS GAIN VS FREQUENCY 100 GAIN 000
1000 30 1000
RL = 2k(} E lE ; | :
Cu = 1000pF = i 5
t 3
1 € 20 = 100 —
@ g D - - —
£ = Rs = 1MQ) 4 S‘ R S
= 5 5
o > 3 n
s 3 © Jog—
5 S 10 2 10 — —]
é 2 Rs = 2
3 100042 5 —
3 10k12 § & -
o A - -+ L
0
1 10 100 1000 1 10 100 1000 1 10 100 1000
Gain VvV Gain VNV Frequency Hz

DISCUSSION OF PERFORMANCE

INSTRUMENTATION AMPLIFIERS

Instrumentation amplifiers are differential input closed-
ioop gain blocks whose committed circuit accurately
amplifies the voltage applied to their inputs. They
respond only to the difference between the two input
signals and exhibit extremely-high input impedance,
both differentially and common-mode. Feedback net-
works are packaged within the amplifier module, Only
one external gain setting resistor must be added. An
operational amplificr, on the other hand, is an open-loop.

Bp=eyvey

0, =Gloy-ey)=fgg
; _ ﬁhz*!]]/l _Gﬁcn
" CMRR  CMRR

6 L]
CMRR

e =Gey+

For INAID1 G = 1 + 4Dk /Ry
where "E is the gain satting resistor.

FIGURE I. Model of an Instrumentation Amplifier.

Burr-Brown IC Data Book
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uncommitted device that requires external networks to
close the loop. While op amps can be used to achieve the
same basic function as instrumentation amplifiers, it is
very difficult to reach the same level of performance.
Using op amps often leads to design trade-offs when it is
necessary to amplify low level signals in the presence of
common-mode voltages while maintaining high input
impedances. Figure | shows a simplified model of an
instrumentation amplifier that eliminates most of the
problems.

THE INA101

Simplified schematics of the INAIOI are shown on the
first page. Itis a three-amplifier device which provides all
the desirable characteristics of a premium performance
instrumentation amplifier. [n addition. it has features not
normally found in integrated circuit instrumentation
amplifiers.

The input section (Al and A2) incorporates high per-
formance, low drift amplifier circuitry. The amplifiers are
connected in the noninverting configuration to provide
the high input impedance (10'°0)) desirable in the instru-
mentation amplifier function. The offset voltage and
offset voltage versus temperature is low due to the
monolithic design and improved even further by the
state-of-the-art laser-trimming techniques.

Vol. 33
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The output section (A3) is connected in a unity-gain
difference amplifier configuration. A critical part of this
stage is the matching of the four 10k{} resistors which
provide the difference function. These resistors must be
initially well matched and the matching must be main-
tained over temperature and time in order to retain
excellent common-moderejection. (The 106dB minimum
at 60Hz for gains greater than 100V, V is a significant
improvement compared to most other integrated circuit
instrumentation amplifiers.)

All of the internal resistors are compatible thin-film
nichrome formed with the integrated circuit. The critical
resistors are laser-trimmed to provide the desired high
gain accuracy and common-mode rejection. Nichrome
ensures long-term stability of trimmed resistors and
simultaneous achievement of excellent TCR and TCR
tracking. This provides gain accuracy and common-
made rejection when the INA10] is operated over wide
temperature ranges.

USING THE INA101

Figure 2 shows the simplest configuration of the INA 101,
The gain is set by the external resistor, R with a gain
equation of G=1+ (40K, R.). The reference and TCR of
R contribute directly to the gain accuracy and drift.

For gains greater than unity, resistor R is connected
externally between pins I and 4. At high gains where the
value of Rg becomes small, additional resistance (i.e..

This circult may be used as 3 replacement +
for the singls potentiometer. it wil! sdjust ce
offset and isave drift unchanged.

w2222
e — — .
OPTIONAL |
OFFSET | g3.a
ADJUST
) ee | ’ 10M0
. I
Lr :
gmmuu } v [ ioa
3
s \ 1
W, |t 1
E
—_
ouTPUT
Rg INAIOIM 8
4

€y = [1 + [0K/Rg)] (E, - Ey)

ToF
TANTALUM
e Yee

relays, sockets) in the Rq circuit will contribute to a gain
error. Care should be taken to minimize this effect.

The optional offset null capability is shown in Figure 2.
The adjustment affects only the input stage component of
the offset voltage. Thus, the null condition will be
disturbed when the gain is changed. Also, the input drift
will be affected by approximately 0.31uV/°C per 100pV
of input offset voltage that is trimmed. Therefore, care
should be taken when considering use of the control for
removal of other sources of offset. Output offsetting can
be accomplished in Figure 3 by applying a voltage to
Common (pin 7) through a buffer amplifier. This limits
the resistance in series with pin 7 to minimize CMR error.
Resistance above 0.1Q will cause the common-mode
rejection to fall below 106dB. Be certain to keep this
resistance low.

It is important to not exceed the input amplifiers’
dynamic range. The amplified differential input signal
and its associated common-mode voltage should not
cause the output of A, or A to exceed approximately
+10V or nonlinear operation will result.

BASIC CIRCUIT CONNECTION

The basic circuit connection for the INA101 is shown in
Figure 2. The output voltage is a function of the
differential input voltage times the gain.

OPTIONAL OFFSET ADJUSTMENT PROCEDURE

It is frequently desirable to null the input component of
offset (Figure 2) and occasionally that of the output
(Figure 3). The quality of the potentiometer will affect the
results, therefore, choose one with good temperature and
mechanical-resistance stability. The procedure is as
follows:

Ly
& INATOIM

OUTPUT

i | +15V0¢
£
t
; R Sk
¥ B I Ra
EXTERNAL lka
ameLiin  § e -18voc

FIGURE 2. Basic Circuit Connection for the INA101
Including Optional Input Offset Null
Potentiometer.

Burr-Brown IC Data Book
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FIGURE 3. Optional Output Offset Nulling or Offsetting
Using External Amplifier (Low
Impedance to Pin 7).
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1. Set E; = E> = 0V (be sure a good ground return path
exists to the input).

. Set the gain to the desired value by choosing Rg.

. Adjust to 100k{) potentiometer in Figure 2 until the
output reads OV *ImV or desired setting. Note that
the offset will change when the gain is changed. If the
output component of offset is to be removed or if it is
desired to establish an intentional offset, adjust the
100k} potentiometer in Figure 3 until the output
reads OV +1mV or desired setting. Note that the offset
will not change with gain, but be sure to use a stable
external amplifier with good DC characteristics. The
range of adjustment is +*15mV as shown. For larger
ranges change the ratio of R, to R:.

THERMAL EFFECTS ON OFFSET

To maintain specified offset performance, especially in
high gain, prevent air currents from circulating around
the input pins. This can be done by using a skirted heat

sink on the INAIOIM package. Rapid changes in die
temperature and thermocouple effects on the pins will
then be minimized. Surrounding the package with low
power components will also help to reduce air flow
across the package and pins.

TYPICAL APPLICATIONS

Many applications of instrumentation amplifiers involve
the amplification of low level differential signals from
bridges and transducers such as strain gages, thermo-
couples, and RTD’s. Some of the important parameters
include common-mode rejection(differential cancellation
of common-mode offset and noise, see Figure 1). input
impedance, offset voltage and drift, gain accuracy,
linearity. and noise. The INA10] accomplishes all of
these with high precision.

Figures 4 through 16 show some typical applications
circuits.

i .

TRANSDUCER
OR SENSOR ——

4vcc

OPTIONAL
OFFSET
ADJUST
100k {2

"N !

E nmsmck bl
BRIDGE / Ep RN

Eq =1 + {40k /Rl €2 - €y)

3

INAIOIM

NOISE (00Hz HUM)
AN
FAAWAN
TRANSOUCER O ! ! '
ARALDS SIGNAL ! ' L
\\ I ,‘
f \ ,/ \\ /
TRANSFORMER | ~ =<l
NOISE (00Wz HUM)
*Gain sanse will minimize -
gnin error due 1o additional OPA27
rasistance In the Rg circult +
FIGURE 5. Amplification of a Transformer-Coupled Analog Signal.

Burr-Brown IC Data Book
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100kQ2
FOR BIAS €7
CURRENT
RETURN

Re s
G<
D L4

TWISTED

INAIDIM

S
~

1506 EXTERNAL
5 AMPLIFIER

:;g%z/ — DIGITAL

(FM}

The

* +15V0C

S
Illm$ Ry
o3
10k (25 OFFSETTING

range of +VOC is OV te +75V

FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter.

t I ) 4
AEy = 1mV, pp
\ 5
(4

54:40.0411

10

B 1t

L MO to 10M0 3

lla
-15VDC

{from Isolation powsr supply)

20k ()

v

+15VOC {frem isolation power suppiy)

Em" W.pp

FIGURE 7. ECG Amplifier or Recorder Preamp for Biological Signals.

. *D0ES NOT REQUIRE EXTERNAL ISOLATION POWER SUPPLY
o ISOLATION AMPLIFIER
! 130100
8
Ew R INAIDIM 3::" )
4 2856
Egur
10 /,/5
O-e / 9
é +15vD¢ [ivie +15V0C +15VDC
cmﬂ!;" 1SOLATION POWER SUPPLY &:JTPUT = -15VDC
122 wow_|——

FIGURE 8. Precision Isolated Instrumentation Amplifier.
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E | w0
+ — —
INAYOT
/ +
N7
g | wao M
+ _ N5
™
INATOI

W3
- —1+ IN2
VAEF IN1
£ INAIOL . {—Fl—m
+ — —

o717 1-7

CHANNEL SELECT

GAN SELECT

PGA100

*Vpgp AND GROUND

MAY BE USED FOR
ERROR CORRECTION

CONTROL LDGIC

Egyr

FIGURE 9. Multiple Channel Precision Instrumentation Amplifier.

+10Vner

2N3065

1\o

g N8+ T+

lo

! ! 20mA
mh - [l2mAl

~10mvV +10mv

4mA T0 20mA

INAIOIM

GROUND RESISTANCE

_L—lsv +15¢

INSTRUMENTATION AMPLIFIERS ! INA101

FIGURE 1. Ground Resistance Loop Eliminator (INA101 senses and amplifies V) accurately).
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K A UP-SCALE
THERMOCOUPLE BURN-QUT

IN914
coLo
JUNCTION
COMPENSATION

INDICATION
12
4
¥ o0 INATOIG
» 5 £
3k 1 O0R P o
499002
h
3
Mo
$ 15k
+15V

FIGURE 12. Thermocouple Amplifier with Cold Junction Compensation.

AEw

INAIDIM

1
40.040 Ra.
% q

AEour

40.040

OVERALL GAIN = AEour/Afw = 2000

FIGURE 13. Differential Input/Differential Output Amplifier (twice the gain of one INA).

Burr-Brown IC Data Book
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+15V

o ——
S1
83
8 9 8
Abw Ihe INAIOIM —" o o
9 0.1.F $2
T
4
’ 3
o 3 10 / "_? 5_4/"‘: Eour
1/2 065043 5 1/2 DG 5043 6
5 » oPa NG L
OR
OPAI21 n 1\+15V
15V
18 83 1
— o
Uy —_
20080 IIS 12 ‘LI
CONTROL © -5V
CONTROL Si 82 s3 84 85 MODE
0 Closed | Closed | Open Open | Closed | Signal Amplificatisn
1 Open Open | Closed | Clossd | Open Auto-Zeralng

FIGURE 14. Auto-Zeroing Instrumentation Amplifier Circuit.
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w +15V

MPC4D +I5V
Ex 12
o—
8 GAIN SENSE 1 4
GAIN SET 1 S INAIOIG
. OR P Eour
GAINSET2 10
GAIN SENSE 2 11
o_—
£ 2
9
ADDRESS
Ao A GAIN
0 0 0 6 =1+ (40K/[R1 + R2 + R3 + R4 + RS + R6 + A7)
0 1 20 6 =1+ ((40K + Rt + R7]/(R2 + R3 + R4 + RS + R6))
G E 1 0 50 6 =1+ ((40K + R} + R2 + RE + A7)/(RI + R4 + RY))
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FIGURE 15. Programmable Gain Instrumentation Amplifier.
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FIGURE 16. Programmable-Gain Instrumentation Amplifier Using the INA10I and PGA102.
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