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AVAILABLE

Very-High Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES

o ULTRALOW VOLTAGE DRIFT - 0.25,V/°C

« LOW OFFSET VOLTAGE - 25,V

o LOW NONLINEARITY - 0.002%

o LOW NOISE - 13V/\/Hz atf, = 1kiz

o HIGH CMR - 10648 al 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

« AMPLIFICATION OF SIGNALS
FROM SOURCES SUCH AS:

Strain Gagms
Thermocouples
AT0s

« REMOTE TRANSDUGERS

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

H

&

\.

Pint1l

ELECTRICAL
At +25°C with +15VDC power supply and in circuit of Figure 2 uniess otherwise noted
MODEL INATAM/AG INAICW/CG AWK o
MIN TYP MAX MR TP ~MAX MIN v MAX [ ed TP MAX UNITy
GAIN
Range of Gain 1 1000 . . * . . . ww
Gain Equation G =1~ (40k/Rg) . . . W
Error From Equation. DC™"' £(0.04+0.00016G 2{0.1+0 0003G . . . . (01~ (0.3~ [
002/G) -0.05/G) 0.00015G} 0.0002G)
-0.05/G ~010/G
Garn Temp. Coetiicient'”
61 2 5 . . . . . . pomc
G-10 20 100 . . 10 . . . PpmG
G =100 2 10 . . " . . . PpmAC
G = 1000 2 1m0 . . u . . . opmie
Nonlineanty, DC*' =(0002+10°G) | 2(0.005+2-10°G) v(o 001 -0 002 2(0.001 - 10002 . . %ol ppFg
-10°G) -10°G) 107G} -10°G;
RATED QUTPUT
Voltage 210 2125 * . . . . . v
Current 15 =10 . . . . . . mA
Output impedance 02 . . . a
Capacitive Load 1000 . . . oF
INPUT OFFSET VOLTAGE
inntal Otfset at +25°C {25 +200/G) {50+400/G) (10~ {25 =(10+ -5 {125+ -(250- W
100/G) -200/G) 100/G) 200°G) 450/G) 900/G)
vs Temperature 1{2+20:G) -{07% -{025- *(2+420/G) wrC
“1VG) 0-G)
vs Supply T(1+2/G) . . . N
vs Time (1+20/G) . . . “Vimo
INPUT BIAS CURRENT
inihal Bias Current
(each input) =15 x30 310 . 5 =0 * . nA
v Tempemure =02 . . . nASC
vs Suppl 01 . . . nAN
Initial Oﬂm Current 21§ 230 =0 . 5 -0 . ¢ oA
vs Temperature =05 . . . nAsC
INPUT IMPEDANCE
Ditterentisl 0° 3 . . . 0 of
Common-mode 10°3 . . . 0 pf
INPUT YOLTAGE RANGE
Range, Linear Response 10 212 . . . . . . v
CMR with k() Source Imbal.
BC 10 80Hz. G=1 0 % . . . . [ 3 8
DC 10 60Hz. G=10 % 106 . . . . %0 ® a8
DC to 60Hz. G=10010 1000 | 106 10 . * . . 100 105 a8
INPUT NOISE ]
Input Voltage Noise
1e=0.01Hz t0 10Hz 08 . . . e
Density, G=1000
{o=10Hz 8 N N N ViR
{7 100Hz 15 . . . avi/Hz
fo=1kHz 13 . . . v /Hz
Input Current Noise
1520.01Hz 10 10Hz 50 1 . . . A pp
Density
fo=10H2 03 * . M PR
to=100Hz 046 . . . wvm
fo= 1kHz 035 * * * pAA
DYNAMIC RESPONSE
Smalt Signal. =308 Flatness
G=1 200 . . . kHz
G=10 140 . . . XHz
G =100 % . . M kHz
G = 1000 25 . . . Mz
Smali Signal. = 1% Fiatness
G-1 20 . . . "z
G-10 10 . . . kHz
G- 100 1 . . . KHz
G = 1000 200 * M N Hz
Fult Power. G=110 100 64 . . . KMz
Slew Rate. G=110 100 02 04 . . . . . . Vips
Settiing Time (0.1%)
61 0 © . . . . . . "
G =100 & 85 . . . » . . "
G = 1000 35 470 . . . . . . . =
Setthing Time (0.01%)
G=1 0 & . . . . » . ™
G =100 50 70 . . . . . . "
G = 1000 500 850 . . . . . . "
POWER SUPPLY
Raied Voltage 15 . . . v
Voltage Range 15 120 . . . . . . v
Cutrent, Quiescent =67 185 . . . . . . mA
TEMPERATURE RANGE™
Specihication -25 +85 -85 ~125 . . 0 -10 L]
Operation -55 +125 . . . . -2 .
Storage —£5 +150 . . . . -4 .ﬁ -E
* Specifications same as for INA10TAM/AG.
NOTES: (1) Typically the tolerance of Rq will be the major source of gain error.  (2) N y is the o from the best straight-line as a percentage of

peak-to-peak full scale output.
*C/W.

{3) Not including the TCR ot Rq.

Burr-Brown IC Data Book

(4) Adyustable 1o zero at any one gain.
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{5) #x output stage = 13°C/W, fc quisscen circuilry = 18°C/W,
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'ECHANICAL
— M Package G Package
. Hermetic DIP
H 70-100 Case = —Vcc gy ;
Leads in true position wihin 14 Leads i true position within it
” — 0.010" (0.25mm) R at MMC o °“ o 2'5"""’ R at MMC at
i at seating plane " » seating plane. s
. :; Pin numbers shown for b Pin numbers shown for reter- ‘ <
. 203~ i ;:'"::“ only.  be markeg ;4[ ence only. Numbers may not - &
i z £ umbers may not be markex arked on package , )
e e 3 on package A—= ¢ pe marmed on packag =1
R INCHES MILLIME TERS 2 P
. Lol & OiM I MIN | MAX MIN | MAX ; ‘ P
. M"c g A 338 30 | 851 9 a0 INCHES MILLIME TERS Z |
: -poee | 8 305 .335 775 851 Oiv [ MiN | MAX MIN MAK b :
%0l pp g 1 c 185 .185 419 420 a 570 710 17 02 18 03
—————— j o 016 021 oa 0s3 < 085 110 1865 4232
¢ ¢ low |ow o2 102 5 Jows ] on o3 | 0%
v [ 010 040 0.25 102 3 o4s 060 [ 152
""’A G 230 BASIC 5 84 BASIC G 100 BASIC 2.54 pASIC
w : Lal 028 034 on 0 86 - 025 020 054 178
. — 3 J 029 045 o4 114 3 008 012 020 030
3+ {250 - W g X 500 1270 —ode— | < 120 240 308 [l
i 3 N 120 160 | 305 | 406 . . 200 BASIC 7.62 BASIL
™ 36° BASIC 36° BASIC M ] [ N T o
N | e Tz J27s Taos o | V ~ Joos | uso 623 | V52 [/} i
BOTTOM VIEW m o
e
E ‘ :
U Package P Package :
. —— A ] . po———— A o e
(- A, AANNAD R Case = ~Vcc
’ Leads in true position within :
NOTE. Leads in true position 8 0.10" (0.25mm} R at MMC < :
‘1 within 010" {.25mm) R at MMC at L§ at seating plane 1
g B8 seating plane VIV VVVV . Pin numbers shown for '
Pin numbers shown for reference Denotes Pin 1 reference only o s
b ; onty. Numbers are not marked on : o F Numbers may not be marked J
4 kage. y on package : :
H pin 1 [ ] ¥ <
i c b=
INCHES | MILLIMETERS WNCHES MILLIMETERS z ]
i I Cc OM [ MIN | MAX | MIN [ MAX N ¥ X O TN | Max | MiN | MAX m ‘
v A 400 41 1015 | 108? - 880 ey 1676 | 1994 s
vy Dl N Ay . L1l 8 | 1045 ! L) 220 | 280 589 10 E ]
[chali ool S 8 286 | 02 | 128 67 [ Sesting < |- 200 508 : 4
. i ifi B 288 286 8 126 -] o1s 023 038 ose B
PA.p-p Pin 1 identifier e ow T % % [ 277 H G Plane 0 00 010 976 1 7e I i
on © | 015 ] 0% | 638 | 0st L -~ G| 1oosasc 754 BASC =1t
. PANH G_] 00 BASIC 127 BASIC | w Jooo ] o9 mni
[ . G J L " W 022 038 | 05 | 097 J oos (15 020 038
Tl J ] o] o2 ] 02| 0% « oo ) <
L L 39t a2 9493 | 1069 . 300 BASIC 782 8ASIC —
:""’1‘ ™ 5 Ve 5 TYP J R AR AT I
pris N ] 0] 021 o] 030 M o s~ Joo oo | ooy ] is
kHz
Hz PIN CONFIGURATION
kHz
wHz
Hz
H A4 oures 1+ 16 [] common
Vi outeut [} » 14 ]l common ;
. Ve (§ 2 15 ] Vee
: - Ve [ 2 Bl ove
. : P I 1 ] +INPUT
INPUT [ 3 ”? J SINPUT 4
: " G GAIN SENSE 1 { . 3 ] GAIN SENSE 2
. - cansenset [ «  of 1t f] cansense2 u
—— . P GAIN SET 1 D s 2 ] GAIN SET 2
GAIN SET 1 E 5 i ] GAINSET2
. v orrsev acu [f 6 n ] a2 outeut
. A OFFSET ADJ E 6 9 ] A2 OUTPUT
7 - OFFSET ADJ [ ? 10 n A1 OUTRUT
i < TOP VIEW . OFFSET ADJ [ 7 8 B A1OUTPUT .
a8 < w (] e o {] nc
+85 t
iraight-line as a perce of
g Circuitry = m.
!
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ORDERING INFORMATION

INA101SM__{Metal TO-100
BURN-IN SCREENING OPTION

Tomperalure
Model Package Range

INA1O1AG | Ceramic DIP | ~25*C to +85°C
INA101CG | Ceramic DIP | -25°C to +85°C
INA101AM  [Metal TO-100| -25°C to +85°C
INA1OICM  |Metal TO-100{ -25°C to +85°C
INATOTHP Plastic DIP | 0*Cto +70°C
INA10TKU Plastic SOIC | 0°C to +70°C
INA101SG | Ceramic DIP |-55°C to +125°C

-55°C to +125°C

See text for details.
Bum-in

Model Package |Temp. (160h)"'
INA101AG-BI | Ceramic DIP 125°C
INA101CG-BI {Ceramic DIP|  +125°C
INATO1AM-BI [Metal TO-100|  +125°C
INATO1CM-B! [Metal TO-100]  +125°C
INA1O1HP-BI | Plastic DIP +85°C
INA101KU-B! | Piastic SOIC +85°C
INA101SG-BI |Ceramic DIP |  +125°C

INA1O1SM-Bi_[Metal TO-100] _ +125°C |

NOTE: (1) Or equivalent combination. Ses text.

ABSOLUTE MAXIMUM RATINGS

F T
internal Power Dissipation . .. .
input Voitage Range ..

Operating Temperature Range M, G .. .. . 58°C to +125°C
PU..... . 25°Cto +85°C

Storage Temperature Range: M. G ...... . -85°C to +150°C
PU. i ~40°C to +85°C

Lead Temperature (soidering, 108) M, G, P
Lead Temperature (wave soldering, 3s} U .
Output Short-Circuit Duration ...............

. 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 Figurs 2 uniess otherwise noted.

Burr-Brown IC Data Book

Frequency (Mz)

TOTAL OFFSET VOLTAGE
0.0t GAIN NONLINEARITY VS GAIN CMR VS SOURCE IMBALANCE DRIFT VS GAIN
g
.. ey
a », (4]
Y /o = S /
# 0.003 - 2320
Max @ sense £
. z g g /
£ 5% & 2
H Typ e °
é 0.00% - S » G.V
€ 3 r
3 o — £ /\r
2
DC mwens 8 / ©
0.0003 40 I : 32
1 10 ) 100 1000 1 32’ 10 32 100 1 10 100 1000
Gain (V/V; Source Resistance Imbalance (k}) Gain (V.
GAIN VS FREQUENCY 120 CMRA VS FREQUENCY GAIN ERROR VS FREQUENCY
[ G = 100, 1000
—
60 j82 000 S =10 / /
N 100 10%
R .
G=1 /
- G = 100 N\ —
g 40 ] a g G= woy
< h « 80 2%
k] = \ b w
o 20 G=10 e 5 Balanced € /G /
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G=1 1% Error ~ 80 0.1% ]
0 \
\ A //
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0.01% i
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v,
=&

N 100 1000
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I0R VS FREQUENCY
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WARM-UP DRIFT VS TIME

QUIESCENT CURRENT VS SUPPLY

STEP RESPONSE

10 +9 T

> ' =

2 i 10 G=1

3 8 < i

£ E *8 + - t /G = 1000

° - ! ° *3 ¢ +

Zs § : !

3 5 | 2 i

3 O 7 = 50 f

3 4 & ! 2 i

3 \ 2 6 5 +— -~ —

3 3 6

© 2 \ o 10

o - — ——

c

z N

© —— +5 L R J
0 1 2 3 4 5 [¢] +5 £10 =15 *20 0 100 200 300 400 S00 600

Time .Minutes

SETTLING TIME VS GAIN

Supply Voltage (V)

OUTPUT NOISE VS GAIN

Time us

INPUT NOISE VOLTAGE
VS FREQUENCY 100 GAIN 1000

1000 30 1000
- = + j
Ry = 2kf1 F ~ - >
Ci = 1000pF 5 [I/ s [ p ]
> <
> ——— —e
2 320 € 20 €100
e & 3 o ]
£ 2 Rs = 1M1 g & R —
L ) .-6—
2 = > = E
c
Z 3 ¥ Joe—=
B 100 g 10 5 0r — —
] E 2z 4
2 s 0
3 N -
3 < o -]
32 [¢]
] 10 100 100C t 1 10 100 1000
Gain VV Gain vV 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 amplifier. on the other hand. is an open-loop.

. _G.Z’.lw_‘_.E!
" TCMRR " CMRR

For INAT01 6 = 1 + 40k/Rg
whers Rg is the galn seting resister.

FIGURE 1. Model of an Instrumentation Amplifier.

Burr-Brown IC Data Book

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 1o 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 INAIO! arc shown on the
first page. It is a three-amplifier device which provides all
the desirable characteristics of a premium performance
instrumentation amplifier. In addition. it has features not
normally found in integrated circuit instrumentation
amplifiers.

“The input section (Al and A2) incorporates high per-

3-15

formance, low drift amplifier circuitry. The amplifiersare
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.
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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-mode rejection. (The 106dB minimum
at 60k 2 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-
mode rejection when the INALO1 is operated over wide
temperature ranges.

USING THE INA101

Figure 2 shows the simplest configuration of the INA101.
The gain is set by the external resistor. Ri; 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 | and 4. At high gains where the
value of Ri becomes small. additionat resistance (i.e.,

[}

! This clrcult may be used 3 4 raplacoment o,
L for e single polsntiometer. X will adjust o
} ofiset snd laave dritt unchanged.

[}

OPTIONAL |

OFFSET
ADSUST

* 1oMn

8 OUTAUT
INAYOIM

& =11+ /G Ep - Y]

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 100V
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 amptifier. This limits
the resistance in series with pin 7 to minimize CMR error.
Resistance above 0.1} 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 INA10! is shown in
Figure 2. The output voltage is a function of the
differential input voltage times the gain.

OPTIONAL OFFSET ADJUSTMENT PROCEDURE

1t is frequently desirabie 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:

1
q INAIOIN
L SUTPUT
10 +15V0C
?" ™0 o
R/ .l "
orea - $ k0 1
Aweuren IR 1V

.

Burr-Brown IC Data Book

FIGURE 2. Basic Circuit Connection for the INA10!
“Including Optional Input Offset Null
Potentiometer,

FIGURE 3. Optional Output Offset Nulling or Offsetting
Using External Amplifier (Low ¢
" Impedance to Pin 7).
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4. St Er=E1= 0V (be sure a good ground return path

{  exists to the input).

"9, Set the gain to the desired value by choosing Rg.
3. Adjust to 100k potentiometer in Figure 2 until the

¢ output reads 0V +1mV 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
. readsOV 21mV ordesired 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

* circuits.

sink on the INAIOIM package. Rapid changes in dic
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 ). input
impedance, offset voltage and drift. gain accuracy,
linearity, and noise. The INA1OI accomplishes ail of
these with high precision.

INA101

Figures 4 through 16 show some typical applications
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FIGURE 5. Amplification of a Transformer-Coupled Analog Signal.
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TWISTED
PAIR

»
oke 2
FOR BIAS 6
CURRENT
RETURN

INAIOIM

ASVDC EXTERNAL

AMPLIFIER

\nl
10k12  OFFSETTING

The range of +VDC is OV te +75V

FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter.
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3
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&= 1000

v

+15V0C {from isslatien power supply)

EWT .o

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

*DOES NOT REQUIRE EXTERNAL ISOLATION POWER SUPPLY
o 58+
ISOLATION AMPLIFIER
L 150100
8
Ex i: R . INATOINM ﬁ“ o
%58°
Equr
10 e
O-o—f /ﬂ 1
& +15V00 “T5VIC S15V0C +15V0C
: iNPUT ISOLATION POWER SUPPLY OUTPYT | -15VOC
: COMMON COMMON —,

FIGURE 8. Precision Isolated Ir_lstrumentalion Ampliﬁer.'
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R SuPPLY

CHANNEL SELECT
GAM SELECT
o—1+ S CONTROL LOGIC
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&
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*Vpgr AND GROUND
g MAY BE USED FOR
ERROR CORRECTION
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FIGURE 9. Multiple Channel Precision Instrumentation Amplifier.
3 +24v fo
' ! 20mA
“ []
+10Vner P 15 ' 12mA} Vo
m ® ~i0mY  +i0my
\ 9 1
o, L_+7Y.T8 +10v q § 8| mAT020m
_ - Ju I
1 2 [}
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FIGURE 10. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier.
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Eue +

INAYOIM

.L"""' +15V

FIGURE I1. Ground Resistance Loop Eliminator (INAIO! senses and amplifies V, accurately).
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K A UP-SCALE
THERMOCOUPLE BURN-OUT
INDICATION

14
4

INAIO1S
oR?

§
s e
[
ey o0
JUNCTION
COMPENSATION

y
s 15k

Y +15¢

FIGURE 12. Thermocouple Amplifier with Cold Junction Compensation.
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FIGURE 13. Differential Input/ Differential Qutput Amplifier (twice the gain of one INA).
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FIGURE 14, Auto-Zeroing Instrumentation Amplifier Circuit.
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FIGURE 16. Programmable-Gain Instrumentation Amplifier Using the INAI01 and PGAI102.
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