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instrumentation amplifier (in-amp)

1. Not all amplifiers used in instrumentation applications are
instrumentation amplifiers,

2. and by no means are all in-amps used only in instrumentation
applications.

In-amps are used in many applications, from motor control to data
acquisition to automotive. The intent of this guide is to explain the
fundamentals of what an instrumentation amplifier is, how it operates,
and how and where to use it. In addition, several different categories
of instrumentation amplifiers are addressed in this guide.

in-amps vs. op-amps:
what are the differences?

Internal closed-loop gain closed-loop gain is
determined
by external resistors
Gain adjustet resistor(s) is not Loop resistors affect input impedance
connected with any input (can change the input resistance)

Op-amps features

Ry = R1 (= 1k TO 1MQ)
GAIN = R2/R1

Ryy = R+ (1050 TO 10120)
GAIN = 1+ (R2/R1)

A MODEL SHOWING THE INPUT

A MODEL SHOWING THE INPUT RESISTANCE OF A RESISTANCE OF ATYPICAL OP AMP
TYPICAL OP AMP OPERATING AS AN INVERTING INTHE OPEN-LOOP CONDITION
AMPLIFIER—AS SEEN BY THE INPUT SOURCE (R-) = (R+) = 1050, TO 101502

OP AMP INPUT CHARACTERISTICS




In-amp properties

THE VERY HIGH VALUE, CLOSELY MATCHED INPUT
RESISTANCES CHARACTERISTIC OF IN-AMPS
MAKE THEM IDEAL FOR MEASURING LOW

LEVEL VOLTAGES AND CURRENTS—WITHOUT
LOADING DOWN THE SIGNAL SOURCE.

o
REFERENCE
VOLTAGE
ouTPUT
VOLTAGE
MEASUREMENT REFERENGE

FROM A BRIDGE

IN-LINE CURRENT MEASUREMENT
I—

OUTPUT

REFERENCE

THE INPUT RESISTANCE OF A TYPICAL IN-AMP
ISVERY HIGH AND IS EQUAL ON BOTH INPUTS.
INPUT CURRENT IS LOW, SUCH THAT IB x R
CREATES A NEGLIGIBLE ERROR VOLTAGE.

R-=R:+=10°0TO 10120

IN-AMP INPUT CHARACTERISTICS

CMRR in-amp vs. op_amp

Vour= (Vi x GAIN) =Vey
GAIN = R2/R1
CMGAIN =1

R2

1
|
1

(not an in-amp)

1

| DIFFERENCE AMPLIFIER
! 380k
'
'

1Vour

Differential Amplifiers

1
0.uF

' DIFFERENTIAL
INPOT

limited input resistance

Srurer

AD628

Vour

*VCM can be higher than supply
voltage of tha amp
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In-amp applications
¢ Data Acquisition
¢ Medical Instrumentation (EEG, EEC)

¢ Monitor and Control Electronics (current, voltage
monitoring)

¢ Power Control Applications
¢ Audio Applications (very high CMRR vs.frequency)
¢ High Speed Signal Conditioning (including video signals) ??

common mode and differential signals

SIGNAL
SOURCE

Roir
2

coumon oD
@ Sottar NoisE (’LK

(LOAD RETURN)

in-amp properties

High AC (and DC) Common-Mode Rejection

Low Offset Voltage and Offset Voltage Drift (1 uV/deg to 10uV/deg)
A Matched, High Input Impedance

Low Input Bias and Offset Current Errors (pA)

Low Noise -10 nV/VHz @ 1 kHz (gain > 100)

Low Nonlinearity (0.01% or better)

Simple Gain Selection

Adequate Bandwidth (up to 5MHz)

Differential to Single-Ended Conversion

Rail-to-Rail Input and Output Swing (offten)

Power vs. Bandwidth, Slew Rate, and Noise (disadventage — power
desipation)




INSIDE AN INSTRUMENTATION AMPLIFIER

A1, A2: OP2177, AD8698
| A3:0P1177

o—Q+

Viny
INVERTING l10k 10k
INPUT

Vour = (Vine = Vint (2
FORR1=R3,R2=R4

REFERENCE
o

110k

D
10k
INPUT | outpUT ‘7
SECTION | SECTION

o—=0)

Vinz
NONINVERTING
INPUT

A subtractor circuit with input buffering.

in-amp inside cont.

A1, A2: OP2177, AD8698
| A3:OP1177

l10k0 10k
R

Vint
INVERTING
INPUT

I
|

Rs \ R2 ‘

Vour = (Vinz = Vint)( 1+ FR7) |

FOR R1=R3,R2 = R4, R5 = R8, R6 = R7 R7 S|
ke S

I
= 82! gy R4 REFERENCE
A2
Vinz o oy I10kQ 10k
NONINVERTING wput | output
INPUT SECTION |~ SECTION

\ buffered subtractor circuit with buffer amplifiers operating with gain.

in-amp inside cont.

A1, A2: OP2177, AD8698
| A3:OP1177

1ok 10k
R1

Ving 0—Q.
INVERTING
INPUT

|
|
Rs \ R2 ‘
Vour = (ViNg = Vin1)(1+ R—i)(ﬁ
FOR R1=R3,R2=R4,R5 = R8, R6 = RT

L

R7 3|

)
i } R3 R4 REFERENCE
Vinz o ‘S }mkn 10k
NONINVERTING INPUT ouTPUT
INPUT SECTION | SECTION

\ buffered subtractor circuit with buffer amplifiers operating with gain.




in-amp inside cont.
change of one resistor change the gain

A2: OP2177, AD8698
1177

© 4 10kQ
O SENSE

Ving
INVERTING
INPUT

2R,
Vour = (Vinz = Vin)(1 + R_:N%

FOR R1 =R3, R2 = R4, R5 = R6
R4 REFERENCE

©®
|
Vinz © Imm 10kQ é
NONINVERTING INPUT H OUTPUT
INPUT SECTION SECTION
The classic 3-op amp in-amp circuit.

Common Mode Voltage

+5V + CMV*
N 10kQ

SIGNAL VOLTAGE

10mV p-p
NONINVERTING

INPUT
COMMON-MODE |

ERROR VOLTAGE

10kQ

INVERTING ?
INPUT

T
*WITH 10mV p-p INPUT SIGNAL

APPLIED, OUTPUT FROM A1 AND A2
WILL BE 5mV x 1000 =5V +
THE COMMON-MODE VOLTAGE,

10kQ

-5V + CMV*

A 3-op amp in-amp showing reduced CMV range.

Rg (OPTIONAL)
- _| A1, A2: OP2177, AD8698
rs | R4

49.9k

Vini ©

Vinz O
49.9k)
Ra . 2ma) "OPTIONALINPUT PROTECTION
Vour=(Vinz ~Vin) (1+ 55 + =) RESISTOR FOR GAINS GREATER
THAN 100 OR INPUT VOLTAGES
FORR1=R4,R2=R3 EXCEEDING THE SUPPLY VOLTAGE

Figure 2-6. A 2-op amp in-amp circuit.




single supply consideration

+5V. 25V x-025= -0,635V
+2.5V R1 R2 R3 R4
AD580,
AD584

o

30p-amp vs. 2 op-amp

Single supply can be easy applied. Limited input voltages for single
supply (1st stage can be working
with negative output)

Signals from both inputs have the Lower CMRR (it comes from the

same path to output. inherent imbalance in the
common-mode signal paths
of the both inputs
especially for high
frequencies)

MONOLITHIC IN-AMPs

Table 3-1. Latest Generation Analog Devices In-Amps Summarized'

Power |-3dB CMR |Input |Vos  |RTI Input

Supply |BW 10| Offset |Drift |Noise?  |Bias

Current | Typ (dB) | Voltage | (uVF°C) | (aVAHZ) | Current
Product | Features Ty (G=10)  [Min [Max |Max |(G=10) |(nA) Max
AD8221 | Precision, high BW 09mA |560kHz  [100° |60V |0.4 llmax |15
AD620 | General-purpose 0.9mA |800kHz  [95° [1254V |1 16max |2
ADS8225 | Precision gain = 5 1.1mA |900 kHz' 837 150 wV [0.3 Supt |12
AD8220 | R-R, JFET input 750 pA [1500kHz  [100  |250 uV |5 17tp  |10pA
ADS222 | Dual, precision, high BW |18 mA |750kHz  |100° [120uV |0.4 Hmax |2
AD8230 | R-R, zero drift 27mA |2kHz 110 4 200typ |1
ADS250 | High BW, programmable gain |35 mA |35MHz (100 Bop |15
ADS251 | High BW, programmable gain |35 mA |35MHz (100 Byp |15
AD8553 | Auto-zero with shutrdown | 1.1 mA 2 100 1500p |1
AD8555 | Zero drift dig prog 20mA |T00KHZ®  |80° R2up |22
AD8556 | Dig prog IA with filters 20mA |700kHZ'  |80° R2up |54
AD622 | Low cost 09mA |800kHz |86 Hdp |5
AD621 | Precise gain 09mA |800kHz |93 17max’ |2
AD623 | Low cost, S.S. 375uA [800kHz |90 3Bup |25
AD627 | Micropower, S.S. 60pA |80 kHz 100 £29p |10

ingle supply.
"Refer to ADI website at www.analog com for latest products and specifications.
2At 1 kHz. RTT noise = V((ex)? + (€poc)?)-

For dc to 60 Hz, 1 K0 source imbalance.

*Operating at a gain of 5.

*For 10 kHz, 1 ki) source imbalance.

“Operating at a gain of 70.

"Referred o inour (RT.
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In-amp example RG +1

3 1s ComPENsATION
10k

10k

outpPuT

A3 >
10k
R1 R2 +s
247k 247k Vs vg
4000 s s 4000
* X a2
N at 2] 100 REF
3 H x
3

CMRR (dB)
GAIN (dB)

10k L1 L1l
10k 100k
FREQUENCY (Hz)

FREQUENCY (Hz) 10M

PREAMP GAIN AMP PREAMP GAIN AMP
—— A —

Loww

Veer
The differential component of
the input signal is stored on
lsampling capacitors, Csyype. The
lgain amp conditions the signal
stored on the hold capacitors,
Crowp- Gain is set with the RG
and RF resistors.

The differential signal is
transferred to the hold capacitors,
refreshing the value stored on
Chowp- The gain amp continues to
condition the signal stored on the
hold capacitors, Cyp,p.




Auto-Zeroing In-Amps preamplifier phase A
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Auto-Zeroing In-Amps gain amplifier phase A
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Auto-Zeroing In-Amps preamplifier phase B
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Auto-Zeroing In-Amps gain amplifier phase B

PREAMP GAIN AMP
—_—

$—o_o-
@Bo

Vour

new techniques in in-amps (AD8556)

Voo

AD8556

Vss FILT/DIGour
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AD8555

Vom =28y TTTIT Vo= =25V
GhIN=+70 GAIN = 41280
60 = <
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Fixed Gain (Low Drift) In-Amps: AD8225

Vs

+Vs D a +Vg
40002 4000
-IN at Q2 +IN
= =
A1/ uniry. \ A2
Vs GAIN Vs
Rz} o2 BUFFERS b

R1
4 15k0
l 3k s
3k A3 Vour
+ +Vs
GAIN-OF-5 RA
DIFFERENCE AMPLIFIER 15k
Vaer
Ve

Monolithic In-Amps Optimized for
Single-Supply Operation: AD627

)




MONOLITHIC DIFFERENCE AMPLIFIERS

Table 4-1. Latest G i f Analog Devices Difference Amps ized'

Power |-3dB CMR | Input | Vos RTI

Supply | BW G=10 | Offset |Drift |Noise? _

Current | Typ (dB) | Voltage | (uVFC) | (aVIVHz)
Features Typ (G=10) |Min | Max [Max |(G=10)
5.5.,28V CMV, G = 20 250 pA | 50KHz 80>%5 [1mv® |10 300 typ?
S$.5.,28VCMV,G = 14 250 pA | 60 KHZ' 80%7 [ 1mV® [10 300 typ’
$.5.,65V CMV, G = 50 1mA 50kHZ  [80%%° [ 2mV® |15tp  [500 typ®
S.5.,65V CMV, G = 20 1mA 00kEz {7627 | 2mV® |150p  [500 oyp’
S.S., current shunt monitor 500pA |500kHZ (100 [ 1mV® [5up  [80wp’
Adjustable gain; CMV up to 500V* | 200 pA | 500kHz |90 1mV |10 100 typ
Dual channel 13mA" [500kHz | 100 1mv_ |10 70 typ
270 MHz receiver 12mA (270 MHz [832" | 1.8mV |35mV |125tp'™
High CMV 1L6mA [600kHzZ® |75 | 15mV |4 300 typ'?
High CMV, G = 1 0.9mA | 500 kHz 2 mv_ |6 550 typ'?
High CMV 15mA 551 500V |1 250 yp
High BW, G = 1 35mA |3 MHz 85 | 400 uV |NS 750 yp'?

monolithic dif-amp, an example

AD8202
G=2
() out
monolithic dif-amp, an example
bridge (subtractor) circuit
N P filter can be
— —F incorporated
Ra Ra.
100k
nmmmsu;: ®© p ®
Id gain =2
Rg R R
e
{4 Re| | Re AD8202
1]

preamp gain = 10 Amplifier A3 detects the common-mode signal
applied to A1 and adjusts the voltage on the
matched RCM resistors to reduce the common-
mode voltage range at the A1 inputs.




current shunt monitor

IsHUNT

RsHUNT

usually

Vee the output is

O
usuaW%ND

Vour = (Isuunt x Rstun) x 20 ¢

<5

centered at

VourVCC/2 when the

input signal is ’

21.1kQ
AD629 3 NG

380k | 380kQ

20k

~unity-gain difference amplifier
common-mode input voltages of up
to 270 V.

[7]+vs .
«excellent CMR in the presence of
€] output high common-mode input voltages

~operate from a wide power supply

<] rer s range of ©2.5 V to o18 V.

monolithic, unity-gain, 3 MHz dif-amp

basic analog building block for differential amplifier and instrumentation applications

-IN(2)

+IN (3)

vice
ment

AMPO3
25k 25kQ

(1) REFERENCE
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High Frequency Diff- Receiver/Amplifiers

+3 dB bandwidth of

270MHz,

+80dB CMR at 2MHz, and a
70 dB CMR at 10 MHz

GAIN (¢B)

«active feedback !!! -

feedback do not affect the

LA bLbAL o e

inputs

1
FREQUENCY (MHz)

Making use of an in-amps

Application assumption:

*Dual-Supply Operation or Single-Supply
Operation

*Need for True R-R Devices

*CMRR

~offset

~offset drift

*noise

egain

Application tips

*power supply bypassing, decoupling, and
stability issues

*input ground return

«center polarization of input and output
(especially case of single supply)

sproperly driving an in-amp’s reference
input

*input protection from esd and dc overload

14



Application tips

power supply bypassing, decoupling, and stability issues

Application tips
input ground return

+Vg
c1 Ig1
c1 I@ ,.Nﬂ,_é_—»
_IN°_| A\\-] c2 mIaz
c2 o Vout 4N o RZ—' +
+INo—]
Vs %

. rereRence

oo

Application tips
center polarization of input and output

+Vg
-INo—]|}
Vem $R1
['\\‘] o—3 Vour
c2 R2
I
+NO REFERENCE
INPUT
VRer
(TYPICALLY Vg/2)
CiR=C5R,
for CMR (h..) Iy R —15R, =AU,




monolithic, unity-gain, 3 MHz dif-amp

basic analog building block for differential amplifier and instrumentation applications

AMPO3
25kQ  25kQ

-IN(2) (5) SENSE
_VCC i et
OUTPUT A
-Veg S

+IN (3) (1) REFERENCE :

Analog Device
advertisement
materials

Application tips
properly driving an in-amp’s reference input

o)
REFERENCE
INPUT

ROBLEM: R2's RESIST

EXTERNAL
TANCE REFERENCE
AUSES CMR ERROR AND Ry VOLTAGE

P
c

s
-

SR A 2 e ONBACceD

AN A onaEvoL e

N eRRoR i TRODUCED

BV ARG OF B —_—

VOLTAGE
DIVIDER

Application tips
input protection from ESD and dc overload

+Vs +Vg
+Vg +Vg
- sidi addltlopal external
-IN Q1 Q2 +IN protection
with Schotky diodes,,
200k 2
-Vs Vs Vs Vs

6mA MAX INPUT CURRENT

internal protection




Application tips
gain drift

S1eRLL
G=1 RZ 100

Different power dissipation in R1

—o and R2 can cause gain drift even
i AW then temperature coefficients of
both resistors are equal
R2 =1k, 1/4W
v

Application tips
gain and ofset drift

* |+
—l i RESISTOR = |_ )
™ MATERIAL T2 Error (voltage offset) is
/ \ + due to temperature
o—\/va—Af—o difference of resistor (or
HESIETORTERDS any qther component)
terminals.
TYPICAL RESISTOR THERMOCOUPLE EMFs
+ CARBON COMPOSITION 400pV/IC
« METAL FILM 20pvrc
+ EVENOHM OR MANGANIN
WIRE-WOUND 2pvre

+ RCD COMPONENTS HP-SERIES 0.05uV/°C

Application tips
RTI vs. RTO errors

Total Error, RTI
Error/Gain)

Total Error, RTO
Output Error

= Input Error + (Output

= (Gain * Input Error) +

VOLTAGE OFFSET
Input Offset, Vst
Over Temperature
Average TC
Output Offset, Voso

Over Temperature
Average TC
Offset Referred to the

(Total RTI Error = Vog; + Voso/G)

Vs=45Vi0£15V 30k 125
Vs=45Vio£15V 185
Vs=45Vi0£15V 03 1.0

Vs=215V 400 1000
Vs=%5V 1500
Vs=+5Vt0+15V 2000
Vs=+5Vt0+15V 50 15

Total Offset Error RTI = VOSI + (VOSO/G) = 30uV + (400 uV/10) = 30 V + 40V

=70uV

Total Offset Error RTO = (G (VOSI )) + VOSO = (10 (30 uV)) + 400 uV = 700 p
v

17



100nV/Hz
T 200nV/Hz

130nV//Hz

Fe (130) +(200) +(100)’ +(41) +(126)° _ (130) +(260)’

=1+4=5=7dB
(130y 130y

LTC6241 low noise amplifier

SHOCK SENSOR
MURATA-ERIE
PKGS-00LD 1k
T70pF
10002 10k "
ouT
= = R K
BIAS RESISTOR 12
VISHAY-TECHNO LTCE241HY,
CRHV2512AF10076 i
(R EQUIVALENT) VouT - 110mvig
s V5 =+1.4V10 2550
o BW = 0.2Hz 10 10KHz
1000 10k

Linear Technology
advertisement materials

LTC6241 twice
better SNR

(neglecting source noise)

w K
s
—
?WB "
Linear Technology
o advertisement materials




Application tips
Practical RFI Filters

Bor =5 m@c 1)
abpke  To00FT 1 RS 2 1
-
;
S T o N

bia = By = ARC

4 11
v 0.014F

i

_\ >, o

Figure 5-25. Capacitor C2 shunts C1a/C1b and very effectively reduces ac CMR errors due to
component mismatching.

Application tips
Practical RFI Filters

Selecting RFI Input Filter Component Values Using a Cookbook Approach
The general rules of designing of RC input filter.
1. the two series resistors
+ typical values between 2 kQ and 10 k Q; check if input circuit can
drive these impedance,
+ these resistors should not contribute more noise than that of the in-
amp itself.
2. value for capacitor C2
« (2 sets the filter’s differential (signal) bandwidth; best to set this as
low as possible without attenuating the input signal;a differential
bandwidth of 10 times the highest signal frequency is usually
adequate.
3. select values for capacitors C1a and C1b; which set the common-mode
bandwidth;
« for decent ac CMR, these should be 10% the value of C2 or less,
+ The common-mode bandwidth should always be less than 10% of the
in-amp’s bandwidth at unity gain.

EMI protection result

I

l \NON-EMI PROTECTED SOLUTION

L

AD8556 (ENHANCED PART FOR EMI)
0 200 400 600 800 1000 1200
FREQUENCY (MHz)

8

DEVIATION FROM DC OUTPUT (mV)

Analog Device
advertisment
material;
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veoso—

heco—|

oG

AD8556

FLTDIGOUT

X2Y capacitor

By the way....

X and Y capacitors in EMI filter

X capacitor failure
could not lead to
electric shock (hot to
neutral)

Y capacitors failure could lead to
electric shock if the ground
connection were lost

20



Class X Capacitor (Line - to -Line)

I-C' A
E Failure could result in fire

Class Y Capacitor (Line - to -Ground)

— A

Failure could result electric shock

Common mode chock as emi filter

+Vs
0.014F 0.33uF

PULSE

ENGINEERING

#B4001 COMMON-MODE

RF CHOKE

+IN +

% Ra IN-AMP Vour
N o_,-’"“l— -

REF
0.01uF 0.33uF

Vs

USING LOW-PASS FILTERING TO IMPROVE

SIGNAL-TO-NOISE RATIO

To extract data from a noisy measurement, low-pass filtering
can be used to greatly improve the signal-to-noise

ratio of the measurement by removing all signals that are
not within the signal bandwidth. In some cases, band-pass
filtering (reducing response both below and above the

signal frequency) can be employed for an even greater
improvement in measurement resolution




COMMON-MODE
INPUT SIGNAL
(AC OR DC)

R1

ACCMRTRIM ¢
L

R2

Rs

O SENSE

—O OUTPUT
DC CMR TRIM

R3

.
“

TIP: discrete design of an In-amp has usually
better performance (bandwidth and CMRR)

IN-AMP AND DIFF AMP APPLICATIONS CIRCUITS

V. .+V

ref1 ref2

Vi, =
ocM 2

TIP: this is very useful
with AD converter - Vi,
can be connected with U,
of ADC and V¢ with ADC
ground so OV of input is 2
value of ADC

ref
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. (on the left) single supply can be used and Vout is positive
. (on the right) dual supply have to be applied, Vout is
negative

. If Vin are negative tips 1 and 2 have to be exchanged

. power is dissipated in one resistor - self heating occurs

. high temp gradient can cause nonlinearities , offset, drift,
lower CMRR

High voltage measurements
improopvemet

AD629
REF(-) 21.1kQ

380k

TIP: one chip - one
OnE temperature !

5 R2
#) o——— 5 19.1kQ

Rser
20002

(Sl

$—o lour

LOAD
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Vee

®

f
TR

o Ve Vi)
oy =

V.up°—|[: W

H

Extremely high CMRR

In-amp build of 3 In-amps

IR (¢B)

v

o ”"$ mrg
+

AD8221

.owFIvDuFl
¥

sy
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Current transmitter

agoke  AD629

e

Vour
i R1
- 1kQ
¢ ‘GROUND INTERFERENCE
GND1 e e GND2
High level (+-10V) to
single supply (5V) ADC
@
O Vs
AD628
s dar
svv
Re  3.32k0)
Tp— AD7450
Rg Ha8D 5 REFERENCE
[0 e
"
Aveze

cLAP 2
DIODE

BATTERY = 14V

INDUCTIVE
LOAD

o

v
outPUT
] [ov] four]

AD8202

| X0 |

COMMON

3 e o conneer
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two directional current sensor

5V
0ApF
CONTROLLER
|Q7’J1——>
VReel | +Vs | OUT
AD8210
GND Vg2 NC o

NC = NO CONNECT

low impedance bridge excitation

TO A/D CONVERTER
+Vs REFERENCE INPUT
+Vs
49.9kQ -
| 12857 200
o

o
Vs
s O g—g——0 45V
a8y 0.1uFE Haur

*REFERTO THE ANALOG DEVICES WEBSITE AT
WWW.ANALOG.COM FOR THE LATEST OP AMP
PRODUCT NUMBERS AND SPECIFICATIONS.

R2 GND o—,I—{{—o?]
200 0.1uF 1nF

-Vs —Vso—T—Lo 5V

ECG signals acquisition

WSTRENTATION G=450 LOW-PASS FIFTH-ORDER FILTER AT 157Hz
G=+ 1iBke STSKQ 19k akn 193k 3F qasko  GanF
a7nF N "

v
AD8220—  HIGHEEASS,,
Ly L\ e

* <4 L
249k 193k
=&V AD8618. T
«;l 245k0] ADB618

v

25V 25v

v

a99k0




0.1pF

T

£ INA116
(
\ A
\ MW | 621 20
R, Re
/ 800
Inpu Guarcs ) o
P p— | R
fo vV Y
\ rotect .
\ Bretect B0k

pH transducer

Solution
Ground

Sample
Electrode
Reference.
Electrode

remote load driver

e TWISTED
PAIRS.

REMOTE
LOAD

TWISTED
PAIRS

ouTPUT
= GROUND




4-20mA loop receiver

+5V 45V

2 3 Vper AVDD DVDD
4 ) 1
470 20mA LINE ADuC812
TRANSDUCER | mpEDANCE 1O 20mA 24903 Re2 | AD627 AINO-7  1CROCONVERTER™
N 8
& 3 AGND DGND

+5V

termocouple transducer

COLD JUNCTION +8V
COMPENSATION

J-TYPE
THERMOCOUPLE

THERMOCOUPLE
WIRES

COPPER
WIRES

GAWN =

summary

. Properties of an in-amp

. in-amp vs. op-amp

. in-amp vs. dif-amp

. in-amp of 3 vs. 2 op-amp
. Application tips:

*EMI filtering

«input ESD protection
+DC biasing

thermal noise

«single supply problems
*CMR trimming
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Test questions examples:

e Draw two basic diagrams of a instrumentation a
e Compare in-amp vs. op-amp

mplifiers ?

¢ What wrong with the circuit (in-amp with two capacitor at the

input) ? (fig.a)

b
——
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