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

I

Internal closed-loop gain closed-loop gain is determined
by external resistors

Gain adjustet resistor(s) is not Loop resistors affect input
connected with any input impedance (can change the input
resistance)

Master programmes in English
Wroctaw University of Technology Al -

Op-amps features

Riy = R1 (= 1kQ TO 1MQ)
GAIN = R2/R1

OUTPUT
Ryy = R+ (108 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+) = 1060 TO 10150

OP AMP INPUT CHARACTERISTICS
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In-amp properties

IN-LINE CURRENT MEASUREMENT
THE VERY HIGH VALUE, CLOSELY MATCHED INPUT I—

RESISTANCES CHARACTERISTIC OF IN-AMPS
MAKE THEM IDEAL FOR MEASURING LOW
LEVEL VOLTAGES AND CURRENTS—WITHOUT
LOADING DOWN THE SIGNAL SOURCE.

ouTPUT

o
REFERENCE

VOLTAGE ~ R1 R3

o
REFERENCE

THE INPUT RESISTANCE OF ATYPICAL IN-AMP

IS VERY HIGH AND IS EQUAL ON BOTH INPUTS.
OuTPUT INPUT CURRENT IS LOW, S IAT IB x R
o CREATES A NEGLIGIBLE ERROR VOLTAGE.

o R-=R+=10°0 TO 10120
VOLTAGE c
MEASUREMENT REFERENCE
FROM A BRIDGE
IN-AMP INPUT CHARACTERISTICS

g@ Wroctaw University of Technology

CMRR in-amp vs. op_amp

BUFFER Vout =Vin (GAIN) |

Vour= (Ui x GAN) =Vew o,
GAIN = R2/R1
CMGAIN =1

|, suBTRACTOR

A7
ViNTIMES il
GAIN

i
]
|

i o
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Differential Amplifiers
(not an in-amp)

1
DIFFERENCE AMPLIFIER

I
380k 1

]

380k

380k DIFFERENTIAL L
friig
A 10060
N
_________ Vi A1
10060
oy
limited input resistance Vow vl
*VCM can be higher than supply s Yeer
o0 it
voltage of tha amp ;-)l/ Re R c2

i s capAL
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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) ??

SIGNAL
SOURCE

Rorrr.

INSTRUMENTATION
AMPLIFIER

NOISE

COMMON-MODE
VOLTAGE
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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)
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INSIDE AN INSTRUMENTATION AMPLIFIER

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

o—0+

Vint
INVERTING 10k
INPUT

Vour = (Vina = Vint (B2
FORR1=R3,R2=R4

REFERENCE
o

110k

D

10k
NPT | ouTpuT V
SECTION ' SECTION

Vinz
NONINVERTING
INPUT

A subtractor circuit with input buffering.

g rooneem | T <=
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in-amp inside cont.

A1, A2: OP2177, AD8698

| A3iOP1177
Ving
INVERTING oko 10k
INPUT 0 A
I

|
R
Vour = (Vi = Vinr)(1+ B2 s
FOR R1=R3,R2 =R4,R5 = R8, R6 = R7 R7 | !
1kQ |

I
"2 R R4 REFERENCE
Vinz l10ke 10k
NONINVERTING wput | output ¥
INPUT SECTION | SECTION

\ buffered subtractor circuit with buffer amplifiers operating with gain.

i o caeaL

Sgeli in English
Wroctaw University of Technology v o

in-amp inside cont.

A1, A2: OP2177, AD8698
| A3:0P1177
© + 110k 10kQ

Ving
INVERTING
INPUT

RS

- (Viz- Bs ) R,
Vour = (Vinz = Vit )(1 + )y

R6
R 1kQ

FOR R1 = R3, R2 = R4, R5 = R8, R6 = R7 R7
1kQ

L

R8

)
} R3 R4 REFERENCE
Ving o)+ I10k 10k
NONINVERTING puT | outpuT &
INPUT SECTION 1 SECTION

\ buffered subtractor circuit with buffer amplifiers operating with gain.

i HUMAN CAPITAL Wi | ]
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in-amp inside cont.
change of one resistor change the gain
A1, A2: OP2177, AD8698
| A3:0P1177
Viny O lok0 10kQ
INVERTING . O SENSE
INPUT é R T
RS2 :
2Rs, R2 Rg & | 1
Vour = (Vinz = Vine)( 1 + 2R *i1 2! o Vour
FOR R = R3,R2 = R4, R5 = R6
R3 REFERENCE
|
Vinz 10k 10k g
NONINVERTING INPUT | OUTPUT
INPUT SECTION | SECTION
The classic 3-op amp in-amp circuit.
H gl i e e |
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Common Mode Voltage

+5V + CMV*
h
T 10k 10kQ
A1
INVERTING 2 |
INPUT O Vour
SIGNAL VOLTAGE
Y 1omV p-p
NONINVERTING
INPUT *WITH 10mV p-p INPUT SIGNAL
p APPLIED, OUTPUT FROM A1 AND A2
COMMON-MODE | WILL BE 5mV x 1000 = 5V +
ERROR VOLTAGE THE COMMON-MODE VOLTAGE,

10kQ 10kQ

-5V + CMV*

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

h

in Englis

T

simpler in-amp

Rg (OPTIONAL)
TWW= = = 7| A1,A2:0P2177, AD8698

Rz | R4

49.9kQ

Rp*

Vinz O
49.9k -Vs
R4 . 2Ra\  *OPTIONAL INPUT PROTECTION
Vour=(Vinz ~Vin) (1+ 35 + S2%)  RESISTOR FOR GAINS GREATER
G THAN 100 OR INPUT VOLTAGES
FORR1=R4,R2=R3 EXCEEDING THE SUPPLY VOLTAGE

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

W Uity of gy
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single supply consideration
+5V 25V x-025= -0.635V

+2.5V R1 R2 R3 R4

-0.625V x 4 =+2.5

Figure 2-8. Output swing limitations of 2-op amp in-amp using a 2.5V reference.

R
Val = VCM + (VCM - VREF )FZ 2
1

i HUMAN CAPITAL Wi
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3op-amp vs. 2 op-amp

3op-amp 2 op-amp
Single supply can be easy Limited input voltages for
applied. single supply (1st stage can be

working with negative output)

Signals from both inputs have  Lower CMRR (it comes from

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

Master programmes in English
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MONOLITHIC IN-AMPs

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

Wroctaw University of Technology

Power [-3dB Input |Vos  |RTI Input
Supply |BW Offset | Drift |Noise’ _ [Bias
Current | Typ Voltage | (uVF°C) | (aVNHZ) |Current
Product | Features Typ (G =10) Max  [Max  |(G=10) |@A) Max
AD8221 | Precision, high BW 09mA | 560 kHz 60pv |04 max |15
AD620 | General-purpose 0.9mA | 800 kHz 1254V |1 16max |2
AD8225 | Precision gain = 5 LImA | 900 kHz' 150 v |03 4Sopt (1.2
R-R, JFET input 750 pA | 1500 kHz 250 pV |5 17tp  |10pA
Dual, precision, high BW ~ [1.8mA | 750 kHz 120 vV |0.4 Hmax |2
R-R, zero drift 27mA |2kHz 10pv |10 20ty |1
High BW, programmable gain 3.5 mA | 3.5 MHz 100 pV |1 Bup |15
High BW, programmable gain 3.5 mA | 3.5 MHz 100 pV |1 Bup |15
AD8553 | Auto-zero with shurdown |11 mA | 1 kHz 20pV |01 1500p |1
AD8555 | Zero drift dig prog 20mA | 700 KHz* 10pv 007 [32np |22
AD8556 | Dig prog IA with filters 2.0mA | 700 kHz* 10pv 007 [320p |54
Low cost 09mA | 800 kHz 1250V |1 |ldgp |5
Precise gain 0.9mA | 800 kHz 250 V7| 257 |17max’ |2
Low cost, S.S. 375pA | 800 kHz 200 pV |2 3Sup |25
Micropower, 8.8 60pA | 80KHz 100|250V |3 290 |10

ngle supply.
er to ADI website at www analog.com for latest products and specifications.

2At 1 kHz. RTT noise = V((ea)? + (epc)?).

SFor de to 60 Hz, | kA source imbalance.

#Operating at a gain of 5.

SFor 10 kHz, 1 k0 source imbalance.

“Operating at a gain of 70.

Referred 10 innur (RTT)
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R, +1
S 1s comPENSATION
10ke2
s
10Ke2
- ouTpuT
A3 >
10Kke2
Vs 1 R2 Vs
247k0 247k Ws  vs
4000 Vs s 4000
- @
N a | 1ok REF
] /RN ¥
Vs Vs
Vs
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GAIN = 101

4

GAIN = 10

GAIN = 10|

B

GAIN=1

CMRR (dB)

40
01 1 10

100 1k
FREQUENCY (Hz)

i o caeaL

GAIN (dB)
N

[T\

NI
[ NN
NN
WAL

10M

FREQUENCY (Hz)

PREAMP GAIN AMP
Van
> Cron
Vorr
+Vem
Van

The differential component of the
input signal is stored on sampling
capacitors, Coupp,e- The gain amp
conditions the signal stored on the
hold capacitors, Cyp,p- Gain is set
with the RG and RF resistors.

i s capAL

i i

PREAMP. GAIN AMP

Lowow

VRer

The differential signal is transferred to
the hold capacitors, refreshing the
value stored on Cy,p,,. The gain amp
continues to condition the signal stored
on the hold capacitors, Cyp,p.
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Auto-Zeroing In-Amps preamplifier phase A

. PREAMP ) | GAINAMP
Van DA leske
°
°
I ChoLo
K a8 T s,
Vorrr ] S
Vem CsampLe A o - Vour
it A e
@B :
o 8 T ChoLo
PA | 4 DA
)o—o—4
Vo ° I
I

g AN CAPTTAL

R
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M

Auto-Zeroing In-Amps gain amplifier phase A

PREAMP
—

GAIN AMP

[455

NULLING AMP

Vour

Rg

i o caeaL
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Auto-Zeroing In-Amps preamplifier phase B
. PREAMP | GAIN AMP |
Van Al-Ao_ 8| o
id Comm L Vour
L 3\9 e Icnom ’
DA B\ © T‘.,
TR EON
l R
Voer
‘B Rg Re
g rooneem <=
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Auto-Zeroing In-Amps gain amplifier phase B

PREAMP GAIN AMP
—_—

NULLING AMP

p—o_o-
@Bo

TCuowo
T

Vour

I

Wroctaw University of Technology J
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G=21+—+Lt
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new techniques in in-amps (AD8556)

DGy Veuwr Vop

Veos

AD8556

vss FILTDIGouT

10
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Vo zzsv TTTITIT Vo257
AN = 47
Z
o 4
120 _
_ R
g, s
£ H
H FE
g
w0 3
© o
o W
fo0 0 1ok To0c ™ I ™ Toox m
FREQUENCY (o) FREQUENCY (HD
e ]
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| )
Fixed Gain (Low Drift) In-Amps: AD8225
Vs +Vg

4000 40002

-IN al Q2 +IN
A1 UNITY- A2
T T 15kQ
] 3kQ ~ s
A3 Vour

3k st
GAIN-OF-5 -V,
DIFFERENCE AMPLIFIER 15k s
Vrer

ﬁmﬁs‘.’;x&t

Master programmes in English
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Monolithic In-Amps Optimized for
Single-Supply Operation: AD627

i e L

11
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MONOLITHIC DIFFERENCE AMPLIFIERS

Table 4-1. Latest G ion of Analog Devices Difference Amps Summarized'

Power |-3dB CMR | Input | Vos RTI

Supply | BW Offset | Drift | Noise?

Current | Typ Voltage | (uVFC) | (aVINFIzZ)
Product | Features Typ (G=10) Max  [Max |(G=10)
ADS202 [ S.5.,28V CMV, G =20 250 pA |50 kHz_ 1mv* |10 300 typ?
ADS203 | S.5.,28V CMV,G = 14 250 pA | 60 kHZ' 1mv* |10 300 typ’
ADS205 | S.S.,65V CMV, G =50 ImA [ 50KHZ mv® |150p 500 yp®
ADS206 | S.S.,65V CMV, G =20 ImA [ 100 kHZ 2mV¢ |150p |50 0p®
ADS210 | S.S., current shunt monitor 500 pA | 500 KHz* ImV |5up  [80wp
AD8212 | Adjustable gain; CMV up to 500V'® | 200 pA [ 500 kELz 1mv |10 100 typ
AD8213 | Dual channel L3mA" | 500 kHz 1mv_ |10 701y
ADSI30 | 270 MHz receiver 12mA [ 270 MHz 18mV [35mV [1250p2"
AD628 | High CMV L6mA | 600 kHz® 15mv |4 300 typ"*
AD620 | High CMV, G =1 09mA | 500 kHz v |6 550 typ'?
AD626 | High CMV. 15mA | 100 kHz 500 pV |1 250 typ
AMPO3 | High BW,G =1 35mA |3 MHz 400 uV | Ns 750 typ'?

AD8202
G=2
—(5) out
Re
Re

h

Wroctaw University of Technology

monolithic dif-amp, an example

bridge (subtractor) circuit

in Englis

T

N N filter can be
> O incorporated

100ke

:
(TRIMMED) b ®
Rews 3R ﬁ gain=2
% | | me <& -
e
RG{‘ Re | |Re ’_%:| AD8202

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

i s capAL

W Uity of gy
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current shunt monitor

IsHUNT
R1 R2 N i
Vs
AD8210 .
v usually Vec
1
ai Q2 REF

the output is
centered at VCC/2
VourWhen the

input signal is zero
usually GND

i s capAL
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rer A[T] 2460 AD629 | «unity-gain difference amplifier

380k common-mode input voltages of up to

[+vs 270 V.

«excellent CMR in the presence of high

common-mode input voltages

5|REFB «operate from a wide power supply
range of @2.5 V to @18 V.

380k

20k

i o caeaL

h
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monolithic, unity-gain, 3 MHz dif-amp

Master programm
a

basic analog building block for differential amplifier and instrumentation applications

AMPO3
25kQ 25k

-INGR) :

+N (3)

Analog Device
advertisement materials

13



*3 dB bandwidth of 270MHz,
*80dB CMR at 2MHz, and a 70
dB CMR at 10 MHz

GAIN (48)

«active feedback !!! — @
feedback do not affect the -
inputs :

g rooneem

10 00
FREQUENCY (MH2)
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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
*gain
g ronem

Measter p
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Application tips

*power supply bypassing, decoupling, and

stability issues
*input ground return

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

eproperly driving an in-amp’s reference input
*input protection from esd and dc overload

14
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Application tips

power supply bypassing, decoupling, and stability issues

GND
and
REFERENCE

capacitors that cover
wide frequency range

‘%g Wroctaw University of Technology

Application tips

input ground return

+

v
o y 0—? 1)
|_<| N —
-|No—|H— /_\_] o %n:ﬂ
L
S

IN-AMP Vour +IN o
R2

c2
+INo—|—+

-V,

SRouo

Measter programme:
Wroctaw University of Technology il

Application tips

center polarization of input and output

+Vg
c1
-INo—{}
Vem 3R1
=-\" o—4 Vour
c2 R2
i
HNo—} REFERENCE
f INPUT
VRer
(TYPICALLY Vg/2)

CiRi=GR,

for CMR (h.f) IR — 1R, = AU(,ﬁr
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monolithic, unity-gain, 3 MHz dif-amp

basic analog building block for differential amplifier and instrumentation applications

AMPO3

25kQ 25k
-IN(2) (5) SENSE i
-V, cc " rnecuinori
OUTPUT
Ve H
+N (3) (1) REFERENCE

Analog Device

advertisement materials

i s capAL
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Application tips

properly driving an in-amp’s reference input

____________________ Fo |
REFERENCE | EXTERNAL
INPUT Vol TaGe

PROBLEM: R2's RESISTANCE PORDEE:

REFERENCE
CADSES Chf ERFOR AND et REFEREN

'REFERENCE ERROR IS INTRODUCED!
'BYTHE SHUNTING OF R2 BY Rage
£2.

EXTERNAL
VOLTAGE
DIVIDER

i o caeaL
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Application tips

input protection from ESD and dc overload

+Vg +Vs

+Vg +Vg

additional external protection
2kQ 2kQ N N
-IN Q1 Q2 +IN with Schotky diodes
200k +Vs
0.
-V, Vg
1l

S -vs -Vs
6mA MAX INPUT CURRENT

internal protection

16
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Application tips
gain drift

G=1+Rl =100 . e cimatinnm i
R2 Different power dissipation in R1 and

—o R2 can cause gain drift even then
temperature coefficients of both
resistors are equal

R1=9.9k0, 1/4W

R2= 1k, 114W

g rooneem

Master programmes in English
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Application tips

gain and ofset drift

+ +
qr RESISTOR F
T MATERIAL T2 Error (voltage offset) is due

'/ \ + to temperature difference of
O—M—LQ resistor (or any other

\ f component) terminals.

TYPICAL RESISTOR THERMOCOUPLE EMFs

RESISTOR LEADS

+ CARBON COMPOSITION 400pVvrc
+ METAL FILM 20pvrc
+ EVENOHM OR MANGANIN

WIRE-WOUND 2pvre

+ RCD COMPONENTS HP-SERIES 0.05.V/°C

i o

S

Wroctaw University of Technology

Master programmes in English
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Application tips
RTl vs. RTO errors
Total Error, RTI = Input Error + (Output Error/Gain)
Total Error, RTO = (Gain * Input Error) + Output Error
T
VOLTAGE OFFSET (Total RTI Error = Vog + Voso/G)

Input Offset, Vosp Vs=1+5Vto£l15V 30 125
Over Temperature Vs=+5V1w015V 185
Average TC 0.3 1.0

Output Offset, Voso 400 1000

1500
Over Temperature 2000
Average TC Vs=+5Vto+l5V 5:0° 15
Offset Referred to the
Total Offset Error RTI = VOSI + (VOSO/G) = 30V + (400 uV/10) = 30 V +40V = 70 u V
Total Offset Error RTO = (G (VOSI )) + VOSO = (10 (30 uV)) + 400 uV = 700 u V
| =

17
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Application tipS = Noise Errors
 100nV/VHz
T 200nV/VHz
r, 41nV/VHz
o) T :ZGnV/\IHz
@) “Lanv/itz
1300V
= (130 + (2007 + (100) + 41 +(12E’:‘(Bﬁ7’+’(360  sdescas
(130 (130)
g e 1 Fe— ==

‘%@ Wroctaw University of Technology

LTC6241 low noise amplifier
Vg
A
12
SHOCK SENSOR LTC6241HY,
MURATA-ERIE -
PKGS-00LD 1Kk
TrO0pF
100Q 10k Vour
= 16 -
+ 1Kk
BIAS RESISTOR 12
VISHAY-TECHNO LTC6241HY,
CRHV2512AF1007G -
(OR EQUIVALENT) Vour = 110mVig
Ve V5=+1.4V10 55V
s BW = 0.2Hz to 10KHZ
1000 10k
i iy =5

in English

Measter programme:
Wroctaw University of Technology il

LTC6241 twice
better SNR

(neglecting source noise)

Linear Technology
advertisement materials

g rooneem

18



i s capAL

‘gggj Master programmes in English
Wroclaw University of Technology il T A
Practical RFI Filters
¥
AR FILTER oonE 1
S ¢ Bor = 27R(2C, +C,)
sOika 100F T s Gore 0 b
E e —
2
AD8220
ootF T %Rr. Apez2t Vour 1
a1 5
“0kn
3
el
100058 T
v 0.01pF

Master programmes in English
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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 Cla 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.

i o

Master programmes in English
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EMI protection result
/\ DC offset without EMI

protection is due to
RECTIFIKATION !!! of

\ /\ inpur RF signals.

AD8556 (ENHANCED PART FOR EMI)

l NON-EMI PROTECTED SOLUTION

8

DEVIATION FROM DC OUTPUT (mV)

[ 200 400 600 200 1000 1200
FREQUENCY (MHz)

Analog Device
advertisment materials

19
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oi6i veLame

FALTDIGOUT

Analog Device
advertisment materials

Master programmes in English
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R1A
4.02kQ2 1%
N

+IN

R1B
4.02kQ2 1%
X2Y capacitor

Analog Device
advertisement materials

i o caeaL
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By the way....
X and Y capacitors in EMI filter

X capacitor failure could 2Y capacitors failure could lead to
not lead to electric shock electric shock if the ground
(hot to neutral) connection were lost
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Common mode chock as emi filter

+Vs
0.01uF 033uF

PULSE
ENGINEERING

#B4001 COMMON-MODE
RF CHOKE

+IN +

o
Rg IN-AMP Vour
D_.I-""\I—
™ -
REF
0.01uF 0.33F

Vs

g rooneem
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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
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External CMRR trimming

Master programmes in Englis
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v ACCMRTRIM ¢y
INVERTING a j
N -O SENSE
COMMON-MODE Re 8—O oUuTPUT
INPUT SIGNAL 3 R TR
REF
Vingz RS L R4
NONINVERTING 112 ¢
INPUT 3

TIP: discrete design of an In-amp has usually better
performance (bandwidth and CMRR)
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IN-AMP AND DIFF AMP APPLICATIONS

CIRCUITS

In-Amp Circuit

%

— refl + vrq/'Z

V()CM - 2

TIP: this is very useful with
AD converter — V., can be
connected with U, of ADC
and V., with ADC ground so
0V of input is % value of ADC

VAN E

TIP:

Wroclaw University of Technology 4+ \n ol

h
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High voltage measurements

(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

g rooneem
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High voltage measurements
improopvemet

AD629
REF(-) 211k

380k0

TIP: one chip — one
temperature !
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Precision Current Source

2 6 R2
#) o—= 5 19.1kQ

{

Vin ¢ R1
VN B2 200k
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Extremely high CMRR

In-amp build of 3 In-amps

5HT

outa

MR (a8

0 106 ook
FREQUENCY (H2)
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T_ﬁ .xf

enrT T
" ss s
AD8221 ©9Rn  AD630AR
_ ReF Aws Vour @
cHe-
cour
A b S
0P 10uF R Bh SELA Vs Ry
T 006

v v

8 v
v
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Vour

R1
1k

GROUND INTERFERENCE

GND1 GND2
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High level (+-10V) to
single supply (5V) ADC
3.

AD628
+IN out
- >—
a )J v
g
R 3.32k0)
= 3133k AD7450
| SRR G
DRz [22bovy L
R2 i
+IN is
Va

INDUCTIVE
LOAD

sv
SO 3 outpuT
we] [l fouT]
BATTERY = 14V
AD8202

| B0 B

Common 3 Wemho coneer
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0ApF

Yy

CONTROLLER
f—t

IshunT

Rshunt

VRert  +Vs  OUT
AD8210

N GND Vg2 NC
|}

Vour = (swunr * Rsyunr) * 29

vs

AD8210

Vaget

NC = NO CONNECT
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low impedance bridge excitation

TO A/D CONVERTER
REFERENCE INPUT
3500
R1
200 7
- %02 o }g Aoszo 0
+
10k Q V Veer
Vs
sV e o
*REFERTO THE ANALOG DEVICES WEBSITE AT R2 Nt "
WWW.ANALOG.COM FOR THE LATEST OP AMP 200 01 F+ B TuF
o A i
PRODUCT NUMBERS AND SPECIFICATIONS. 0-Vs Vs I I _sv

i HUMAN CAPITAL er——
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ECG signals acquisition

INSTRUMENTATION G=150 LOW-PASS FIFTH-ORDER FILTER AT 157Hz
" AR 1iske sTeke ke ko 193ka  INF  dask  600F
+5) ! ik ? it
HIGH-PASS AT
& AD8220-  HEEA R AD8618 AD8618
10k * sV 25V [N LS
prem
1opF= SV AD8618
+5V 20,9k Lapss1s
257
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Driven Shield Inputs - example

v
0.1pF

B
Ve NA11S
[ vio—2
"
N 2 M =1r O
R, Re
/ ! 60k
putGuards =g o
See Text. = "
1
5
] " -
W W
[ vyo—8o R, R. o
\ ; o 00
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pH transducer

Solution
" Ground

S sample
Electrode
— Reference
Electrode.

g rooneem N ==
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Uniy

.
remote load driver
25k SENSE TWISTED
m fAIRi
REMOTE
LOAD
Ty
: TxC
OUTPUT
= GROUND
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+5V +5V 45V

2 3 Vger AVDD DVDD
4 A 1
470 20mA LINE ADuC812
TRANSOUGER | mpenince 47O 20mA 2490% Re$ | AD627 AINO-7 1000 CONVERTER™
N 8
3 3 AGND DGND

i s capAL

o Unersyofechosogy
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termocouple transducer

COLD JUNCTION +5V
COMPENSATION 0ARF

J-TYPE
THERMOCOUPLE

THERMOCOUPLE
WIRES COPPER
WIRES
ﬁ gl it i o [
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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 protection

*DC biasing

*thermal noise

esingle supply problems
*CMR trimming

GAWN R
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Test questions (an example):

* Draw two basic diagrams of a instrumentation
amplifiers ?

* Compare in-amp vs. op-amp

* What wrong with the circuit (in-amp with two
capacitor at the input) ? (fig.a) Yoo
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