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Objectifs pour aujourd’hui
•  Définir ce que c’est un amplificateur 

d’instrumentation
•  Voir des circuits typiques (qu’il faudra 

connaître)
•  S’initier au jargon
•  Faire un peu d’analyse de circuits…
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Prérequis
•  Techniques d’analyse des circuits
•  Avoir abordé l’exercice 1 du TD2
•  L’amplificateur opérationnel !
•  Les capteurs/circuits de conditionnement
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De quoi parle-t-on ?
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Capteur 1 Conditionneur Filtre

MUX
Capteur 2 Conditionneur Filtre

Capteur 3 Conditionneur Filtre

S&H

CAN

Calculateur

Alimentation
Amplificateur	d’instrumentation	

Un	type	bien	spécifique…	



Situation typique
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for high-density electronics integration. The third approach 
is to fabricate intrinsically soft conductors, which is a prom-
ising approach to realize all-soft and skin-like electronics.[35–37] 
Thereby, the use of liquid-phase conductors, such as gallium-
based liquid metal (eutectic gallium-indium alloy, EGaIn), 
could pave the path for all-soft electronics because of its nontox-
icity,[38–42] low melting temperature (MP < 15 °C),[40–42] favorable 
mechanical stretchability,[40–42] and electrical conductivity  
(σ = 3.4 × 106 S m−1).[40–42] A thin oxide layer (t ≈ 1–3 nm) formed 
on the EGaIn surface under atmospheric oxygen level allows 
EGaIn to be molded in elastomeric substrates.[43] As EGaIn is a 
liquid-phase conductor with a brittle oxide layer on its surface, the 
shape of a microchannel filled with EGaIn can be easily changed 
in response to mechanical deformation with a new oxide layer 
instantaneously being formed on the EGaIn surface, making it 
shape reconfigurable.[41–43] Thanks to the excellent properties of 
liquid metals, EGaIn-based strain[44,45] and pressure[45,46] sensors 
have been investigated. However, EGaIn patterning challenges, 
particularly regarding minimum feature sizes, size-scalability, 
uniformity, and residue-free surfaces, have limited the demon-
stration of highly integrated, all-soft sensing systems.[37–42]

To overcome these EGaIn patterning limitations and realize 
highly integrated all-soft microsystems, an advanced EGaIn 
thin-line patterning technique based on soft lithography has 
been investigated for size-scalable and high-density EGaIn-
based passive electronic components, circuits, and their vertical 
integration.[47–51] The advanced EGaIn fabrication technique 
consists of four basic steps: (i) selective chemical surface modi-

fication of a poly(dimethylsiloxane) (PDMS) mold, (ii) micro-
transfer molding of EGaIn, (iii) reverse stamping for residue 
transfer, and (iv) vertical interconnection using EGaIn-filled 
soft vias (Figure S1, Supporting Information). This fabrication 
process enables to pattern uniform and residue-free EGaIn 
lines from single micrometers to several millimeter line widths 
at room temperature and under ambient pressure.[50] Building 
on this work, this paper presents 3D-integrated and multifunc-
tional all-soft physical microsystems, composed of a soft sensor, 
a soft interconnector, and a soft readout circuit, based on EGaIn 
and PDMS. The aim of the research is to demonstrate integra-
tion and multifunctional sensing capabilities of all-soft physical 
microsystems based on the advanced EGaIn patterning tech-
nique and a 3D integration approach without the use of rigid 
components and circuit boards. Two types of 3D-integrated 
and all-soft physical microsystems are introduced: (i) a finger-
mountable strain-sensing microsystem with intrinsic tempera-
ture compensation and (ii) a fingertip microsystem for simulta-
neous proximity, touch, and pressure measurements.

2. Results and Discussion

2.1. Finger-Mountable Strain-Sensing Microsystem

Skin-mountable and wearable strain sensors provide fun-
damental information of human motions and gestures for 
human–machine interaction.[52,53] Figure 1a shows the sche-
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Figure 1. a) Schematic illustration of 3D-integrated and all-soft physical microsystem based on EGaIn (eutectic gallium-indium alloy) and PDMS 
(poly(dimethylsiloxane)), composed of soft readout Wheatstone bridge circuit, stress-relief layer with soft vias, and stretchable strain sensor; b) fabricated 
soft Wheatstone bridge circuit with three embedded resistors (R1–R3) in flat and bending conditions; c) fabricated stretchable strain sensor (Rsens) and 
measured relative resistance change as a function of the longitudinal strain, compared with an analytical model.

(pont	de	Wheatstone)	Exemple:	peau	électronique	(cité	en	CM1)	

•  ∆R4	petite	->	VAB	de	quelques	mV	
•  VA,VB	:	quelques	volts	
•  VAB	:	pas	mesurée	par	rapport	à	la	référence		

R1 R2

R3 R4

VAB EA B

R1 R2

R3 R4

VABA B Ia

Alimentation en tension Alimentation en courant

Figure 25. Ponts de Wheatstone, alimentation en tension ou en courant.

moitié du pont, explicitant VA et VB et ensuite :

VAB =
R2R3 � R1R4

R1 + R2 + R3 + R4
Ia (5.6)

Ces expressions sont complètement générales, mais dans les utilisations pratiques, on
différencie les situations selon le nombre d’éléments variables.

5.4.1. Un seul élément variable. Une seule des quatre résistances du pont constitue notre
capteur. On pose :

R2 = R0 + �R2(m) (5.7)
R1 = R3 = R4 = R0 (5.8)

Dans le cas d’une alimentation du pont en tension, en utilisant l’équation (5.5), on peut
trouver :

VAB =
�R2(m)

R0
· 1

1 +
�R2(m)

R0

· E

4
(5.9)

On observe que la tension VAB dépend de façon non linéaire de ce que l’on veut mesurer,
c’est à dire de �R2(m). Si en revanche �R2(m) ⌧ R0, on peut écrire :

VAB ⇡ �R2(m)

R0
· E

4
(5.10)

Avoir une réponse non linéaire n’est pas un défaut en soi, car on peut la prendre en compte
lors des calculs à la fin de la chaîne de mesure. Cependant, c’est un effet à prendre en
consideration. Pur une alimentation en courant, on peut écrire :

VAB = �R2(m) · 1

1 +
�R2(m)

4R0

· Ia

4
⇡ �R2

Ia

4
(5.11)

où, encore une fois, la linéarisation est justifiée seulement si �R2(m) ⌧ R0. On remarque
cependant que dans le cas d’alimentation en courant le terme non linéaire est deux fois moins
important que dans le cas de l’alimentation en tension, ce qui représente un certain avantage
pour la première.

5.5. Deux éléments variables. Nous avons maintenant :

R1 = R0 + �R1(m) (5.12)

R2 = R0 + �R2(m) (5.13)
R3 = R4 = R0 (5.14)

La tension de déséquilibre VAB est :
— alimentation en tension :

VAB =
�R2(m) � �R1(m)

R0
· 1

1 +
�R2(m)+�R1(m)

2R0

· E

4
(5.15)
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«	Référence	»	
VAB	:	tension	différentielle	



Déf : Ampli d’instrumentation
•  Ampli idéal :

–  Ampli différentiel
–  Gain Ad connu et 

réglable (≠AOP)
–  Impéd. entrée infinies
–  Impéd. sortie nulle
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Tension	différentielle	(differential)	
•  Souvent	petite	(qq.	mV)	
•  Contient	l’information	du	capteur	

Tension	de	mode	commun	(common	mode)	
•  Souvent	élevée	(qq.	V)	
•  Ne	contient	pas	d’information	

ATTENTION	:	d’autres	définitions	possibles	pour	Vd	!	

8
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:

Vd = Vi1 � Vi2

Vcm =
Vi1 + Vi2

2

Ref.	



Un défaut d’un ampli réel
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Taux	de	Réjection	du	Mode	Commun	(TRMC)	
Common	Mode	Rejection	Ration	(CMRR)	

(Trmc)dB = 20 log

����
Ad

Acm

����

Partie	utile	 Partie	problématique	

D’autres	choses	importantes	existent	:	
•  Bande	passante	
•  Offsets	
•  Bruits	
•  …	
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:

Vd = Vi1 � Vi2

Vcm =
Vi1 + Vi2

2



Ampli d’instru. à 1AOP

8	

R2

R1

R3

R4

Vo

Vi1

Vi2

Figure 3.4: Differential amplifier built using one operational amplifier.

some sort of a coordinates change:
(
Vd = Vi1 � Vi2

Vcm =
Vi1+Vi2

2

(3.6)

Vd is the differential mode (the signal carrying the information to be extracted) and Vcm

is the common mode. By inverting the relations, we obtain:
(
Vi1 = Vcm +

Vd
2

Vi2 = Vcm � Vd
2

. (3.7)

This yields expressions of Vi1 and Vi2 to be injected in equation (3.5) to obtain equa-
tion (3.8). It relates the output voltage (single ended) to the input differential and
common modes of the voltages:

Vo =
R1R4 �R2R3

R1(R3 +R4)
Vcm +

R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
Vd. (3.8)

In the expression (3.8) we recognise the contribution of the differential gain as well
as the common mode gain:

Acm =
R1R4 �R2R3

R1(R3 +R4)
, (3.9)

Ad =
R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
. (3.10)

If a perfect differential amplifier has to be built, resistances R1. . . R3 should be chosen
in such a way that the common mode gain is equal to zero. This can be achieved by
nulling the numerator of the expression (3.9), thus giving:

R4

R3

=
R2

R1

(3.11)

43

leading to a simple expression for the differential gain:

Ad =
R2

R1

. (3.12)

In practice, very often R1 = R3 and R2 = R4, yet perfectly achieving this condition is not
possible, because of the inevitable tolerance of the resistances (this takes into account
the effect of ageing and thermal drift). In practice, we know that every resistance has a
certain relative shift from its nominal value. We suppose that the following conditions
are verified (worst case scenario):

• The relative shift of the value of each resistance is equal to the tolerance r.

• The shifts are distributed in such a way that the common mode gain Acm is max-
imised: 8

>>><

>>>:

R1 = R1n(1 + r)

R3 = R1n(1� r)

R2 = R2n(1� r)

R4 = R2n(1 + r)

(3.13)

where R1n and R2n are the nominal values matching condition equation (3.11).

We obtain that the common mode gain is not zero, and it is proportional to the tolerance
r:

Acm =
4rR2n

R1n +R2n

. (3.14)

To calculate the common mode rejection ratio, we suppose that the differential gain
has not changed very much if r is small, yielding:

Cmrr = 20 log
10

Ad

Amc

⇡ 20 log
10

R1n +R2n

4rR1n

. (3.15)

In the worst case scenario, this means that by adopting r = 0.1% tolerance for the
resistances, by choosing a gain Ad = 100, we might expect that the common mode
rejection ratio is about 88 dB. This circuit has some defects:

• The input impedances are proportional to the values of the resistances. Very high
resistance values are however associated to noise and the resulting low currents
might be sensitive to stray capacitances, couplings. . .

• The gain can be modified, but the relation (3.11) should be respected. At least
two matched resistances should be varied at the same time to vary the differential
gain without disrupting the differential behaviour.

To solve the first problem, a second operational amplifier can be added, as discussed in
the next paragraph.
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C’est	le	exercice	1	du	TD2	
8
<

:

Vd = Vi1 � Vi2

Vcm =
Vi1 + Vi2

2
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Figure 3.4: Differential amplifier built using one operational amplifier.

some sort of a coordinates change:
(
Vd = Vi1 � Vi2

Vcm =
Vi1+Vi2

2

(3.6)

Vd is the differential mode (the signal carrying the information to be extracted) and Vcm

is the common mode. By inverting the relations, we obtain:
(
Vi1 = Vcm +

Vd
2

Vi2 = Vcm � Vd
2

. (3.7)

This yields expressions of Vi1 and Vi2 to be injected in equation (3.5) to obtain equa-
tion (3.8). It relates the output voltage (single ended) to the input differential and
common modes of the voltages:

Vo =
R1R4 �R2R3

R1(R3 +R4)
Vcm +

R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
Vd. (3.8)

In the expression (3.8) we recognise the contribution of the differential gain as well
as the common mode gain:

Acm =
R1R4 �R2R3

R1(R3 +R4)
, (3.9)

Ad =
R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
. (3.10)

If a perfect differential amplifier has to be built, resistances R1. . . R3 should be chosen
in such a way that the common mode gain is equal to zero. This can be achieved by
nulling the numerator of the expression (3.9), thus giving:

R4

R3

=
R2

R1

(3.11)
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leading to a simple expression for the differential gain:

Ad =
R2

R1

. (3.12)

In practice, very often R1 = R3 and R2 = R4, yet perfectly achieving this condition is not
possible, because of the inevitable tolerance of the resistances (this takes into account
the effect of ageing and thermal drift). In practice, we know that every resistance has a
certain relative shift from its nominal value. We suppose that the following conditions
are verified (worst case scenario):

• The relative shift of the value of each resistance is equal to the tolerance r.

• The shifts are distributed in such a way that the common mode gain Acm is max-
imised: 8

>>><

>>>:

R1 = R1n(1 + r)

R3 = R1n(1� r)

R2 = R2n(1� r)

R4 = R2n(1 + r)

(3.13)

where R1n and R2n are the nominal values matching condition equation (3.11).

We obtain that the common mode gain is not zero, and it is proportional to the tolerance
r:

Acm =
4rR2n

R1n +R2n

. (3.14)

To calculate the common mode rejection ratio, we suppose that the differential gain
has not changed very much if r is small, yielding:

Cmrr = 20 log
10

Ad

Amc

⇡ 20 log
10

R1n +R2n

4rR1n

. (3.15)

In the worst case scenario, this means that by adopting r = 0.1% tolerance for the
resistances, by choosing a gain Ad = 100, we might expect that the common mode
rejection ratio is about 88 dB. This circuit has some defects:

• The input impedances are proportional to the values of the resistances. Very high
resistance values are however associated to noise and the resulting low currents
might be sensitive to stray capacitances, couplings. . .

• The gain can be modified, but the relation (3.11) should be respected. At least
two matched resistances should be varied at the same time to vary the differential
gain without disrupting the differential behaviour.

To solve the first problem, a second operational amplifier can be added, as discussed in
the next paragraph.
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Ampli	diff.	parfait	si	

MAIS	résistances	avec	tolérance	r	(par	exemple	0,1%)	

Acm = 0, Ad =
R2

R1
(Trmc)dB ! +1

R2

R1

R3

R4

Vo

Vi1

Vi2

Figure 3.4: Differential amplifier built using one operational amplifier.

some sort of a coordinates change:
(
Vd = Vi1 � Vi2

Vcm =
Vi1+Vi2

2

(3.6)

Vd is the differential mode (the signal carrying the information to be extracted) and Vcm

is the common mode. By inverting the relations, we obtain:
(
Vi1 = Vcm +

Vd
2

Vi2 = Vcm � Vd
2

. (3.7)

This yields expressions of Vi1 and Vi2 to be injected in equation (3.5) to obtain equa-
tion (3.8). It relates the output voltage (single ended) to the input differential and
common modes of the voltages:

Vo =
R1R4 �R2R3

R1(R3 +R4)
Vcm +

R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
Vd. (3.8)

In the expression (3.8) we recognise the contribution of the differential gain as well
as the common mode gain:

Acm =
R1R4 �R2R3

R1(R3 +R4)
, (3.9)

Ad =
R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
. (3.10)

If a perfect differential amplifier has to be built, resistances R1. . . R3 should be chosen
in such a way that the common mode gain is equal to zero. This can be achieved by
nulling the numerator of the expression (3.9), thus giving:

R4

R3

=
R2

R1

(3.11)
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leading to a simple expression for the differential gain:

Ad =
R2

R1

. (3.12)

In practice, very often R1 = R3 and R2 = R4, yet perfectly achieving this condition is not
possible, because of the inevitable tolerance of the resistances (this takes into account
the effect of ageing and thermal drift). In practice, we know that every resistance has a
certain relative shift from its nominal value. We suppose that the following conditions
are verified (worst case scenario):

• The relative shift of the value of each resistance is equal to the tolerance r.

• The shifts are distributed in such a way that the common mode gain Acm is max-
imised: 8

>>><

>>>:

R1 = R1n(1 + r)

R3 = R1n(1� r)

R2 = R2n(1� r)

R4 = R2n(1 + r)

(3.13)

where R1n and R2n are the nominal values matching condition equation (3.11).

We obtain that the common mode gain is not zero, and it is proportional to the tolerance
r:

Acm =
4rR2n

R1n +R2n

. (3.14)

To calculate the common mode rejection ratio, we suppose that the differential gain
has not changed very much if r is small, yielding:

Cmrr = 20 log
10

Ad

Amc

⇡ 20 log
10

R1n +R2n

4rR1n

. (3.15)

In the worst case scenario, this means that by adopting r = 0.1% tolerance for the
resistances, by choosing a gain Ad = 100, we might expect that the common mode
rejection ratio is about 88 dB. This circuit has some defects:

• The input impedances are proportional to the values of the resistances. Very high
resistance values are however associated to noise and the resulting low currents
might be sensitive to stray capacitances, couplings. . .

• The gain can be modified, but the relation (3.11) should be respected. At least
two matched resistances should be varied at the same time to vary the differential
gain without disrupting the differential behaviour.

To solve the first problem, a second operational amplifier can be added, as discussed in
the next paragraph.

44

Pire	
des	
cas	

(Trmc)dB ⇡ 20 log
R1n +R2n

4rR1n

A.N.		Pour	R2/R1=100	->	(Trmc)dB	=	88dB	



Caractéristiques…
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Figure 3.4: Differential amplifier built using one operational amplifier.

some sort of a coordinates change:
(
Vd = Vi1 � Vi2

Vcm =
Vi1+Vi2

2

(3.6)

Vd is the differential mode (the signal carrying the information to be extracted) and Vcm

is the common mode. By inverting the relations, we obtain:
(
Vi1 = Vcm +

Vd
2

Vi2 = Vcm � Vd
2

. (3.7)

This yields expressions of Vi1 and Vi2 to be injected in equation (3.5) to obtain equa-
tion (3.8). It relates the output voltage (single ended) to the input differential and
common modes of the voltages:

Vo =
R1R4 �R2R3

R1(R3 +R4)
Vcm +

R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
Vd. (3.8)

In the expression (3.8) we recognise the contribution of the differential gain as well
as the common mode gain:

Acm =
R1R4 �R2R3

R1(R3 +R4)
, (3.9)

Ad =
R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
. (3.10)

If a perfect differential amplifier has to be built, resistances R1. . . R3 should be chosen
in such a way that the common mode gain is equal to zero. This can be achieved by
nulling the numerator of the expression (3.9), thus giving:

R4

R3

=
R2

R1

(3.11)

43

leading to a simple expression for the differential gain:

Ad =
R2

R1

. (3.12)

In practice, very often R1 = R3 and R2 = R4, yet perfectly achieving this condition is not
possible, because of the inevitable tolerance of the resistances (this takes into account
the effect of ageing and thermal drift). In practice, we know that every resistance has a
certain relative shift from its nominal value. We suppose that the following conditions
are verified (worst case scenario):

• The relative shift of the value of each resistance is equal to the tolerance r.

• The shifts are distributed in such a way that the common mode gain Acm is max-
imised: 8

>>><

>>>:

R1 = R1n(1 + r)

R3 = R1n(1� r)

R2 = R2n(1� r)

R4 = R2n(1 + r)

(3.13)

where R1n and R2n are the nominal values matching condition equation (3.11).

We obtain that the common mode gain is not zero, and it is proportional to the tolerance
r:

Acm =
4rR2n

R1n +R2n

. (3.14)

To calculate the common mode rejection ratio, we suppose that the differential gain
has not changed very much if r is small, yielding:

Cmrr = 20 log
10

Ad

Amc

⇡ 20 log
10

R1n +R2n

4rR1n

. (3.15)

In the worst case scenario, this means that by adopting r = 0.1% tolerance for the
resistances, by choosing a gain Ad = 100, we might expect that the common mode
rejection ratio is about 88 dB. This circuit has some defects:

• The input impedances are proportional to the values of the resistances. Very high
resistance values are however associated to noise and the resulting low currents
might be sensitive to stray capacitances, couplings. . .

• The gain can be modified, but the relation (3.11) should be respected. At least
two matched resistances should be varied at the same time to vary the differential
gain without disrupting the differential behaviour.

To solve the first problem, a second operational amplifier can be added, as discussed in
the next paragraph.
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•  Ampli	différentiel	?	
•  Gain	Ad	connu	et	réglable	?	
•  Impéd.	entrée	infinies	?	
•  Impéd.	sortie	nulle	?	
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Figure 3.4: Differential amplifier built using one operational amplifier.

some sort of a coordinates change:
(
Vd = Vi1 � Vi2

Vcm =
Vi1+Vi2

2

(3.6)

Vd is the differential mode (the signal carrying the information to be extracted) and Vcm

is the common mode. By inverting the relations, we obtain:
(
Vi1 = Vcm +

Vd
2

Vi2 = Vcm � Vd
2

. (3.7)

This yields expressions of Vi1 and Vi2 to be injected in equation (3.5) to obtain equa-
tion (3.8). It relates the output voltage (single ended) to the input differential and
common modes of the voltages:

Vo =
R1R4 �R2R3

R1(R3 +R4)
Vcm +

R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
Vd. (3.8)

In the expression (3.8) we recognise the contribution of the differential gain as well
as the common mode gain:

Acm =
R1R4 �R2R3

R1(R3 +R4)
, (3.9)

Ad =
R1 +R2

2R1

✓
R4

R3 +R4

+
R2

R1 +R2

◆
. (3.10)

If a perfect differential amplifier has to be built, resistances R1. . . R3 should be chosen
in such a way that the common mode gain is equal to zero. This can be achieved by
nulling the numerator of the expression (3.9), thus giving:

R4

R3

=
R2

R1

(3.11)

43

leading to a simple expression for the differential gain:

Ad =
R2

R1

. (3.12)

In practice, very often R1 = R3 and R2 = R4, yet perfectly achieving this condition is not
possible, because of the inevitable tolerance of the resistances (this takes into account
the effect of ageing and thermal drift). In practice, we know that every resistance has a
certain relative shift from its nominal value. We suppose that the following conditions
are verified (worst case scenario):

• The relative shift of the value of each resistance is equal to the tolerance r.

• The shifts are distributed in such a way that the common mode gain Acm is max-
imised: 8

>>><

>>>:

R1 = R1n(1 + r)

R3 = R1n(1� r)

R2 = R2n(1� r)

R4 = R2n(1 + r)

(3.13)

where R1n and R2n are the nominal values matching condition equation (3.11).

We obtain that the common mode gain is not zero, and it is proportional to the tolerance
r:

Acm =
4rR2n

R1n +R2n

. (3.14)

To calculate the common mode rejection ratio, we suppose that the differential gain
has not changed very much if r is small, yielding:

Cmrr = 20 log
10

Ad

Amc

⇡ 20 log
10

R1n +R2n

4rR1n

. (3.15)

In the worst case scenario, this means that by adopting r = 0.1% tolerance for the
resistances, by choosing a gain Ad = 100, we might expect that the common mode
rejection ratio is about 88 dB. This circuit has some defects:

• The input impedances are proportional to the values of the resistances. Very high
resistance values are however associated to noise and the resulting low currents
might be sensitive to stray capacitances, couplings. . .

• The gain can be modified, but the relation (3.11) should be respected. At least
two matched resistances should be varied at the same time to vary the differential
gain without disrupting the differential behaviour.

To solve the first problem, a second operational amplifier can be added, as discussed in
the next paragraph.
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Figure 3.5: Differential amplifier built using two operational amplifiers.

3.4.3 Differential amplifier with two operational amplifiers

A useful way to vastly increase input impedances is to exploit the excellent input char-
acteristics of operational amplifiers. The circuit shown in figure 3.5 solves the first issue
seen at the end of paragraph 3.4.2, namely the low input impedances. In the circuit,
the two inputs are directly connected to the inputs of the operational amplifiers. For
this reason, once the correct biasing of the operational amplifiers is assured, inputs are
extremely high impedance.

Analysing the circuit in the way described in paragraph 3.4.2, we calculate the dif-
ferential gain, as well as the common mode gain:

8
<

:
Ad =

1

2

h
1 +

R4
R3

⇣
2 +

R2
R1

⌘i

Acm =

h
R4+R3

R3
� R4

R3

⇣
1 +

R2
R1

⌘i
.

(3.16)

Nulling the latter, we obtain the balance condition of resistances R1. . . R4 to be re-
spected:

R1

R2

=
R4

R3

(3.17)

thus yielding a simplified expression for the differential gain when the amplifier is purely
differential:

Ad = 1 +
R1

R2

(3.18)

At a first sight, it might seem that this circuit is unable to solve the second problem
described in the previous paragraph, i.e. the fact that it might not be easy to change the
gain by modifying two matched resistances at the same time. In reality, a solution exists
connecting a fifth resistor Rg, adjustable, which allows to trim the gain without bothering
with two matched devices, as shown in figure 3.6. In this case, the ratio described by
equation (3.17) must be respected, but the differential gain can be written as follows:

Ad = 1 + 2
R1

Rg

+
R1

R2

(3.19)
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Figure 3.6: Differential amplifier with variable gain.

If the two issues of the differential amplifier discussed in paragraph 3.4.2 have been
successfully addressed, this circuit still has a more subtile flaw. In fact, the signal
paths are not symmetrical: the signal entering from Vi1 passes through two operational
amplifiers, whereas the signal entering from Vi1 just have to pass through one. When the
limitations of the operational amplifiers begin to play an important role (for example,
when the frequency is relatively high), the asymmetry decreases performances and in
particular the common mode rejection ratio of the circuit.

3.4.4 Differential amplifier with three operational amplifiers

The circuit shown in figure 3.7 is a more complex differential amplifier. It is quite
commonly used in instrumentation chains and for this reason, when people say “instru-
mentation amplifier”, they are often referring to this particular circuit. To understand
its behaviour, we split it in two sub-circuits:

• An input stage, which has a differential input and a differential output, meant to
boost the differential mode, while leaving untouched the common mode.

• A differential amplifier, to provide a single ended output related to the input dif-
ferential mode.

The second stage is in fact the circuit discussed in paragraph 3.4.2, so we analyse now
the input stage as shown in figure 3.8, which is perfectly symmetrical if R1 = R

0
1
.

If we suppose that the operational amplifiers are ideal, rule 2 seen in paragraph 3.2.2
states that the voltages at the nodes A and B are equal respectively to Vi2 and Vi1. By
supposing for a moment that Vo1 and Vo2 are known, we apply the Millman theorem:

8
>><

>>:

node A:
Vo2
R1

+
Vi1
Rg

1
R1

+
1

Rg

= Vi2

node B:
Vi2
Rg

+
Vo1
R0
1

1
Rg

+
1

R0
1

= Vi1

(3.20)
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Figure 3.5: Differential amplifier built using two operational amplifiers.

3.4.3 Differential amplifier with two operational amplifiers

A useful way to vastly increase input impedances is to exploit the excellent input char-
acteristics of operational amplifiers. The circuit shown in figure 3.5 solves the first issue
seen at the end of paragraph 3.4.2, namely the low input impedances. In the circuit,
the two inputs are directly connected to the inputs of the operational amplifiers. For
this reason, once the correct biasing of the operational amplifiers is assured, inputs are
extremely high impedance.

Analysing the circuit in the way described in paragraph 3.4.2, we calculate the dif-
ferential gain, as well as the common mode gain:

8
<

:
Ad =

1

2

h
1 +

R4
R3

⇣
2 +

R2
R1

⌘i

Acm =

h
R4+R3

R3
� R4

R3

⇣
1 +

R2
R1

⌘i
.

(3.16)

Nulling the latter, we obtain the balance condition of resistances R1. . . R4 to be re-
spected:

R1

R2

=
R4

R3

(3.17)

thus yielding a simplified expression for the differential gain when the amplifier is purely
differential:

Ad = 1 +
R1

R2

(3.18)

At a first sight, it might seem that this circuit is unable to solve the second problem
described in the previous paragraph, i.e. the fact that it might not be easy to change the
gain by modifying two matched resistances at the same time. In reality, a solution exists
connecting a fifth resistor Rg, adjustable, which allows to trim the gain without bothering
with two matched devices, as shown in figure 3.6. In this case, the ratio described by
equation (3.17) must be respected, but the differential gain can be written as follows:

Ad = 1 + 2
R1

Rg

+
R1

R2

(3.19)
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Figure 3.6: Differential amplifier with variable gain.

If the two issues of the differential amplifier discussed in paragraph 3.4.2 have been
successfully addressed, this circuit still has a more subtile flaw. In fact, the signal
paths are not symmetrical: the signal entering from Vi1 passes through two operational
amplifiers, whereas the signal entering from Vi1 just have to pass through one. When the
limitations of the operational amplifiers begin to play an important role (for example,
when the frequency is relatively high), the asymmetry decreases performances and in
particular the common mode rejection ratio of the circuit.

3.4.4 Differential amplifier with three operational amplifiers

The circuit shown in figure 3.7 is a more complex differential amplifier. It is quite
commonly used in instrumentation chains and for this reason, when people say “instru-
mentation amplifier”, they are often referring to this particular circuit. To understand
its behaviour, we split it in two sub-circuits:

• An input stage, which has a differential input and a differential output, meant to
boost the differential mode, while leaving untouched the common mode.

• A differential amplifier, to provide a single ended output related to the input dif-
ferential mode.

The second stage is in fact the circuit discussed in paragraph 3.4.2, so we analyse now
the input stage as shown in figure 3.8, which is perfectly symmetrical if R1 = R

0
1
.

If we suppose that the operational amplifiers are ideal, rule 2 seen in paragraph 3.2.2
states that the voltages at the nodes A and B are equal respectively to Vi2 and Vi1. By
supposing for a moment that Vo1 and Vo2 are known, we apply the Millman theorem:
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>>:

node A:
Vo2
R1

+
Vi1
Rg

1
R1

+
1

Rg

= Vi2

node B:
Vi2
Rg

+
Vo1
R0
1

1
Rg

+
1

R0
1

= Vi1
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3.4.3 Differential amplifier with two operational amplifiers

A useful way to vastly increase input impedances is to exploit the excellent input char-
acteristics of operational amplifiers. The circuit shown in figure 3.5 solves the first issue
seen at the end of paragraph 3.4.2, namely the low input impedances. In the circuit,
the two inputs are directly connected to the inputs of the operational amplifiers. For
this reason, once the correct biasing of the operational amplifiers is assured, inputs are
extremely high impedance.

Analysing the circuit in the way described in paragraph 3.4.2, we calculate the dif-
ferential gain, as well as the common mode gain:

8
<

:
Ad =

1

2

h
1 +

R4
R3

⇣
2 +

R2
R1

⌘i

Acm =

h
R4+R3

R3
� R4

R3

⇣
1 +

R2
R1

⌘i
.

(3.16)

Nulling the latter, we obtain the balance condition of resistances R1. . . R4 to be re-
spected:

R1

R2

=
R4

R3

(3.17)

thus yielding a simplified expression for the differential gain when the amplifier is purely
differential:

Ad = 1 +
R1

R2

(3.18)

At a first sight, it might seem that this circuit is unable to solve the second problem
described in the previous paragraph, i.e. the fact that it might not be easy to change the
gain by modifying two matched resistances at the same time. In reality, a solution exists
connecting a fifth resistor Rg, adjustable, which allows to trim the gain without bothering
with two matched devices, as shown in figure 3.6. In this case, the ratio described by
equation (3.17) must be respected, but the differential gain can be written as follows:

Ad = 1 + 2
R1

Rg

+
R1

R2

(3.19)
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Figure 3.6: Differential amplifier with variable gain.

If the two issues of the differential amplifier discussed in paragraph 3.4.2 have been
successfully addressed, this circuit still has a more subtile flaw. In fact, the signal
paths are not symmetrical: the signal entering from Vi1 passes through two operational
amplifiers, whereas the signal entering from Vi1 just have to pass through one. When the
limitations of the operational amplifiers begin to play an important role (for example,
when the frequency is relatively high), the asymmetry decreases performances and in
particular the common mode rejection ratio of the circuit.

3.4.4 Differential amplifier with three operational amplifiers

The circuit shown in figure 3.7 is a more complex differential amplifier. It is quite
commonly used in instrumentation chains and for this reason, when people say “instru-
mentation amplifier”, they are often referring to this particular circuit. To understand
its behaviour, we split it in two sub-circuits:

• An input stage, which has a differential input and a differential output, meant to
boost the differential mode, while leaving untouched the common mode.

• A differential amplifier, to provide a single ended output related to the input dif-
ferential mode.

The second stage is in fact the circuit discussed in paragraph 3.4.2, so we analyse now
the input stage as shown in figure 3.8, which is perfectly symmetrical if R1 = R

0
1
.

If we suppose that the operational amplifiers are ideal, rule 2 seen in paragraph 3.2.2
states that the voltages at the nodes A and B are equal respectively to Vi2 and Vi1. By
supposing for a moment that Vo1 and Vo2 are known, we apply the Millman theorem:
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>>:

node A:
Vo2
R1

+
Vi1
Rg

1
R1

+
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Rg
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node B:
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Rg

+
Vo1
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1

1
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+
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R0
1

= Vi1
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3.4.3 Differential amplifier with two operational amplifiers

A useful way to vastly increase input impedances is to exploit the excellent input char-
acteristics of operational amplifiers. The circuit shown in figure 3.5 solves the first issue
seen at the end of paragraph 3.4.2, namely the low input impedances. In the circuit,
the two inputs are directly connected to the inputs of the operational amplifiers. For
this reason, once the correct biasing of the operational amplifiers is assured, inputs are
extremely high impedance.

Analysing the circuit in the way described in paragraph 3.4.2, we calculate the dif-
ferential gain, as well as the common mode gain:

8
<

:
Ad =

1

2

h
1 +

R4
R3

⇣
2 +

R2
R1

⌘i

Acm =

h
R4+R3

R3
� R4

R3

⇣
1 +

R2
R1

⌘i
.

(3.16)

Nulling the latter, we obtain the balance condition of resistances R1. . . R4 to be re-
spected:

R1

R2

=
R4

R3

(3.17)

thus yielding a simplified expression for the differential gain when the amplifier is purely
differential:

Ad = 1 +
R1

R2

(3.18)

At a first sight, it might seem that this circuit is unable to solve the second problem
described in the previous paragraph, i.e. the fact that it might not be easy to change the
gain by modifying two matched resistances at the same time. In reality, a solution exists
connecting a fifth resistor Rg, adjustable, which allows to trim the gain without bothering
with two matched devices, as shown in figure 3.6. In this case, the ratio described by
equation (3.17) must be respected, but the differential gain can be written as follows:

Ad = 1 + 2
R1

Rg

+
R1

R2

(3.19)
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Figure 3.6: Differential amplifier with variable gain.

If the two issues of the differential amplifier discussed in paragraph 3.4.2 have been
successfully addressed, this circuit still has a more subtile flaw. In fact, the signal
paths are not symmetrical: the signal entering from Vi1 passes through two operational
amplifiers, whereas the signal entering from Vi1 just have to pass through one. When the
limitations of the operational amplifiers begin to play an important role (for example,
when the frequency is relatively high), the asymmetry decreases performances and in
particular the common mode rejection ratio of the circuit.

3.4.4 Differential amplifier with three operational amplifiers

The circuit shown in figure 3.7 is a more complex differential amplifier. It is quite
commonly used in instrumentation chains and for this reason, when people say “instru-
mentation amplifier”, they are often referring to this particular circuit. To understand
its behaviour, we split it in two sub-circuits:

• An input stage, which has a differential input and a differential output, meant to
boost the differential mode, while leaving untouched the common mode.

• A differential amplifier, to provide a single ended output related to the input dif-
ferential mode.

The second stage is in fact the circuit discussed in paragraph 3.4.2, so we analyse now
the input stage as shown in figure 3.8, which is perfectly symmetrical if R1 = R

0
1
.

If we suppose that the operational amplifiers are ideal, rule 2 seen in paragraph 3.2.2
states that the voltages at the nodes A and B are equal respectively to Vi2 and Vi1. By
supposing for a moment that Vo1 and Vo2 are known, we apply the Millman theorem:
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1
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= Vi2
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(3.20)
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Figure 3.5: Differential amplifier built using two operational amplifiers.

3.4.3 Differential amplifier with two operational amplifiers

A useful way to vastly increase input impedances is to exploit the excellent input char-
acteristics of operational amplifiers. The circuit shown in figure 3.5 solves the first issue
seen at the end of paragraph 3.4.2, namely the low input impedances. In the circuit,
the two inputs are directly connected to the inputs of the operational amplifiers. For
this reason, once the correct biasing of the operational amplifiers is assured, inputs are
extremely high impedance.

Analysing the circuit in the way described in paragraph 3.4.2, we calculate the dif-
ferential gain, as well as the common mode gain:
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(3.16)

Nulling the latter, we obtain the balance condition of resistances R1. . . R4 to be re-
spected:

R1

R2

=
R4

R3

(3.17)

thus yielding a simplified expression for the differential gain when the amplifier is purely
differential:

Ad = 1 +
R1

R2

(3.18)

At a first sight, it might seem that this circuit is unable to solve the second problem
described in the previous paragraph, i.e. the fact that it might not be easy to change the
gain by modifying two matched resistances at the same time. In reality, a solution exists
connecting a fifth resistor Rg, adjustable, which allows to trim the gain without bothering
with two matched devices, as shown in figure 3.6. In this case, the ratio described by
equation (3.17) must be respected, but the differential gain can be written as follows:

Ad = 1 + 2
R1

Rg

+
R1

R2

(3.19)
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Figure 3.6: Differential amplifier with variable gain.

If the two issues of the differential amplifier discussed in paragraph 3.4.2 have been
successfully addressed, this circuit still has a more subtile flaw. In fact, the signal
paths are not symmetrical: the signal entering from Vi1 passes through two operational
amplifiers, whereas the signal entering from Vi1 just have to pass through one. When the
limitations of the operational amplifiers begin to play an important role (for example,
when the frequency is relatively high), the asymmetry decreases performances and in
particular the common mode rejection ratio of the circuit.

3.4.4 Differential amplifier with three operational amplifiers

The circuit shown in figure 3.7 is a more complex differential amplifier. It is quite
commonly used in instrumentation chains and for this reason, when people say “instru-
mentation amplifier”, they are often referring to this particular circuit. To understand
its behaviour, we split it in two sub-circuits:

• An input stage, which has a differential input and a differential output, meant to
boost the differential mode, while leaving untouched the common mode.

• A differential amplifier, to provide a single ended output related to the input dif-
ferential mode.

The second stage is in fact the circuit discussed in paragraph 3.4.2, so we analyse now
the input stage as shown in figure 3.8, which is perfectly symmetrical if R1 = R

0
1
.

If we suppose that the operational amplifiers are ideal, rule 2 seen in paragraph 3.2.2
states that the voltages at the nodes A and B are equal respectively to Vi2 and Vi1. By
supposing for a moment that Vo1 and Vo2 are known, we apply the Millman theorem:
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3.4.3 Differential amplifier with two operational amplifiers

A useful way to vastly increase input impedances is to exploit the excellent input char-
acteristics of operational amplifiers. The circuit shown in figure 3.5 solves the first issue
seen at the end of paragraph 3.4.2, namely the low input impedances. In the circuit,
the two inputs are directly connected to the inputs of the operational amplifiers. For
this reason, once the correct biasing of the operational amplifiers is assured, inputs are
extremely high impedance.

Analysing the circuit in the way described in paragraph 3.4.2, we calculate the dif-
ferential gain, as well as the common mode gain:
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(3.16)

Nulling the latter, we obtain the balance condition of resistances R1. . . R4 to be re-
spected:

R1

R2

=
R4

R3

(3.17)

thus yielding a simplified expression for the differential gain when the amplifier is purely
differential:

Ad = 1 +
R1

R2

(3.18)

At a first sight, it might seem that this circuit is unable to solve the second problem
described in the previous paragraph, i.e. the fact that it might not be easy to change the
gain by modifying two matched resistances at the same time. In reality, a solution exists
connecting a fifth resistor Rg, adjustable, which allows to trim the gain without bothering
with two matched devices, as shown in figure 3.6. In this case, the ratio described by
equation (3.17) must be respected, but the differential gain can be written as follows:

Ad = 1 + 2
R1

Rg

+
R1

R2

(3.19)
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Figure 3.6: Differential amplifier with variable gain.

If the two issues of the differential amplifier discussed in paragraph 3.4.2 have been
successfully addressed, this circuit still has a more subtile flaw. In fact, the signal
paths are not symmetrical: the signal entering from Vi1 passes through two operational
amplifiers, whereas the signal entering from Vi1 just have to pass through one. When the
limitations of the operational amplifiers begin to play an important role (for example,
when the frequency is relatively high), the asymmetry decreases performances and in
particular the common mode rejection ratio of the circuit.

3.4.4 Differential amplifier with three operational amplifiers

The circuit shown in figure 3.7 is a more complex differential amplifier. It is quite
commonly used in instrumentation chains and for this reason, when people say “instru-
mentation amplifier”, they are often referring to this particular circuit. To understand
its behaviour, we split it in two sub-circuits:

• An input stage, which has a differential input and a differential output, meant to
boost the differential mode, while leaving untouched the common mode.

• A differential amplifier, to provide a single ended output related to the input dif-
ferential mode.

The second stage is in fact the circuit discussed in paragraph 3.4.2, so we analyse now
the input stage as shown in figure 3.8, which is perfectly symmetrical if R1 = R

0
1
.

If we suppose that the operational amplifiers are ideal, rule 2 seen in paragraph 3.2.2
states that the voltages at the nodes A and B are equal respectively to Vi2 and Vi1. By
supposing for a moment that Vo1 and Vo2 are known, we apply the Millman theorem:
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3.4.3 Differential amplifier with two operational amplifiers

A useful way to vastly increase input impedances is to exploit the excellent input char-
acteristics of operational amplifiers. The circuit shown in figure 3.5 solves the first issue
seen at the end of paragraph 3.4.2, namely the low input impedances. In the circuit,
the two inputs are directly connected to the inputs of the operational amplifiers. For
this reason, once the correct biasing of the operational amplifiers is assured, inputs are
extremely high impedance.

Analysing the circuit in the way described in paragraph 3.4.2, we calculate the dif-
ferential gain, as well as the common mode gain:
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Nulling the latter, we obtain the balance condition of resistances R1. . . R4 to be re-
spected:

R1

R2

=
R4

R3

(3.17)

thus yielding a simplified expression for the differential gain when the amplifier is purely
differential:

Ad = 1 +
R1

R2

(3.18)

At a first sight, it might seem that this circuit is unable to solve the second problem
described in the previous paragraph, i.e. the fact that it might not be easy to change the
gain by modifying two matched resistances at the same time. In reality, a solution exists
connecting a fifth resistor Rg, adjustable, which allows to trim the gain without bothering
with two matched devices, as shown in figure 3.6. In this case, the ratio described by
equation (3.17) must be respected, but the differential gain can be written as follows:

Ad = 1 + 2
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Figure 3.6: Differential amplifier with variable gain.

If the two issues of the differential amplifier discussed in paragraph 3.4.2 have been
successfully addressed, this circuit still has a more subtile flaw. In fact, the signal
paths are not symmetrical: the signal entering from Vi1 passes through two operational
amplifiers, whereas the signal entering from Vi1 just have to pass through one. When the
limitations of the operational amplifiers begin to play an important role (for example,
when the frequency is relatively high), the asymmetry decreases performances and in
particular the common mode rejection ratio of the circuit.

3.4.4 Differential amplifier with three operational amplifiers

The circuit shown in figure 3.7 is a more complex differential amplifier. It is quite
commonly used in instrumentation chains and for this reason, when people say “instru-
mentation amplifier”, they are often referring to this particular circuit. To understand
its behaviour, we split it in two sub-circuits:

• An input stage, which has a differential input and a differential output, meant to
boost the differential mode, while leaving untouched the common mode.

• A differential amplifier, to provide a single ended output related to the input dif-
ferential mode.

The second stage is in fact the circuit discussed in paragraph 3.4.2, so we analyse now
the input stage as shown in figure 3.8, which is perfectly symmetrical if R1 = R

0
1
.

If we suppose that the operational amplifiers are ideal, rule 2 seen in paragraph 3.2.2
states that the voltages at the nodes A and B are equal respectively to Vi2 and Vi1. By
supposing for a moment that Vo1 and Vo2 are known, we apply the Millman theorem:

8
>><

>>:

node A:
Vo2
R1

+
Vi1
Rg

1
R1

+
1

Rg

= Vi2

node B:
Vi2
Rg

+
Vo1
R0
1

1
Rg

+
1

R0
1

= Vi1

(3.20)
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By rearranging terms, we get:
(
Vo1 =

Rg+R0
1

Rg
Vi1 � R0

1
Rg
Vi2

Vo2 =
Rg+R1

Rg
Vi2 � R1

Rg
Vi1.

(3.21)

Similarly to what done for the input signals with equations (3.6) and (3.7), we define
differential and common mode voltages for the two outputs Vo1 and Vo1:

(
V

0
d
= Vo1 � Vo2

V
0
cm

=
Vo1+Vo2

2
.

(3.22)

However, inevitable tolerances make sort that R1 and R
0
1

are not identical. We consider
the worst case scenario, as follows:

(
R1 = R1n(1 + r)

R
0
1
= R1n(1� r)

(3.23)

where r is the tolerance of the resistances, whose nominal value is R1n. In those condi-
tions, we relate the output common mode with the input common and differential modes.
After some algebra, we obtain:

V
0
cm

= Vcm +
R1n

Rg

rVd (3.24)

as well as the output differential mode:

V
0
d
=

✓
1 +

2R1n

Rg

◆
Vd. (3.25)

We notice that:

• If Rg is much smaller than R1n, the input differential mode is greatly amplified.

• The input common mode is mostly not amplified nor attenuated by the first part
of the circuit. This contribution is very often the most relevant one to the output
common mode voltage.

• The output common mode is also affected by the input differential voltage, in a
factor which is dependent on the R1n/Rg ratio (the same affecting the differential
gain) as well as the tolerance r of the matching between R1 and R

0
1
.

To summarise, the first circuit has a differential and common mode gains A0
d

and A
0
cm

as
follows: (

A
0
d
= 1 +

2R1n
Rg

A
0
cm

⇡ 1
. (3.26)
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On	connaît	déjà	cette	partie	!	

A00
d =

R3

R2
, A00

mc ⇡ 0

Une	petite	étude…	
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of the circuit. This contribution is very often the most relevant one to the output
common mode voltage.

• The output common mode is also affected by the input differential voltage, in a
factor which is dependent on the R1n/Rg ratio (the same affecting the differential
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•  Ampli	différentiel	?	 	 	 	OUI	
•  Gain	Ad	connu	et	réglable	? 	OUI	
•  Impéd.	entrée	infinies	? 	 	OUI	
•  Impéd.	sortie	nulle	? 	 	 	OUI	

Ad = A0
dA

00
d =

R3

R2

✓
1 +

2R1

Rg

◆

Paragraph 3.4.2 presented the analysis of the second half of the circuit of figure 3.7:
(
A

00
mc

=
4rR3n

R2n+R3n

A
00
d
=

R3n
R2n

, (3.27)

where as usual r represents the tolerance of the resistances and the “n” subscript indicates
their nominal values.

Putting together all these equations (and neglecting some cross terms) yields the
differential and common mode gain of the complete amplifier:

(
Amc = A

0
mc
A

00
mc

⇡ 4rR3n
R2n+R3n

Ad = A
0
d
A

00
d
=

R3n
R2n

⇣
1 +

2R1n
Rg

⌘
. (3.28)

Those equations might be furthermore simplified when R3n = R2n, which is a frequent
choice: (

Amc ⇡ 2r

Ad = A
0
d
A

00
d
= 1 +

2R1n
Rg

. (3.29)

In fact, the instrumentation amplifier built around 3 operational amplifiers is both
flexible and very convenient to be integrated (for example the INA101, the AD623 and the
INA333 and many others). In fact, in microelectronics it is difficult to control precisely
the absolute value of a passive device, but symmetries such as those required in this
circuit can be achieved quite conveniently. In fact, the end user just needs to choose the
gain via the resistance Rg which is normally to be connected outside of the integrated
circuit. This both provides outstanding performances, ease to use as well as flexibility.
For example, have a look at figure 3.9, where the AD623 is described. Compare the
expression given for the gain with equation (3.29).

3.5 Isolation amplifiers
Isolation amplifiers are able to decouple effectively two parts of a circuit which must
exchange a signal, without having a direct galvanic connection between them. Figure 3.10
shows a schematic view of the way they are done: the signal ei is transferred through
an insulation barrier. Usually the transfer is done by an optical link (optocouplers),
magnetically (transformers) or capacitively. Isolation amplifiers can be required for safety
reasons and protection of equipments, for example when high voltages are involved. In
this case, they are effective to eliminate very high common mode voltages Vm between
the decoupled sections. A second important reason is to avoid ground loops, yielding
severe electromagnetic compatibility issues (see paragraph 5.8). This is made explicit
in figure 3.10 by the choice of two different symbols for the reference nodes, once the
isolation barrier is crossed.
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each amplifier feedback assures gain programmability. 
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The differential voltage is then converted to a single-ended 
voltage using the output amplifier, which also rejects any 
common-mode signal at the output of the input amplifiers. 

Because the amplifiers can swing to either supply rail, as well as 
have their common-mode range extended to below the negative 
supply rail, the range over which the AD623 can operate is further 
enhanced (see Figure 20 and Figure 21). 

The output voltage at Pin 6 is measured with respect to the 
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Figure 41. Simplified Schematic 

Note that the bandwidth of the in-amp decreases as gain is 
increased. This occurs because the internal op-amps are the 
standard voltage feedback design. At unity gain, the output 
amplifier limits the bandwidth. 

 

Figure 3.9: A paragraph extracted from the data-sheet of AD623. Analog Devices describes it as
an integrated version of the classic 3 operational amplifier instrumentation amplifier.
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Figure 3.10: A schematic view of the principles of an isolation amplifier. The presence of an
isolation barrier makes sort that the two reference nodes can be subjected to a voltage VM without
any current flowing and no risk for the signal integrity as long as VM remains below a certain
limit, specified in the datasheet.
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where as usual r represents the tolerance of the resistances and the “n” subscript indicates
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flexible and very convenient to be integrated (for example the INA101, the AD623 and the
INA333 and many others). In fact, in microelectronics it is difficult to control precisely
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circuit can be achieved quite conveniently. In fact, the end user just needs to choose the
gain via the resistance Rg which is normally to be connected outside of the integrated
circuit. This both provides outstanding performances, ease to use as well as flexibility.
For example, have a look at figure 3.9, where the AD623 is described. Compare the
expression given for the gain with equation (3.29).

3.5 Isolation amplifiers
Isolation amplifiers are able to decouple effectively two parts of a circuit which must
exchange a signal, without having a direct galvanic connection between them. Figure 3.10
shows a schematic view of the way they are done: the signal ei is transferred through
an insulation barrier. Usually the transfer is done by an optical link (optocouplers),
magnetically (transformers) or capacitively. Isolation amplifiers can be required for safety
reasons and protection of equipments, for example when high voltages are involved. In
this case, they are effective to eliminate very high common mode voltages Vm between
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severe electromagnetic compatibility issues (see paragraph 5.8). This is made explicit
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where as usual r represents the tolerance of the resistances and the “n” subscript indicates
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flexible and very convenient to be integrated (for example the INA101, the AD623 and the
INA333 and many others). In fact, in microelectronics it is difficult to control precisely
the absolute value of a passive device, but symmetries such as those required in this
circuit can be achieved quite conveniently. In fact, the end user just needs to choose the
gain via the resistance Rg which is normally to be connected outside of the integrated
circuit. This both provides outstanding performances, ease to use as well as flexibility.
For example, have a look at figure 3.9, where the AD623 is described. Compare the
expression given for the gain with equation (3.29).

3.5 Isolation amplifiers
Isolation amplifiers are able to decouple effectively two parts of a circuit which must
exchange a signal, without having a direct galvanic connection between them. Figure 3.10
shows a schematic view of the way they are done: the signal ei is transferred through
an insulation barrier. Usually the transfer is done by an optical link (optocouplers),
magnetically (transformers) or capacitively. Isolation amplifiers can be required for safety
reasons and protection of equipments, for example when high voltages are involved. In
this case, they are effective to eliminate very high common mode voltages Vm between
the decoupled sections. A second important reason is to avoid ground loops, yielding
severe electromagnetic compatibility issues (see paragraph 5.8). This is made explicit
in figure 3.10 by the choice of two different symbols for the reference nodes, once the
isolation barrier is crossed.
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MAX4194–MAX4197 Micropower, Single-Supply,
Rail-to-Rail, Precision

Instrumentation Amplifiers

Maxim Integrated  |  9www.maximintegrated.com

Detailed Description
Input Stage
The MAX4194–MAX4197 family of low-power instru-
mentation amplifiers implements a three-amplifier topol-
ogy (Figure 1). The input stage is composed of two
operational amplifiers that together provide a fixed-gain
differential and a unity common-mode gain. The output
stage is a conventional differential amplifier that pro-
vides an overall common-mode rejection of 115dB (G =

+10V/V). The MAX4194’s gain can be externally set
between +1V/V and +10,000V/V (Table 1). The
MAX4195/MAX4196/MAX4197 have on-chip gain-set-
ting resistors (Figure 2), and their gains are fixed at
+1V/V, +10V/V, and +100V/V, respectively.

Input Voltage Range
and Detailed Operation
The common-mode input range for all of these ampli-
fiers is VEE - 0.2V to VCC - 1.1V. Ideally, the instrumen-
tation amplifier (Figure 3) responds only to a differential
voltage applied to its inputs, IN+ and IN-. If both inputs
are at the same voltage, the output is VREF. A differen-
tial voltage at IN+ (VIN+) and IN- (VIN-) develops an
identical voltage across the gain-setting resistor, caus-
ing a current (IG) to flow. This current also flows
through the feedback resistors of the two input ampli-
fiers A1 and A2, generating a differential voltage of:

VOUT2 - VOUT1 = IG · (R1 + RG + R1)

where VOUT1 and VOUT2 are the output voltages of A1
and A2, RG is the gain-setting resistor (internal or exter-
nal to the part), and R1 is the feedback resistor of the
input amplifiers.
IG is determined by the following equation:

IG = (VIN+ - VIN-) / RG

The output voltage (VOUT) for the instrumentation
amplifier is expressed in the following equation:

VOUT = (VIN+ - VIN-) · [(2 · R1) / RG] + 1

The common-mode input range is a function of the
amplifier’s output voltage and the supply voltage. With
a power supply of VCC, the largest output signal swing
can be obtained with REF tied to VCC/2. This results in
an output voltage swing of ±VCC/2. An output voltage
swing less than full-scale increases the common-mode
input range.

R1*
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R2*

R2*

R2*

R2*

VIN-
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OUTRG**
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IG

VIN+ VOUT2

VOUT1
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A3

VOUT = (VIN+ - VIN-) · (1 +           )       2R1 
       RG

  * R1 = R2 = 25kΩ
** RG = INTERNAL TO MAX4195/MAX4196/MAX4197
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Figure 3. Instrumentation Amplifier Configuration
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Detailed Description
Input Stage
The MAX4194–MAX4197 family of low-power instru-
mentation amplifiers implements a three-amplifier topol-
ogy (Figure 1). The input stage is composed of two
operational amplifiers that together provide a fixed-gain
differential and a unity common-mode gain. The output
stage is a conventional differential amplifier that pro-
vides an overall common-mode rejection of 115dB (G =

+10V/V). The MAX4194’s gain can be externally set
between +1V/V and +10,000V/V (Table 1). The
MAX4195/MAX4196/MAX4197 have on-chip gain-set-
ting resistors (Figure 2), and their gains are fixed at
+1V/V, +10V/V, and +100V/V, respectively.

Input Voltage Range
and Detailed Operation
The common-mode input range for all of these ampli-
fiers is VEE - 0.2V to VCC - 1.1V. Ideally, the instrumen-
tation amplifier (Figure 3) responds only to a differential
voltage applied to its inputs, IN+ and IN-. If both inputs
are at the same voltage, the output is VREF. A differen-
tial voltage at IN+ (VIN+) and IN- (VIN-) develops an
identical voltage across the gain-setting resistor, caus-
ing a current (IG) to flow. This current also flows
through the feedback resistors of the two input ampli-
fiers A1 and A2, generating a differential voltage of:

VOUT2 - VOUT1 = IG · (R1 + RG + R1)

where VOUT1 and VOUT2 are the output voltages of A1
and A2, RG is the gain-setting resistor (internal or exter-
nal to the part), and R1 is the feedback resistor of the
input amplifiers.
IG is determined by the following equation:

IG = (VIN+ - VIN-) / RG

The output voltage (VOUT) for the instrumentation
amplifier is expressed in the following equation:

VOUT = (VIN+ - VIN-) · [(2 · R1) / RG] + 1

The common-mode input range is a function of the
amplifier’s output voltage and the supply voltage. With
a power supply of VCC, the largest output signal swing
can be obtained with REF tied to VCC/2. This results in
an output voltage swing of ±VCC/2. An output voltage
swing less than full-scale increases the common-mode
input range.
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Figure 3. Instrumentation Amplifier Configuration
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Figure 1. MAX4194 Simplified Block Diagram
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Figure 2. MAX4195/MAX4196/MAX4197 Simplified Block
Diagram

…et	des	centaines	d’autres	!	
•  Rapport	de	résistances	
•  «	trimming	»	
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Questions ?


