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Open-loop op amp as a difference amplifier

Goal: to amplify the difference of signals v,»>-v;1, while supresssing the
common mode gain

= P — U2

vo=Av,+A

cmvlcm

Common-Mode Rejection Ratio (CMRR) quantifies the CMRR = 201log |Ad|
op amp’s ability to reject the common mode signals

|cm

Disadvantages of open-loop op amp as a difference amplifier:
* very high gain but poor controllability
* closed-loop gain more stable and more predictable
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A single op amp difference amplifier

The condition:
R4 R2

R3 N Rl
must be met

Goal: Find vp as a function of v, and v)»

Superposition technique

+v

v Ol(casel) 02 (case?)

o=V
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Differential gain of the difference amplifier

RI Rz
A AW
R

= RJ A
U D—W? 2
case 1 - inverting R case 2 - non-inverting
configuration ke configuration

R4

R R, R
1+ =2 |=v 1+ ==
%)

R, R,
Vo=Vor tVo, =——V+—V,, =
R, R,

Differential gain of the A = &

difference amplifier: diff R when

R, R
To satisfy the — = R—2 condition while minimizing a possible matching problem, we usually select R, =R,
> and R, = R,
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Common-mode gain of the difference amplifier

CM - common-mode
excitation only

3 R4 R3

vlcm =V -
R, + R, , TR, R, +R,

vIcm -

R, +R,

Common-mode gain of the difference amplifier:
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Differential input resistance of the difference amplifier

R>

U

Ui - differential-mode
excitation only

Virtual short circuit

Disadvantages of the single op amp difference amplifier:

* small input resistance independent on op amp technology (gain R2/R1 must be large)
* to vary differential gain, resistors must be varied simultaneously (a difficult task)
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The instrumentation amplifier

-
11+ 22|
. Ry

1st stage - noninverting op amps
A7 and Ao to increase
the input resistance

R
Ald :A2d :1+Ez

1

R

~ oo
id

2nd stage - a single op amp A3
difference amplifier

W &

1st stage ' 2nd stage

Yo _ A, Ay = {1+ R_ZJ(R_“ A = AnanBAson = Asen
~Vn )\ R,

Disadvantages:

* non-zero common-mode gain of the first stage enlarges CM signal for the second stage
* A1 and A2 must be perfectly matched, otherwise their mismatch willl be amplified by A3

* to vary differential gain, two resistors (R1, Ro, etc.)must be varied simultaneously (a difficult task)
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The improved instrumentation amplifier

Original
instrumentation
amplifier

Improved
instrumentation
amplifier
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Differential gain of the improved instrumentation amplifier

=
0

differential-mode input voltage

[] Differential gain

longer affected by
R2 mismatch

R, (1+ R, + Rz] O Differential gain no

R, 2R,

|:| Gain can be varied by changing only one resistor, 2R1
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Common-mode gain of the improved instrumentation
amplifier

vﬁ'm{ i ’

common-mode
input voltage

[0 The input stage A4, A2 no longer amplifies the common-mode signal;
it simply propagates it to the A3z input, where it becomes supressed by As.
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Inverting configuration with RC circuits

OO0 Using combinations of RC feedback circuits instead of resistor-only
feedback results in new circuits featuring the unique transfer functions that
depend on signal frequency .
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r )
The inverting integrator
+ Ve —
“ Analysis in the time domain
I |
[ R 0 C current through R ll(t )= VII(;)
t .
° O charge build across C f ll([ )dl
s 0
Ut |
o(1) voltage across C Ef(:ll(f)df
1 pr,
ve(1)=V, +Efozl(t)dr
1 ¢t
The output voltage v, (t) == R 0 v, (t)dt - VC where VC is the initial voltage across C
0 The circuit provides an output voltage vo(t) that is proportional to the time
integral of the input voltage vi(t). The RC product is the integrator time
constant.
\ENSC 225 Op amp applications 12J




The inverting integrator

b e Analysis in the frequency domain

Vv
Vi(

For physical frequencies § = ja)

V (jo) 1

V,(jo)  joCR

1

Magnitude of the transfer function:

/,_ -20dB / decade

Disadvantage: There is no negative feedback
at w = 0 (-3dB corner frequency), and the gain
»  (log scale) magnitude is infinite (in practice, the amp
™ does not behave like a linear amplifier and its
R output voltage is saturated.

Frequency response of the integrator.
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The inverting integrator with a finite dc gain

R.
‘V\;v Analysis in the frequency domain
C
I
L ACIEAC NS S
V) Z() ZO%0)

R,
1 R
1 R 1+ sCR
\ - —+35CR F
I—VT‘ (dB) R(RF +SC) R,
A
2010g(%) For physical frequencies § = jw
R,
V(jo) R
V(jo) 1+ joCR;
-20dB / decade
. . | R
Magnitude of the DC gain: |-—=|=
v &
0 ! » w (log scale)
w = L
" CR,
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The op amp differentiator

Analysis in the time domain

du(t)
elt

current through ¢~ 1(f) = C

du(t)

the output voltage il (1) = —CR 7
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The op amp differentiator

Analysis in the frequency domain

v
Magnitude of the transfer function: ‘—0 = wCR

v,
\ + 20dB / decade

= o (log scale)
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Charge Sensitive Amplifier (CSA)

The output voltage V) = —AVI

The input impedance / ;= 0

Voltage across Ck

Ve, =V =V =V, - Ay, =v,(1+A)

)
< O Charge deposited on Cr

Charge Oc, =Cpve, =Cpy, (1+A)

detector

QI = QCF since ZI =0
Effective input capacitance

dv, Av, A i (4]~ o]

dQ, Cv, ) C, i Cr (1+A) Cr ) Coulomb i Farad

“Charge” gain AQ =

ENSC 225 Op amp applications




