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Abstract

The technique of compensation is used to provide
stability to rather unstable systems, which become so
due fo obvious use of the closed loop feedback. The
capacitor in feedback path that decreases the flow of
current through main feed forward path al various
frequencies, causes the path of low reactance in
‘eedback loop. This effect introduces the phase error
within the circuit. In this paper compensation strategy
has been simulated fo overcome this effect.
Simulation result shows an improvement upto 35
degrees.
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Introduction

The general configuration that is used for the
application of the op-amp is closed loop. It is to

use the relatively high, inaccurate forward gain
with feedback for achieving a highly accurate
transfer function which is in turn the function of
feedback elements only. The figure below
depicts the negative feedback configuration.
The amplifier gain is the open loop, differential
voltage gain denoted by A(s). The transfer
function for the feedback is F(s). The system
loop gainis given by

Loop Gain, L(s) = -A(s)F(s)

The utmost requirement here is that the signal
fed back to the input of the op-amp be of such
amplitude and phase that it does not keep
regenerating itself around the loop. The
equation for this requirementis as below:-

= F(s) ::

Vin(s)—{ + == Ag) ———— Vo(s)
+

|A(jw, ) F(jwy)| = [L{iwy)|<1
here t“z"  is defined as, Arg|-

A(jwy )Fl_;w VA9 Ljwy)=0°
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If the above condition is met, then the feedback
system is stable i.e. sustained oscillation cannot
occur. The requirement for stability is that the
|A(jw)F(jw) |curve crosses the 0 dB point before
the Arg[-A(jw)F(jw)] reaches 0°. A measure of
stability is given by the value of the phase when
|A(jw)F(jw) | is unity, 0 dB. This measure is called
the phase margin and is described by the
following relationship:

Phase Margin, oM = Arg[-A(jw_(0 dB)) F(jw (0
dB))] = Arg[L(jw_(0dB))]

Compensation technique used

The compensation technique is employed in the
multistage (two and three stage) op-amp here.
Let gml , gmll and gmlll be the respective
transconductances of two stage and three stage
op-amps here. This technique is applied by
connecting a capacitor from the output to the
input of the second transconductance stage. The
resulting small signal model for the two stage
case is depicted in the figure below:-

w i 5
ot || B
+ [ | +

/ )
Vin } = Vout
gmlw R'j}‘ gmlivl Rl Z>Cll

|
= Fge

Two results are evident from adding the
compensation capacitor CC. First, the effective
capacitance shunting Rl is increased by the
additive amount of approximately gmlIRIICC.
This moves pole p1 closer to the origin of
complex frequency plane by a significant
amount. Second, pole p2 is moved away from
the origin of the complex frequency plane,
resulting from the negative feedback reducing
the output resistance of the second stage. The
two compensated poles are given as below:-
(1)
gmll HI FlII CE‘.

I

p1

and
-G Co
C C+CIC.+C.Cl
In case, if Cll is much greater than C, and if C,. is
greater than C, then above equation becomes

as below:-
il -gm,

G
It is to be noted here that a zero occurs on the
positive real axis of the complex frequency plane
and is due to the feedforward path through C..

Theright half plane zerois located at:
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The figure below shows the two stage and three
stage cmos op-amps with the compensation.
The next section includes the simulations and
the results.

Simulation and Results

Fiq.4 Three stage CMOS op-amp
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and
-g."-n | CC.

C,C,+CIC.+C.Cll
In case, if Cll is much greater than C, and if C, is
greater than C, then above equation becomes

P,=

as below:-
- -gm,
P, = G

Itis to bél noted here that a zero occurs on the
positive real axis of the complex frequency plane
and is due to the feedforward path through C..
The right half plane zero is located at:
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The figure below shows the two stage and three
stage cmos op-amps with the compensation.
The next section includes the simulations and
the results.

Simulation and Results

Fig.4 Three stage CMOS op-amp
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phase error has been reduced upto the
required range. The phase margin is seen to be
within the range of 45° - 60° which is the desired
criteria for circuit stability. However, the
reduction in phase margin causes decrease in
the bandwidth of the circuit. This could be the
future improvement aspect of the paper.
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