Lect. 13: Feedback  (12.1, 12.2in Razavi)

Feedback
Amplifier
Source - o A v »| Load
X, = AX
X A
X, =pX Assume f is positive SCA =—2=
f ﬂ 0 ( IB P ) f XS 1+Aﬂ

X; =X = X¢ =X, — X, (Closed loop gain)
X, = AX, = A(X, = BX,)

X,(1+ ApB) = AX,

Af (loop gain)
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Lect. 13: Feedback

' X. 4 X, ity X
Source @—» A >

X A
A =0 If A 1
f X, 1+A,B ,B( £ >>1)

What good is it?

A;is not influenced by changesin A

=» Gain Desensitivity
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Lect. 13: Feedback

Example: Consider CS transconductance amplifier

. W
A](j/ Ads szldslvgs = Om :\/zluncox'f'lD

If g,, cannot be controlled very well
(bias conditions, process variations, temp., etc)

35 = = Amplifier performance is not predictable

_ A
Feedback: source resistance Af =

Y rds "1+ AB ,

5 A Gy = o o
o o= Aa‘j Vgs 1+ gm R R
(15 - Z R G,, is controlled by R!

— A=g, =R (Assuming R is well controlled =
design using discrete components)
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Lect. 13: Feedback

Example 12.7 : CG with feedback
(Assume R+R, >> Rp, A = 0)

Vout / Vin =7
V, A
; DD Af _
Rp= 1+ Ap
¢ © Vout A~g R,
I A1 R
m, I =
V, o— R, R +R,
R
- Vout/Vin gm 2
1+ R,
gm D
R, +R,
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Lect. 13: Feedback

Example 12.7 : CG with feedback
(Assume R+R, >> Rp, A = 0)
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Lect. 13: Feedback

Frequency Response of Feedback System

Source

A : » Load

A (s)=

1+s/w, Ay

AM
1+s/m,

Assume A(S) =

Al (1+ A, B)

1+ 8 al
1+s/w,

T1+ A B+5lw, “1+s/, (1+ A, 8)

@, = @y (l+ A, B ) Bandwidth extension!

Reduction in LF gain

Electronic Circuits 2 (15/1)




Lect. 13: Feedback

i ’ -

Source

™
A

A, _
A(S)=1+S/(oH I \
A1+ ALB) -
Af(S)_1+s/a)H (1+ A, B) K“*N
Wy Wy p
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Lect. 13: Feedback

|s feedback always possible? =» Stability of feedback system

A(s) 4Bl dB A

Gain margin

LR 4{
[
[} il'.l.

w (log s-:a]';)

If SA(s)=-1, system becomes unstable !

For stable feedback system design,

|
Phase [3A(s)] >-180 deg when |BA(S)| = 1 X § |
||
. . | | >
=>» The larger B is, less phase margin 3 0 e i Aogseale)
5 H
°  —90° ||
= |
How should we design our amplifier g ETTTT
for feedback applications? £ —210°F  Phase margin
—360° |-
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Lect. 13: Feedback

Gain margin

80 ¢
L.
Ly
1

T i

w (log scale)

.

|A| dB )
When designing amplifiers
for feedback applications 0
(Example, OTA for our design project)
=>» Provide sufficient phase margin 4
< 0
E —90° [~
%ﬂ —180° F————
E —=270° |
—360° |-
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Lect. 13: Feedback

Mirrored OTA for Design Project #1
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- Mirrored OTA Specifications

Parameter Value
Ay >56dB
Bandwidth >60KHz
Phase MargD >65°
Vo >1.5V
Slew Rate >13MV/s
CMRR >85dB
Power Consumption <2.5mW
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