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Introduction

@ In this chapter, we will be covering:--

9/6/2007

Negative Feedback

The General Feedback Structure

The Four Basic Feedback Topologies
Feedback in relation with Stability

Feedback in relation with Frequency Response
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Introduction

@® Two types of Feedback
= Positive (Regenerative) Feedback
= Negative (Degenerative) Feedback

@ This chapter will focus on Negative Feedback
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Introduction — Negative FB

#® Negative Feedback — Trades off gain for other

desired properties, such as:-
Desensitized gain
Reduced non-linear distortion
Reduced effect of noise

Controlled input and output impedance
Extended bandwidth

ThAacn +raAdAA_A~Affa +AlrA Ala~rA 11
1S OC LlAdUut Ullo LANT pidlLc Ul
¢

a numeric factor called amoun

— Q
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1. The General Feedback Structure

% Af
s D

source=——( Y’ ——1 A : Load

@

N

v

iy

- =
This is a signal-flow diagram of the
general negative feedback structure.

~ xOZA.xi T :A.(xs_xf)
fo,B'xo — =A-(x.—f-x)

X=X —X, 4 _ Yo _ A
T x. 1+4-B

9/6/2007 (c) 2007 DK Jeong 5/89



1. The General Feedback Structure

4 / Af \
i .

2 @ LA | Load

N

source

_ 4 N\
A :open loop gain X y
: A, =2 =
[ - feedback factor f x. 1+4-p
A- = loopgain \_ J
1+ A4- B = amount of feedback o~ A, =% as A — o

A, : closed loop gain
[Note that A and 3 are in fact transfer functions.]
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2. Some Properties of Negative Feedback

® As mentioned in the introduction, negative FB
trades off gain for some other desired
properties.

@ |t will become apparent explicitly in this
section.

9/6/2007 (c) 2007 DK Jeong 7/89



2. Some Properties of Negative Feedback

#® Gain Desensitivity

P dAd, (@+A4B)-48 1
71+ AB 1 dAd  (A+A4B)°  (1+AB)?
1 A 1

T14 4B 1+ 48 4
di
A, 1+48 4

The percentage change in A; is smaller than the percentage
change in A by the amount of feedback (= 1+A4p).

v
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2. Some Properties of Negative Feedback

#® Bandwidth Extension

Consider an amplifier with a single pole, then

open -loop TF: A(s) = Ay
1+s/w, y
M
2= A(s) A, (s) = 1+s/w, . A,
1 As) B T g sl A B)w
1+s/w,

{ Wy, = wy L+ 4, ) }

The upper 3—dB frequency is increased by a factor equal to the
amount of feedback (= 1+Ap), where A,, denotes the midband

gain and w, is the upper 3—dB frequency. However, the gain-
bandwidth product remains constant.
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2. Some Properties of Negative Feedback

N

%

#® Noise Reduction x. (noise)

sourcel™: t@ i A @ - Load

A 4

Xf ﬂ

x,=A-x,+x, xo:A'(xs_xf)+xn
[ :’ N [ =A-x —A-f-x,+x,
X, =X, — X,
SX, = A-x, s =A4 s

X
1+ AB 1+Aﬁ s e AR

The magnitude of noise seen at the output is reduced by the
amount of feedback.
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2. Some Properties of Negative Feedback

N

%

@® Reduction in Nonlinear Distortion

Consider an amplifier with the gain of 1000 in region A, 100 in
region B, and O in region C.

Without feedback

Vo(V) 1
~ C l /Under feedback, \
B - y
B C by A, = = 0.
: a0
|||||||||||'|A‘|A|,|||||||||| .  Gain in region A’ is 90.9
Vi(V)

Feedback with B =0.01 EEE . Gain in region B’ is 50

K = @Gain in region C'is 0 /

The amplifier transfer characteristic is considerably linearized.
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3. The Four Basic Feedback Topologies

€ There are four basic feedback topologies,
namely,
= Series—Shunt
= Shunt—Series
= Series—Series
= Shunt—Shunt

#® Each has an aptitude on four different kinds of
amplifiers discussed in Chapter 1. Correct
application of feedback topology idealizes the
amplifier’'s input/output impedance.
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3. The Four Basic Feedback Topologies

® The term ‘shunt’ is an another expression for
‘parallel’.

® \Why are the names like that?

The word before the dash describes how the feedback
signal is ‘'mixed’ into the input.

The word after the dash describes how the feedback signal
is ‘'sampled’ from the output.

Voltage is mixed in series and sampled in parallel.
Current is mixed in parallel and sampled in series.

Ex) Series—shunt mixes in series and samples in parallel.
So both input and output has to be a voltage.
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3. The Four Basic Feedback Topologies

N

%

@® Four kinds of amplifier paired with its most

effective feedback topology.

R

s

P edbac A
| networ k 2

(a) Voltage Amp.(series-shunt)

Basic

current
amplifier

b

j

——

7 ’\I
@

Feedback
network

(M
(2)
=/

Basic >
% transconductance I R, I R
W+ amplifier b

L :

—~ ac o
W network (:/]

Basic

ansresistance

amplifier

(b) Current Amp.(shunt-series)

I

(7 eedbac
O networ!

(c) Transconductance Amp.
(series-series)

9/6/2007 (c) 2007 DK Jeong

@

(d) Transresistance Amp.
(shunt-shunt)
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Appendix B — Two Port Network Parameters

N

%

@® Review of Two Port Network

1) h param.(series-shunt)
Vi= h1111 + h12 Vz
I, = h2111 + hszz

3) y param.(shunt-shunt)
I =y Vi + y,V,

I I, 2) z param.(series-series)
P ....................................................... A Vi=z,1,+z,1,
ex Vl V2 + Vo = 2y + 251,

I, =yuVi+ yuV,

4) g param.(shunt-series)

I =gV + g1,
Vy=8guV1+ 8&xnl,
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Appendix B — Two Port Network Parameters

N

1) h param.(series-shunt) — I, and V, are the stimuli

V.=h. I, +h,V. yy
1 1141 1212 ]1 ()
]2 :h2111+h22V2

9/6/2007 (c) 2007 DK Jeong
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Appendix B — Two Port Network Parameters

N

2) z param.(series-series) — I, and I, are the stimuli

V.=z.1 +z.1 A "
1 1141 1252 ]1 ( )
Vy=zyli+ 2,51, ' :

Yoz =— B
S 211,50
A V V :
I C) 5221:_2 V. v, 222:_2§V 1,
St = [ 1l =

9/6/2007 (c) 2007 DK Jeong
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Appendix B — Two Port Network Parameters

N

3) y param.(shunt-shunt) — V; and V, are the stimuli

L =y Vi + vV,

I, =y Vi +yuV,
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Appendix B — Two Port Network Parameters

N

4) g param.(shunt-series) — V; and I, are the stimuli

| —E Ly I,
e JAR
I— 21=0
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4. The Series-Shunt Feedback Amplifier

® Series—-Shunt (voltage amp)
=> Input is mixed in voltage(series), and
output is sampled in voltage(shunt).

= Whenever voltage is mixed, the input impedance is
Increased by the amount of feedback.

= Whenever voltage is sampled, the output
iImpedance is reduced by the amount of feedback.
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N

4. The Series-Shunt Feedback Amplifier

%

9/6/2007

® |deal Situation (w/o load and source res.)

AfEVOZ A
V. 1+ Ap
ittt e oot P o Wi Yot ABY
L VIR, Vi Vi
R, =R, (1+ Ap)

Z, =2, @+ A(5)B(5)) |

(c) 2007 DK Jeong 21/89



4. The Series-Shunt Feedback Amplifier

N

; i , _7
@ |deal Situation(Cont’d) R =7
;_VimAy
RO
R, {L i:_Vf :_ﬂl/o :_ﬁl/t
wWe—i— ¢ LV ApY,
AV, Ci)V, R,
o’ R . = Ro
T o Y1+ AB
Ol(l l l
|
|
To find R Set V=0, apply test voltage V, f Z ( ) 0
, i S
Of 1
+ A(s) (s
! ()A(s)
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4. The Series-Shunt Feedback Amplifier

N

%

@ Practical Situation

lhli .
ﬁ’hﬂ/z h2|11<:>‘5%h22 ®

Feedback network

(b) Represented by h parameters

j)aur{, jva | V2 1,=0

.
B circuit

(c) Neglecting h21 ( similar to ideal case)

9/6/2007 (c) 2007 DK Jeong 23/89



4. The Series-Shunt Feedback Amplifier

N

%

9/6/2007

® Summary

(a) The A circuit is

R\

o)
Basic < < +
Vi > % R» & R, < V)
i @ amplifier - L3 @
O
Ry K,
R,
where Ry, is obtained from and R, is obtained from
o— o— ————O
Feedback Feedback
e (2 1) 2
® network O O network O
[ o o )
Ry,
and the gain A is defined A = -‘_‘;‘--
(b) B is obtained from
O p—
. ~ Feedback %
V 1 2 1744
= I () network Q :
o,

Ry,

(c) 2007 DK Jeong

U

Rout - 1/ (

I

of

A

=

4

(in Fig. 8.10(a))
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4. The Series-Shunt Feedback Amplifier

@ Example 8.1
Q : find the expression sfor 4,48,V IV ,R_and R_. .
Open loop gain :ux =10"

diff. input resistance : R, =100 kQ
QOuput resistance :r, =1kQ

!

TT—T R, = 1kQ

Y R, =1MO
R.=10kQ

9/6/2007 (c) 2007 DK Jeong 25/89



4. The Series-Shunt Feedback Amplifier

N

! @ Example 8.1(Cont’d)

Vo

T A ]
R,

rﬂ
mV, @ R, 2 (R, + Ry)

; <
V_i Ri ::
oA ——
(R, Il Ry

9/6/2007

It sample voltage and mixes voltage, so series-shunt...

!

(c) 2007 DK Jeong

v, RIUR+R) R,
v YIRIR AR )] +r, R, +R +(RIR,)
~ 6000(V /7)
v '
ST A%
v, R, +R,
Voo A es10017)
V. 1+Ap
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4. The Series-Shunt Feedback Amplifier

@ Example 8.1(Cont’d)

9/6/2007

R, =R, (1+ Ap)

R, =R, +R,+ (R, /I R,))=111kQ
R, =111 x7 =777 kQ

R, =R, — R ~ 739 kQ

R
R, = —°
7 14+ 4
R,=r IR, I(R,+ R,) = 667 Q
R0f=66—7z95.3§2
7

R =1/(———1y~1000
R, R,

(c) 2007 DK Jeong
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5. The Series-Series Feedback Amplifier

@ Series—Series (transconductance amp.)
=> Input is mixed in voltage(series), and
output is sampled in current(series).

= Whenever voltage is mixed, the input impedance is
Increased by the amount of feedback.

= Whenever current is sampled, the output impedance
IS increased by the amount of feedback.
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5. The Series-Series Feedback Amplifier

N

@ |deal Situation

As shown previously,

| 7 i ,¢(Q—j’ o A 1/0: A
Er ““““““““““ E / Vs 1+ A,B

| Z? R, =R,(1+ Ap)

z,=2 m A(s)B(s))
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5. The Series-Series Feedback Amplifier

N
\

® |deal Situation(Cont'd)

¢AV: %Ro O+ v=v=p=p

V=(I,—AV,)R, = (I, + ABL)R,
I R, =+ AP)R,

00

':U
|||
~|V

O | = + 0

Qo

To find Ry Set Vs=0, apply test current V,

Z, =Z,(L+ As)B(5)))
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5. The Series-Series Feedback Amplifier

N

%

@ Practical Situation

Basic
amplifier —|

iy 5
—Z11 2 —-—
""" """
® 2!:’:@ ®zz=’i @
Feedback network

(b) Represented by z parameters

(c) Neglecting z21 ( similar to ideal case)
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5. The Series-Series Feedback Amplifier

N

%

® Summary

and R,, is obtained from

Feedback
network

(a) The A circuit is
y o8
Basic
V — ;
Ry amplifier
—Oo———MW—m
R;
where R;, is obtained from
o ——o o——
Feedback
(1 2 1
O network O O
e l———o o—
Ry, I
and the gain A is defined A= \—
(b) B is obtained from
L =0
—_—
+ o
- Feedback
V; ] 2
O network O
——
o Y
g TR

Rin = le - RS

9/6/2007

(c) 2007 DK Jeong

Rout - Rof = RL
\ |

J

(in Fig. 8.15(b))
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5. The Series-Series Feedback Amplifier

N

® Example 8.2

A A

l §Rﬂy:amsz
'v—————at_

Rey =9 mg r/(j

Rea = 5 kQ

- —iI‘L
e |
|||—MN—->—]_r_:_-\
2o
=

Ry = 100 O %iﬂlrlﬂﬂﬂ

9/6/2007 (c) 2007 DK Jeong

Q :find the expression s for 4,8,4,,V, 1V ,R, ,R,,and R,,.

|, = 0.6mA4

|, =1mA

|, = 4mA

h, =100
assume 7, = oo
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5. The Series-Series Feedback Amplifier

N

! @ Example 8.2(Cont’'d)

It samples current and mixes
voltage, so series-series...

A

9/6/2007 (c) 2007 DK Jeong

e

—a (R Il 1)

V, P+ [Rp (R + Ry,p)l
~-14.92(V IV)

V

<2 =g, ARy Ay + D + (R R, + R

cl
~ =131 .2(V IV)

10 _ 163 _ 1

V., Vs Foa ¥ (Rpp (R, + Rpyp))
~10.6(mAd V)

A:]_():VC].‘VCZ. Io
Vi Vi Vcl VCZ
~20.7(41V)
V

B = /= Reo X Rp,

R,,+R,. +R,,

~11.9(Q)
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5. The Series-Series Feedback Amplifier

p
N
@ Example 8.2(Cont’'d) L4
TV, 1+ AB
~83.7(md IV)
A Vo :IcRcs E_IoRcsz—AfRC3
VS VS VS .
§R ~ -50.2(V I V)
R
Rey | R, =R, (1+ A4p)
Q}. :(hf'e+1)[rel+(RE1//(RF+RE2))](1+Aﬂ)

~13.65 x (1+ 20 .5x11.9) = 3.34 (M Q)

R, =R,(1+ Ap)

R
l_ff@ :{[REZ//(RF +RE1)]+re3+ fec-il}(l-i_AIB)
~143 .9 x (1+20.5x11.9) = 35.6(kQ)
o if r, = 25 kQ
) Rout = 7"0 + (1+ gm3ro)(Rof // r7r3)
~2.5(MQ)
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6.1 The Shunt-Shunt Feedback Amplifier

® Shunt—Shunt (transresistance amp)
=> Input is mixed in current(shunt), and output
is sampled in voltage(shunt).

= Whenever current is mixed, the input impedance is
reduced by the amount of feedback.

= Whenever voltage is sampled, the output
iImpedance is reduced by the amount of feedback.

9/6/2007 (c) 2007 DK Jeong 36/89



6.1 The Shunt-Shunt Feedback Amplifier

N

@ |deal Situation

Dam—e = . ? Z.(s)
O dq "”‘é - < % 4 =
R - = 1+ A(s) B(s)
Ry 3 b - R,
h B [ mmmmmm—— _1

@B% c !Il o ZO(S)
@ 0 A(s) [ (s)
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6.1 The Shunt-Shunt Feedback Amplifier

N

%

® Summary

The A |
o * . . . o
: Basic s
li ® — K % R é amplifier Ry % R, % Y
L Or ® - - * O
‘f\}l }I\al_
I f btained f 1 A btained from

Feedback Feedback

A | _: )
~— network network o
o—] ——o0

R R4
v
and the gain A is defined A = I f 1

~

4
1
R, =1/ —)
(b) B is obtained fro
] Laine rom X sz RS
; A y 0 (1) Feedback Y
A network = 1

R
B= :— -. \ R()f RL /
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6.1 The Shunt-Shunt Feedback Amplifier

N

® Example 8.3
Q : Determine V, /V R, , R, .(8 =100)

+12V +12V V. =07+ (1,+0.07)47 =3.99 +471,
12 -7,
4.7

=(p+1)I, +0.07

I

I, = 0.015 (m4)
I, =1.5(mA)
Ve = 4.7(V)

9/6/2007 (c) 2007 DK Jeong 39/89



6.1 The Shunt-Shunt Feedback Amplifier

N
\

, It samples voltage and mixes
@ Example 8.3(C0ﬂt d) current, so shunt-shunt...

v, =1.(R. IR, Ir)

" V. =—g V.(R,IIR,)
i s? g I

%

A=—t=—g, (R, M RR MR N T.)
p i
- — _ N— — _358 .7(kQ)
— _ + : ot : Ry
R, R r.ZV, el R Re
%% % ? %% A a1
= = = = G = Tf' f} Vo Rf 47 (kQ)
R, R = =
d} [+
( (e) Af _ V., _ A
I. 1+ Ap
— _41.6(kQ)
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6.1 The Shunt-Shunt Feedback Amplifier

N
\

9/6/2007

@ Example 8.3(Cont’d)

i ?

I|I—Wv

S+

b ’"ﬁ M | ¥

(c) 2007 DK Jeong

A
Vo o Vo _ 2L 46 i)
VS ISRS RS
R. R //R Ilr,
Rif
1+A,B 1+A,B

=162 .2(Q)

R,  R.IR,
Y1+ A48 1+ AB

= 495 (Q)
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6.1 The Shunt-Shunt Feedback Amplifier

N

" @ Problem 8.42(p.866)

Vi

Q : ldentify t he type of feedback used and find V. /V,, R

Given

I =1(mA)
Vee = 0.8(1)
V.-=0.6(})
V,=30(0V)
R, =10 (kQ)
R, =10(MQ)

R, = 4.7(MQ)

9/6/2007 (c) 2007 DK Jeong

in?

and R .
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6.1 The Shunt-Shunt Feedback Amplifier

N

" @ Problem 8.42(p.866) (Cont’d)

Voltage is sampled, and current is mixed.
So shunt-shunt feedback amplifier.

Viop i Vo _ VA Vo
IS Is VA
f :_[(RS+R1)// Rz](Rz I ro)gm
If i = —24x10"(V I 4)
R, R, =L - = = _21x1077(A4/lV
AW :I: 7 P vV R, ( )
'fa ’—¥ A : A
R, A, = =-3.9x10°%(V | 4)
1 1+ Ap
- - y
Vo o L = _389(V IV)
V. R, + R,

9/6/2007 (c) 2007 DK Jeong 43/89



6.1 The Shunt-Shunt Feedback Amplifier

N

" @ Problem 8.42(p.866) (Cont’d)

(R, +R)IR,

R,=R,-R, = R,
Vi 1+ Aﬁ
=126 (kQ)
I
R,
e o R, =R, = r, Il R,
R R, l 1+ Ap

MWV ——O— MW\ II: 7 = 4.86 (kQ)
IR

9/6/2007 (c) 2007 DK Jeong 44/89



6.2 The Shunt-Series Feedback Amplifier

® Shunt—Series (current amp)
=> Input is mixed in current(shunt), and output
is sampled in current(series).

= Whenever current is mixed, the input impedance is
reduced by the amount of feedback.

= Whenever current is sampled, the output impedance
IS increased by the amount of feedback.

9/6/2007 (c) 2007 DK Jeong 45/89



6.2 The Shunt-Series Feedback Amplifier

N

@ |deal Situation

— BE
=k {Z”Lhﬂwﬂ@):}

2, 22,0+ AG)BG) |

9/6/2007 (c) 2007 DK Jeong 46/89



6.2 The Shunt-Series Feedback Amplifier

N

%

® Summary

(a) The A circuit is

and the gain A is definedas A= —=

!
- o =
I @ —> R % R, % Bae R %R;,
amplifier 22
o & s AN—O
¥ ¥
R, —R,
where R,, is obtained from and R,, is obtained from
o——— ———©O
0 Feedback Feedback () .
e network network —
o—— ————0O
R K

(b) B is obtained from
3}
'y V',
lIr.
3
' I,

Feedback SN @ /
network = @

9/6/2007

(c) 2007 DK Jeong




6.2 The Shunt-Series Feedback Amplifier

o
@ Example 8.4
Q:Findout | ,/l,,,R;,,and R ,. (8 =100, V, = 75(V))
-
R, = 100 kO Ry = 10 kQ Ry = 8 kil‘% " {_f”:

AMAN

R, = 1kQ

R, =10kQ o I/T
| . 0,

'A'A" )|
V fi _
& RHE — |5 k{l
870 () f =2

A
R, = 10 kQ

(a)

9/6/2007 (c) 2007 DK Jeong 48/89



6.2 The Shunt-Series Feedback Amplifier

N

: , It samples current and mixes current,
& Example 8.4(COﬂt d) so shunt-series... |

[
—
b *— 3 * * Al
[ | | Emi Vr': r. Em2 V?TE
7 ’ — D o1
- . gﬂm IRz =Ro o
R, R K

V.,

p— 4 l,
R; I % l
AN

(b)

V, ~12 x[15 /(100 +15)] =1.57 (V) Vi, =2-0.7=13(V)
V., ~157 -—0.7=0.87 (V) I, ~1.3/3.4=0.4(mA)
I;,=0.87/0.87 =1(m4 ) V., ~12-0.4x8=8.8()
Ve, =12 =10 x1=2(V)

9/6/2007 (c) 2007 DK Jeong 49/89



6.2 The Shunt-Series Feedback Amplifier

N

! @ Example 8.4(Cont’d)

|
I
|
I
I
I
I
:j“’“ !
=
{3 3

Vo= IR M(R,, + R,V R, I 7] I
Vo = =8tV ot Ry vy, + (B +1)(RE2//Rf)]} A = [0 ~ —201 45(A/A)
4 i
J = b2 7
0 re2+(RE2//Rf) IB :_f:_ RE2 :_0254
I, " Ry +R,
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6.2 The Shunt-Series Feedback Amplifier

@ Example 8.4(Cont’d)

1+ AB =52.1 s
r
R, =R, (R, + R, VIR, T, R,= (R, Il R;)+ 1,y + CﬂlH“
= 1935 (k) = 2.69 (kQ)
Rz-f=1+;1ﬂ =29.5(Q) R, =R,(1+ Af) =140 .1(kQ)
R, = / 1 / =29 .5(Q) R,, =r,[1+g,,(r., 1 Rof)]
IR, —1IR, =18 .1(MQ)
A, =teo A _ 3870414
I. 1+ Ap
]out ~ [out — RCZ ]c ~ RCZ Io :_344(A/A)
[in Is RL+RC2 Is RL+RC2 ]s
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6.2 The Shunt-Series Feedback Amplifier

N

%

® Exercise
Q : Identify t he type of feedback used.

R, = 1 MQ

- A
R = 1kQ J
AN = _
- . - — oV,
v.(H) R

. = 2k0

9/6/2007 (c) 2007 DK Jeong
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6.2 The Shunt-Series Feedback Amplifier

N

%

® Exercise (Cont’d)

Voltage is sampled and current
iS mixed, so shunt-shunt
R, = 1 MQ feedback amplifier.

MAN
R, = 1k£) J J

AAA \
i oV,
/ -
V.
! - . R, = 2 k()

9/6/2007 (c) 2007 DK Jeong 53/89



/. Determining The Loop Gain

N

%

® Alternative Approaches L(s)=A(s)B(s)=loop transmission

Approach 1.

)

(Rosenstark, 1986)
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/. Determining The Loop Gain

N

® Example — Approach 1.

Q. Determine the loop gain of the following circuit.

R.
Ap, = % H

" Ry | '___]__ "H'%& - Rid R .
= | RLH[Rz + RlH(Rid + R)]
r,+ R,|[R, + R(R, + R

~ R|(R, +R)
R, + (RlH(Rid +R))

b

| =+

- s R
R .f\'...§l, :CLB ¢ i Ry X — L 2
_% _ | Y b R, + R,

.

Ri when R, >> (R,R,), ,=0
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/. Determining The Loop Gain

® Example — Approach 2.
R v,
%de fﬂm % RL
+ " A
V. ;) —\N—
R, ﬂ _ R1
s AR R, + R,
BV, - R,
YO R
AIB i id .
© R+R, +(RR,)
~ H
R, + R,
when R, >> (R, R,),
9/6/2007 (c) 2007 DK Jeong

R, (R, + R,)

TRAR, +(RJR) " r v R (R Ry)

RL H(Rl + RZ) . R1

r+R,(R+R,) R, +R,

v, = 0
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/. Determining The Loop Gain

#® Comparison of the two results

AB, = R, o RLH[RZ + RlH(Rid + R)] . R, H(Rid + R)
R R YRR RIR R Ry RIR, )
AB, = R, R, H(Rl +R,) R

_ -
R+R, +(R]R,) r,+R,|(R,+R,) R, +R,

" When R == (R, R.), ry =0 both values come to R

- - H
1 2

e
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/. Determining The Loop Gain

@ Loop Equivalent with Different Op—Amp

Circuits
RZ
%7
R
A
R, +
O -
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/. Determining The Loop Gain

N

! @® Example — Approach 3. Shunt—=Shunt FB
GEEEEn i

R, uv % R,
L % j

R, 1 R,|R, 1
\ﬁ??_/ ! AIB — id . -l .
% ?ﬂn R, " R+R, R|R,(R,+R) " r,+(R,+R,) R,
ﬂ 77 i Rid . RlHRZ u = Rid . Rl - U
R+R, R, R+R, R +R,
g D
)> As 1, =0,R,, =x,
V. o
e < Ry R
R, I : Aﬂ3 ¥ : ‘H
R +R,
- -
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8. Stability Problem

#® Feedback systems do not always have a
tendency to stabilize.

#® Under some conditions, the system will
diverge and oscillate.
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8. Stability Problem

N

%

® |n an iterative process inside the loop:--

Source[— A 2 »| Load

p

h i 60(00)214[1—/1,6’(1—14,5(1_/1/3 ..... D

X, 1- 48 1- AB(1— Ap) . 2 3

- g | (15
A@/ A(l— Ap) AQ-A4LQ1-Ap)) [1_(_[_));8()@@ i

x| 4B AaBQ-4P) ) apa-apu-4p) | =AT; o
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8. Stability Problem

N

%

# Conditions for stability under negative FB.
= The system is stable IFF x,(o°) converges.

All events occur simultaneously => stable . A(jo)
what if thereis a delay in the loop => unstable A(jo) = 1+ A(jw) B(jw)
[ Apr

L(jo) = A(jo)f(j)
=| A(jo) B(jw) | ™"

\ 4

7 if A(jo)p(jw)<-1 =>oscillation)

hen Ao o)~ 150"
(—ApY \\A(ja)) B(jw)|>1  =>oscillation

A

Magnitude of oscillation will grow until some

Lunstable] nonlinearity eventually makes |AB|=1.
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8. Stability Problem

N

" @ Problem 8.63(p.869)

Q. Find the value of k above which the closed-loop
amplifier becomes unstable.

_ 1000 k
Given —— A(s)= - B(s) = -
1+ 1+-—)2
10° ( +104)
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8. Stability Problem

N

! @ Problem 8.63(p.869) (Cont'd)

Ang (A(s) B(s)) = —180° = —3tan * f(l;g - @y, = 3x10%(rad I s)

If |A[3|w=m180 <1 the system is stable.

100k,
J1+(v3)? 1+(V3)’

— k < 0.008
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8. Stability Problem

N

%

# Nyqguist plot example

A

A(s) p(s) =

AT T

/W:w
Y -

A+s/o)A+slw,)1+s/w;)

w negative and
increasing in
magnitude

W = wigg

b
18]

@ positive
and increasing

Because the magnitude of the loop gain is an
even function and the phase is an odd function,
the nyquist plot for negative frequency is a
mirror image of nyquist plot of the positive

frequency.

If the nyquist plot intersects the real axis on the left of (-1, 0), then the system is unstable.
-> The plot encircles the point (-1,0), thus the system is unstable.

9/6/2007
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9. Effect of Feedback on The Amplifier Poles

N

# Stability and pole location
| v(t) =e” (ej‘”"t +e_j“’"t)

=2e” CoS w,t

o > 0 :unstable
o < 0: stable

Poles of FB system
Vols)=H (s, (s)

A S)
1+ A(S),b’(s)

H(s) =

Characteristic equation
[ 1+ 4G)8k) 0 ]
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9. Effect of Feedback on The Amplifier Poles

N

%

€ Amplifier with one pole

Jjo k- dBA

20 log (1 + 4.8)

Root-locus as X marks the
|AO| varies s plane  |ocation of the o
oles.
" i B K{]// p S

|

!

i |

Wiy < o (Real-axis) f I
I

|

\
|
wpr = wp(l T AyB) “r ml“?” w (log scai;:;}
(a) (b}
y Characteristc EQ. 14 4(5)- p=1+—Ph _g
A(S): 0 — 1+s/o,
1+ S/C()p

[ﬂAO +1l+s/w, = OJ

Solve this to find where the pole is.
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9. Effect of Feedback on The Amplifier Poles

p
U
® Amplifier with two poles
_ A(S) . A, 0!
Af(S)_l-I-A(S)-,B(S) ‘Af(Ja))(: & -
_ AO/(1+S/a)plX1+S/a)p2) \/(a)g _wz)Z _,_(a)a)oj
14 Bdy Ut /o, N s/@,,) g
_ 4w 0 ,,
T2 +s(a)p1 +a)p2)+ @+ Aoﬂ)a)plwpz
Ao, @ ! /52+s&+a)2 — o
2 a)o 2 - Q :
e 0 i woj @, : pole frequency , Q : pole Q factor
@y :\/(1+A0ﬁ)a)plwp2 o | \/(1+Aoﬁ)@p1(0p2

= Characteristic equation - U it e
+ Peaking starts to show in frequency domain at Q > 0./707/.
* Ringing starts to show in time domain at Q > 0.5.
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9. Effect of Feedback on The Amplifier Poles

N

201log 4,

open loop ( =0)

f small

A

y

20log(1+ 4,8) = 201log 4,5

closed loop (f > 0)

»ld

A

y

1
20log —
p

201og 4,

plarge

A

A

20log(1+ 4,p) ~201log 4,/

A

y

20 log i,.

v

9/6/2007
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9. Effect of Feedback on The Amplifier Poles

N

%

® Amplifier with more poles or zeros

+ Too complex for hand analysis
+ Use CAD tool + Intuition
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9. Effect of Feedback on The Amplifier Poles

N

! ® Example 8.5

Q: find k for maximally flat frequency response.
V

(?’
VB

>

Vs
KCL@V ,; —
V -V Vo —V (£+SC+£)VA—&—SCVO—&:O
M‘FSC(VA—VO)'FMZO R R R R-K
R R 2 V. v, V.
(=+sC)-—2-(1+sCR)-sCV, ——2—=-=
KCL@Vy; 1 R K R-K R
14 :E:V .iJFSC:V ZE-(].-FSCR) (EJrsC)-i-(lJrsCR)—sC—L VO:E
B K A 1 A K R K R-K R
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9. Effect of Feedback on The Amplifier Poles

# Example 8.5 (Cont’d)

Vo R

Vs (2 as)-LoesCR)—sC—
R K R-K

1
- R
ic.c S? (1 2-C+C)—C S+i 2 1
K K R K K R R-K
1
_ R
2
RC S? (3_ jCS i
K K
K
R°C*
B 1 1
S?+=(3-K)- S+
oK)
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N

9. Effect of Feedback on The Amplifier Poles

@ Example 8.5 (Cont’d)

v,  K-a, 0-t el
- 0 2,2
v, S2+a)%Q.S+%2 3- R%C
1 _ :
9, = 2! [} maximally flat — no peaking !!
1 1
" 3-K 2
3-K =+/2

K =3-+/2=1.586

9/6/2007 (c) 2007 DK Jeong
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10. Stability Study Using Bode Plots

N

! # Bode Plot

1481 _an. Every pole contributes to

magnitude change of 20dB
Gain margin decrease per decade beyond
0 ! > its location.

[ it

w (log scale)

y

Every pole contributes to
phase change of 90  decrease
through two consecutive
decades where it is nested at
the center.

[Phaﬁc angle of A8 ]
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10. Stability Study Using Bode Plots

N

%

# Gain margin and phase margin

|AB| dB A

Gain margin is the difference
\ between the value of |AB| at
: om | . W4go and unity(0dB).
= w (log scale)
T

|
|
|
|
: , Phase margin is the difference
|
|

B between the phase angle from
L the point where gain crosses
unity(0dB) to 180 .

|
D
S

[=]

T

Phase angle of A8

—270° |

—360° -
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10. Stability Study Using Bode Plots

# Conditions for Stability
s Stable = Phase margin is greater than 0.

= However, system with phase margin close to O
suffers from severe peaking in its
closed loop—gain. (freq. domain)

= [ypically, system with phase margin above 45" is
well accepted to be stable.
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10. Stability Study Using Bode Plots

N

Closed loop gain peaks by 30% at w, from the low frequency gain of 1/.

9/6/2007

! # Phase margin of 45°

loopgain = A(jw,) B =1xe’® «— Loop gain is unity at w,
(Where 6 =180" - phase margin)

1
oy A(o) N B
RRACRETSTIRY: 4G 1re
1
_ B ‘ If the phase margin is 45°
L+e™ >0 =135"

£ 4, (jo) :1.3% }

Peaking would reach oo as phase margin approaches 0.

(c) 2007 DK Jeong
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10. Stability Study Using Bode Plots

# Alternative approach for Investigating Stability

= |t would be very tiresome to find the best value for B
by numerical iteration.

= [here is an alternative method to graphically
estimate the value of B by using,

20log|A(jw)| - 20 Iog% = 20log|4| = loop gain in dB

See next
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10. Stability Study Using Bode Plots

N

9/6/2007

>

—20 dB/decade

A E

! # Q: System has poles at 10° Hz, 10%Hz, and
10’Hz. Find B that yields phase margin of 72°7?

Wiy

—40 dB/decade
- (b)

—60 dB/decade

5( : 20 log |.-‘;l',‘ = !
s | ower value of B
: |
10 " |
1 L 1 X I !

| -
107 \m“' f(Hz)

1 o
10 f(Hz)

(c) 2007 DK Jeong

Draw 20 log |A(jw)|

Draw the phase graph

Draw a line for 20 log 1/B so as it
intersects 20 log|A(jw)| at the
frequency that gives the needed

=
e Yalratl sl aaille

nh
Priasc iliaiyiil.

The area enclosed by 20 log |A(jw)| and 20 log 1/B
redrawn with 20 log 1/f line as f-axis becomes the
graph of the loop gain (20 log |A(GGW)B]).
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N

10. Stability Study Using Bode Plots

%

9/6/20

# Q: (Cont’'d)

A=

10°

f

1+
A+ 7708

=)+

f

dB A

¢ =

—20 dB/decade

100 . P
ya 0g AL
90 — ¥

—40 dB/decade
- (b)

/ —60 dB/decade

| | -
107 \ 10* f(Hz) /
| I

107

107 10° £ (Hz)

—90°
~135°

—180°

—[tan™ (ﬁ) +tan™ (ﬁ) +tan " (-

|

figo = 3.2 x 100 Hz
(fi50 = 3.34x10°Hz with more iteration)

fiog = 5.6x10°Hz ~

f
10°

f
10’

)1+ ) =5)

f f

10’ )

|A(jwygg)| = 85dB

/

—225°

—270°

B = 5.623x10"

07 (c) 2007 DK Jeong
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10. Stability Study Using Bode Plots

N

" @ Rule of thumb for stability

dB A

1 weet spot!! To guarantee stability,
w2 (NG e the 20 log 1/B should intersect the 20
A log |A| on its -20 dB/dec segment.
: N (then the phase margin > 45°)
ol | i i e More generally, if B is a
- i i i ail— function of frequency...
I R k.1 PO W
R I ' | The difference of slopes (= rate of
S IR closure) at the intersection of
el ' . 20 log 1/B(jw) and 20 log |A(jw)| should
B E— B~ not exceed 20dB/dec.
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11. Frequency Compensation

N

! #® Theory

= A system can be made stable by introducing a new pole or
moving the location of its existing pole.

w2 M isting pol
T S Moveanexisting pole 4 place a new pole so as to

e o&ex guarantee that the slope difference of
' . 20 log |A(jw)| and 20 log 1/B does
not exceed 20 dB/dec.

OR

\ \( 2. Move an existing pole the same
ey, Way as 1. (preferred)
IT fT T ’T‘\ T\ \ l

(STABLE )
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11. Frequency Compensation

N

%

® Implementation

= Assume that the first pole f,; is introduced at the interface
between the two stages.

(a)’s small signal equivalent circuit
can be simplified to the circuit shown
in (b).

By adding Cc we are capable of
moving the location of f;, to a lower

I |
[ I
]
G o

| " ' frequency.
! /f - 1 B
;dp %R J_i:cx %< %R L. | Z”CXR?L-
% © (D i ZW(CxJFCc)Ry

However, the required value of Cc is usually large
and Cc has an secondary effect on poles other than f,;.
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11. Frequency Compensation

® Miller compensation and pole splitting
= A miller effect is used in ICs to minimize C.(Cy).

(a) (b)

= Assume that C; includes the Miller component due to C,, C,
includes the input capacitance of the subsequent stage.
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11. Frequency Compensation

N

%

0

I

N 2nC\R,
s Pole locations with Cf

1
) szz

#® Miller comp.& pole splitting(Cont’d)

= Pole locations without C;

1

2nC,R,

(SCf_gm )RlRZ

1

D(s)=(1+—

Wpy

=1+

S

)(1+—— ) =1+s( L -+

!
Wpy  Wpy

Wpy

2
S

Wpy

+ )
Wp Dp,

!

1

(Wp) << Wp,)

I, 1+5[C.R, + C,R, +C (g, RiR, + R, + R,)] + 5°[C,C, + C, (C, + C,)IRR,

The zero is usually at a much higher
frequency, so we will neglect its effect.

Il

@i = o
: CiR +C,R, + Cf (g.RR+R +R) ngZCle

1 i gmcf
=
C+C,+C (C +C,)

9/6/2007

(c) 2007 DK Jeong
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11. Frequency Compensation

N
\

#® Miller comp.& pole splitting(Cont’d)

. 1 1 g C
Wp = = W = m—f
" C1R1+C2R2+Cf(ng1R2+R1+R2) IngZCf\Rl re C +C, +C (C,+C,)
Miller effect

As C:1, w'y; I and w’y, T : Pole Splitting

This method not nnl\/ reduces the size of the needed

ot Ul I Ji\ A A

compensation capaatance with miller effect, but also
sends the second pole to a higher frequency.
-> Wider bandwidth.

Two goods in one package!!
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11. Frequency Compensation

N

! ® Example 8.6

Q : Find the value of C, needed to make the amplifier with following
open - loop characteri stic stable for g <1.

dB A
Al 20 dB/decade
TN (Solve for two cases:
¥ X (a)
LT T 1.C, placed between node B and ground.
20 log 1/8 | .
60 777TT77|T\T74|»77| 3 40 dB/decade 2. Cf placed In the feedbaCk path-)
50 - - f - (b)
wf 50 R unstab I i
:t;: i i .~ 60 dBidecade Cf C I
| | |
| fisoe
' |
10 | d ? gV, SRy /=G
| A 1
Fiof |
' |
' |
' |
I
|

(a) (h)

Given C, =100pF, C, =5pF, and g,, = 40mA/V.
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11. Frequency Compensation

N

! #® Example 8.6(Cont’d) — case 1.

1 1 10°
- " Al o —20 dB/decade fp = = Rl = = (Q)
sof- 20195148 | e v 27C\R, 27Cf,, 27
B0 8 H;‘?.L bl | .
ol | 1 10°
Be Ilu...J:rl 40 dB/decade 2 — 27Z'C = (Q)
50 T i I| 2 — (b) 2J p2 T
4(? | dB (unstabl I I I
T ¢ moves . To make the amplifier stable,
| L the first pole must be moved so that the
]." A S i':“--;\‘: :’ \o s 20 log |A(s)| intersects 0dB at f,,(=1MHz).
10 ilu2 4:7_ 10° I o T I ’ 10" 7 (o
o L ' 1
~135° - n fp1:: E—. [szluF]
e 111§ oy T P S S - | 272-(C1 + Cf)Rl )
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11. Frequency Compensation

N

! @ Example 8.6(Cont’d) — case 2.
1
fo'=

" Al 20 dB/decade f '~ gm Cf
oo~k g P2 —
o L a 272(Cy+C, + C (G, +C,))
B0 ; |;§.| bl | , .
70 | | . ALl
60 ,,Ilf',,J:rl 40 dB/decade Assume Cf > >C2' Then’
;:;f :\l:‘ .l{:ér-f.u i i I v f gm 60 6MH
W0 | | - '~ — A
| —60 dB/decade 2 — .
20 - i i i ~ i 27[(C1+C2)
10 | fisoey |
1 I 0 1 1 LN _ L . . .
A i'.-“.'f.J R »> IS higher than fy;, so the second pole of
llu iiuz 4‘;0_ EU"! :iiu" T i liu" tiu“' _f(H;.;) the System Wl” be fp3(=1OM HZ). ThUS,
o 1
N £t =[00H)= — (C, =785pF)
el N | —
" i 27, R,C /Ry !

—> [Smaller C: & higher fpllJ
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