Stability and Frequency Compensation
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Bode Plot & Root Locus
Bode Plot:

(1) The slope of the magnitude plot changes by

+ 20 dB/dec at every zero frequency

- 20 dB/dec at every pole frequency

(2) For a pole (zero) frequency of o,, , the phase begins to fall
(rise) at 0.1w,, , experiences a change - 45° (+ 45% at 0, , and a
change of -90° (+90°) at 100, .

Root Locus: s,=0,1tj0,
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One-Pole System

AO
H(s)= 1+s/ @,
Y(s) _ H(s)
X(s) 1+BH(s)
Bode Plot:

We plot |,B H(s)|
and ZfB H(s) at s=jow

A single pole cannot contribute to a phase shift greater than 90°
the system is unconditionally stable.
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We plot the location of the poles — iy
as the loop gain varies
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Two-Pole System
Bode Plot:
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Two-Pole System

Root Locus: 4,
H(S):(1+S/a)pl)(1+s/a)p2) Y(s) _ H(s)
Y(s) _ 4, X(s) 1+BH(s)
X(@s) (+s/o,)(1+s/w,)+ B 4,
AOa)plwp2

S+ (0, +0,,)s+(1+f 4) 0,0,

1 1
12 =5 (@ + 0,) %@, +0,) ~ 41+ B 4) 0,0,

Forg =0 =) Si2 =
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Three-Pole System
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Phase Margin

crosses -180°.

GX: Gain Crossover
PX: Phase Crossover

Frequency Response:

Step Response:
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To ensure stability |ﬂ H(S)| must drop to unity before £/ H(s)

How far should PX be from GX ?
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Example

and (@,| <<|@,,
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A two-pole feedback system is designed such that ‘ B H (a)pz)‘ =1
. What is the phase margin ?
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Since £/ H(s) reaches -135° at w=w,,

m) The phase margin is equal to 45°.
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How much phase margin is adequate ?
|pH L)l
For PM=45° = [ H(w)=1xexp(—/j135) ] Gx
1 o
Y(s)| 1 Ixexp(—/135%) ! S 9
-, . ° o
X(9)_,, B 1+Ixexp(-j135°) e \ m
[BHw)
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Frequency Compensation

Solution 1 Solution 2
=) Modify £ H(s) =) Modify |8 H(s)|
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Example: Telescopic op amp

Dominant pole: @, ,,
(highest small signal resistance)

1st Non-Dominant pole: @, ,
(highest capacitance:)
CGSS + CGS6 + CDBS + 2(:’GDG + CDB3 + CGD3
2nd Non-Dominant pole: @,
3rd Non-Dominant pole: @, ,
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Example: Telescopic op amp

Frequency Compensation:
- lower the frequency of the dominant pole
=) increase the load capacitance

How much @, ,, must be shifted down ?
Assume:

1-0,,<o0,, = LB H®,,)=135°
2- required PM=45°

20log | Hig) 1

20|09||5H|w}|

_ : =) -The new dominant pole: @', ,,

n :- 5 T
opvl Mt ?’”-“\ a(log scale) -The load capacitance must be

o A - increased by a factor @ /@

. o (log scale) p.out p.out
135 "o
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| Op-Amp GBW = 1st non dominant pole
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Is it possible to compensate using Rout ?

|

Although, 20l0g|j3 H ()|

- HM+

o = 1
p,out
Rout C'L

Li] E : -
{pout \ o (l0g scale)

The answer is NO ! 0 - -
\\ m{hg scale)
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Compensation of 2 stage Op-Amps

Emﬂalﬁf‘”m“ Ce
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2nd Stage

=) Common Source Amplifier:

VDD
Rg Cu
My

a, =
" RS [(1 + gm9RL )(CC + CGD9 )+ CE ]+ RL (CC + CGD9 + CL )

w

— RS [(l+gm9RL )(CC +CGD9)+ CE]+RSCGS +RL (CC +CGD9 +CL)

p2

RSRL [(CC + CGD9 )CE + (CC + CGD9 )CL + CE CL]
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Pole Splitting

Common Source Amplifier:

r’ Pole Splitting \

jo Juw
Before
Compensation

After
Compensation

ll'D.I:F
Ag Ce
; My
+ cc
""In ) vwl
5 A, ICL

" & 2 "o B> Y
Before compensation:
7 Ry (CE + (1 +8,.0R, )CGDQ ) v R,C,
After compensation:
1 gm9
. = o, ,=—="
7 RS [CE + (1 + gm9RL )(CC + C'GD9 )] ! CE + CL
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