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4 Effect of Feedback on Frequency Response (Cont.) SB-2)
A jw RHP
7
X > E> E> eXp(pl Xt)
p. S
Impulse
v -HP exp(p, 1)
5 NN
\p<2 ; \
Impulse




EECS140 ANALOG CIRCUIT DESIGN

LECTURESON STABILITY

g Effect of Feedback on Frequency Response (Cont.)

Let a(w) be asingle pole response,

A, Ao

a(s) = U a(w) =

_lae T(s) 6
f€1+ T(s)?

SB-3)
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g Effect of Feedback on Frequency Response (Cont.) SB-4)
Let T, = a, xf
a, o 1 :
= o C -
Als) 1+ T, XQ S ;

el_pl X(1+To)
Poleisat p,x(1+T,) P —w, x(1+T,)

¥_IT0 T0:O

- A . X
_Wp]_ x(l + TO) k _Wpl

N

Root Locus - motion of poles asloop Gain is increased.
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4 Effect of Feedback on Frequency Response (Cont.) SB-5)

open loop a(w)

20log(a,)

20l0g®EZe_0

€1 + Toﬂ
Wpl Wpl X(l + To)
5HZ 50kHZ
T, = 10°
i : i : 1 A
Gain reduction by negative feedback reduces Gain by gel " Tg

and increases bandwidth by (1+T,)




4 Effect of Feedback on Frequency Response (Cont.) SB-6)
Why notlet T,® ¥ ? Problemsif we have more than one pole.
(8) e

a(w)

1 | | | — | | | |
Nwm 10w, 10w,

~90° +-

—180° + > :
270 corresponds to asign inversion
—270° L

At the frequency (10w,,) the pahse shift is 180° or negative feedback
at DC is now positive feedback.

N
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4 Effect of Feedback on Frequency Response (Cont.) SB-7)

Letslook at the motion of asingle pole with positive feedback :
a(w)

(W) © i@ | o No(W)

. |

= — 1 = —W,,
a(w) 1_§ P
P1
A(s) = —2 x[ S ]
1+To p1 X(l_ |ao| Xf)
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Effect of Feedback on Frequency Response (Cont.) SB-8\
Since,
To — _’ao| Xf
a | xf =1
Stable / Unstable
o 4
\7\/\ y >
* |
axf<1 - L a xf>1
poleisat —W,, x(1—|a,] xf)
If T<-1or (1+T) <O thecircuit isunstable
J
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4 Effect of Feedback on Frequency Response (Cont.) SB-9)

The condition for stability of a multipole response is the Nyquist Criteria.

__as) _ _as)
AS) = Trae <~ 1+T(9)

Simple Version :
If |Tjw|>1 atthefrequency where the phase of T(jw) = -180°,

then the circuit is unstable.

T(w) = T(s)l

S =jw

_ Im{ T(jw)}
Orgwy = arctan [Re{T(jW)}}
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4 Effect of Feedback on Frequency Response (Cont.) SB-10)

Complex Nyquist Criteria:

Plot T(jw) on complex plane. As w increases count number of times

—1 iscircled - even number means unstable (I Think).
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4 Effect of Feedback on Frequency Response (Cont.) SB-11)
+ | a(w)
N (W) © (S o No(W)
On
f

TW)laee < 1 -

Worst Case Stability Condition
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Effect of Feedback on Frequency Response (Cont.) SB-12)
1] ce —_—
f=0.1 o Tw) = a(w)
TAW)lee ¢
e Frequency where q = -180°
0dB O.1v!vpl w
—~{w, odw, 1¢sz\ 1ow.
—90° - |
_180° - '
—270° 1
J
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4 Effect of Feedback on Frequency Response (Cont.) SB-13)

PHASE MARGIN : Difference between the actual phase shift and — 180°

when |T(w)| =1
l.e. g,° Phase Margin = g[T(w)] —(-180°)

if g, >0 thentheamplifier is stable - typically 45°— 60°

A = % more gain more stable

r . . ;
Rour = 2 higher R, with more gain
1+T J Ro J
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g Effect of Feedback on Frequency Response (Cont.) SB-14°

a(w) Always Stable
(W) o -(s) D ono(W)

a(w)
(W) © t@ | o No(W)
i |
f
Worst Case for Stability

‘ a(w)

O no(W)

ny(w) o
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Effect of Feedback on Freguency Response (Cont.)

As Q. approaches 0 the amplifier is becoming unstable.

A(W) e

closed loop gain

(Ao

SB-15




EECS140 ANALOG CIRCUIT DESIGN LECTURESON STABILITY

4 Effect of Feedback on Frequency Response (Cont) ~ SB-16)
_ _a(w)
AW = T aw)
a(s) = %
N(s)
B D(s) a N(s) -—— zerosof a(s)
A(s) = 1+ N(S) o~ D(9) + N(s) xf
D(s) A poles of a(s)
If the feedback factor is frequency dependent, then,
f(s) = —g—:—%
As) = ——N(ESDE

D(s)Di(s) + N(s)Ni(s)




EECS140 ANALOG CIRCUIT DESIGN

LECTURESON STABILITY

/

Compensation

Compensation is the method in which an amplifier is modified
so that it is stable.

One way Isto decrease f (less feedback).

If wygg IS the frequency where,
g(a(W)) = —180°

then if,
f< 1
a(WlSOZ)
then,

|T(W1800)’ - fx‘a(wlso())’

and stability Is ensured.

SB-17)
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4 Nar rowbanding for Compensation SB-18)
This entails the addition of a dominant pole
Wpl Wp2 Wp3
[P | | |
I | |
| | |
| : !
TGW)|s | |
| |
I
Yo _ i :
ao Xf © | — 450 I
OdBr-————=-"=—"="="----- n =2 F - -
:’,Compensation pole W,
—90° \
—180° +
-135° or g, = 45°
—270° +
N
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Narrowbanding for Compensation (Cont.) SB-19)

For,
d. = 45°
add a compensation pole, w. at the fequency,

Wey _
|a,f] ’
w, = 1IMHz
la.f| = 10°
w. = 100Hz

—90° of phase shift from the new compensation pole.
—45° from the second pole.
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Pole Splitting SB-20)
It IS better to use an existing pole rather than add another.
é R
Cool |
n, — |+ |
Diff. | [ o Output | |
Pair | Te. Stage
A Cos | Ces
N
a, gnR a,
1+j X Wo i WO 1+j—
JWpl §+prﬂx§-+pr3ﬂ JWp4
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Pole Splitting (Cont.)
L ets say w1 and wy, are given with,
Wp4 » Wpl

CGD « CGS! CD
then,

_ 1 1
Wee = RDIFFCGS Wes = RLCD
O
W = Ce
——
W, \AJ W, W, W, U\ | 9,
after C. W, With Cc Coo

SB-21)
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A(W) e

closed loop gain

(Ac)e

W —»

_ tRI SE

+ 1

SB-22)

FALL

tSETTLE -

tFALL
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4 Pole Splitting (Cont.) SB-23)
If we add a compensation capacitor, C. in paralel with C,; :
W = 1
2 RDIFF X(l + gm XRL) ><Cc:
= — O
M T Cot G
L ets put numbersin :
Rore = 10MegW w,, = 10 x10°"2d
R, = 5MegW
w,, = 100 x10°"2d
Css = 0.1pF
C, = 0.1pF % =10
g, = 10°Mhos a =1
- J
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g Pole Splitting (Cont.) SB-24)

Before compensation, and with,

Cepo = O
_ 1 _ .~sfad
WIOZ - 107 xlo—ls - 10 sec
. 1 _ ;T ad
We = 5310 <0 - 20 g
e 3 0 ? -3 6 9 e 0
1+ 5 G L iWO® i W 07 &4+ N,
T a0” eg[?”]lof"fJ xgqﬂz 10929 © 170
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Pole Splitting (Cont.) SB-25"
Compensate this amplifier for the worst case,
f=1
with,
g, = 45°
) Worst Case Stability Condition
n, | + Nour
J
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g Pole Splitting (Cont.) SB-26"
(5 x10°) 10° 2 x10° 10 x10°
13.4dB ' | |

10° +

Somewhere between 2MHz and 10MHz,
= —180°
but the loop gain,
T»1 T~10°

So how to compensate it?
Add C; so that the gain at the first non-dominant

pole (Wpl): since Wz will move to a higer frequency
and wy,> will move lower
N J
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g Pole Splitting (Cont.) SB-27)
W, 100 rad
W= 5100 T 5 100 < Vsec
Formulafor w., & w.,, withC. :
CC » CGSI CD
Wp, = 1
RDIFF X(l + gm XRL) ><Cc
R
WPS - CGS+ CD
— o
W, = Cc
-
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4 Pole Splitting (Cont.) SB-28)

C. = 10pF
o 1

107" 5”7 10°° C.
Wps = 107 = 57 10’ xrad ssec = 5000Mr ad ©sec

#7027 1077 -

100 ., rad

W; = 10—11 = 10 XSQC

So by adding a 10pF capacitor this circuit is made stable.
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r]OUT

Slew Rate Limited
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SB-30)




LECTURESON STABILITY

‘ Slew Rate & Compensation Miller Op Amp SB-31"
Cc
lss |
l ; | E || I Output Stage
GAIN A, =
$ 0 e
nid
27— EI\/Il Mﬂ -
n,
_-E-‘ ISS
lss
G,
ncd
N
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Slew Rate & Compensation Miller Op Amp (Cont.)  SB-32)

nin

few 100mV

nOUT

/
/ \
_/ \
Slew Rate Volts/ msec 10 low
20 -50 med
100 high
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[ SewRate& Compensation Miller Op Amp (Cont.) SB-33"

Circuit situation with large n,

basically
CC| | VB “ [‘
| |
|

4{

n,
A
Slewrate

dn dn Iss

= —C.x— or ° = == = dlewrate
= ©dt dt c

n, = -1—><0|SS><dt = I—ESXt = linear with time

C C
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: Slew Rate & Compensation Miller Op Amp (Cont.) SB-34
Wpl sz
ao I \s
T(w) |
1 I
d. = 45°
f=1
ao = Apier xag
L ocation of compensation pole:
We,
W, = —
A,
- Y
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" SewRate& Compensation Miller Op Amp (Cont.) SB-35"
Cel |
|
, "
Ny _aD”:,: ] a, n;
RD,DlFF

Aoirr = On ><RD, DIFF

W = 1 _ We _ Wiy
¢ Ro, air Xa, xC. d, Apirr XAy
WP2 — 1 sz

Apirr Be’oﬁ xC. On XBoriee

The size of the compensation dependsonly on g, & w,,

- Y
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,
_ 2 ><IDS
gm - VDSAT
Vysyr = 2202
On
O], 1.
lss
dn, _ s _ Js o = 2x2XW
dt - CC - gml P2 = gml P2
Slewrate = dn, _ Vpsars XWo,
dt
Vosr = 0.1V

W, = 10MHzXx2p

SR = 6.3V anrsec

Slew Rate & Compensation Miller Op Amp (Cont.) SB-36"
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Slew Rate & Compensation Miller Op Amp (Cont.) SB-37
How to increase dew rate::
Increase V..., b More current, smaller \T/_—V 1
a .
Increase w,, 1+g.R.
Slew rate limits max change:
A .
m mAsmWSXt
W
U ~Max rate of change here
—-A
Voo _ W XACOSW, Xt
A =2V ws=10°x2p a — °° °
SR = 13V asec Max Value wg XA
J
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g MOSMiller Amp - Right Half Plane Zero

C. Ignore for now

SB-38)

|| -l N,
W
+

. [ gmnl |
Q)Idiff nl__ Cl G .

Ro, diff - ROUT, GAIN

||p

/4

removes zero entirely

.
! s @i é
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4 . . SB-39)
MOSMiller Amp - Right Half Plane Zero (Cont.)

W, = 1

Z e L6

C. xégm RZQj

gm cCC
O—> O
1 /( ‘\ j
&l 506

Cc xégm_Rtﬂ ¥




