6-1

CHUNG-YU WU

Chapter 6 Frequency Response of MOS Amplifiers

86-1 Single-Stage Amplifier
86-1.1 Source follower
High-frequency small-sgnd equivaent crcuit

+VDD
— i Rs Cat

—» 4

— Qo2 Ca2 Ce
2. =T °T*
VBIAS — = — = =
——
-Vss
Av(s)
o VoS _ Loa * s
Vi(s) Om

RqC:g':uC:Leq + Cgﬂcgdl + C:gd1C:Leq)S2 +( Ri:gdl + C:Leq + Cgsl)S+ gml / al + GLeq

é'l
where Ge st 0 , CLeq=CL+Cep1+Cab2

GLeq +gm1/al
Zp(Cgsl +CLeq)

* Left-Hdf-Plane (LHP) pole: fp =

gml
ZngSl

In generd, fp fz Cleq Cga

LHP zero: fz =

C G
*f === :(i-1)+ L% we have
Cgs:l a'1 ml

C
fp = fz and Av(9 @——=— @1 indep. of s.
Coa *Clo

9

>Better high frequency response.
How to achieve this?
Adding an extra cagpacitor Cx such that
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é a

CX+ng_:C|_eq§ l;l
el Leg U
g7 Y 0
€ Om U

o Vi(s CyaStT0nm
zige N =g L 4 57 9m___ llcans)

l ( ) @Cgﬂs Cgs]_S(GLeq +grrbl+£Leq)
* |f gnb1+GLeq<< CLeqS and ngl is neglected,

1 g
Zi(s + ml
I()C S C, S C <CL 82

The input |mpedance conggts of the series connected
Cgst, CLeg and the negetive resstance
91
CuuCrLaW
Thus oscillation is possble.

* If gnb1+GLeq IS Neglected, the equivaent input capacitances

cin=Cgdi]|cin
% 6
¢ L N
Girt @Creqg N
Leg +1+ gml +
€0 Cuss

For large gni1, Cin' CLeg
The large load capacitance C._ iswell blocked or buffered from the preceding stage.

Vo(s 1
Z0()° ) |Vi=0 =
lo(s) G +g. +C_ +(Coitg.) R.C s+l
s Emed e e IR (CyaSt Cyed) +1
* Ifs:O,Zo:Ro:;
gml+gnbl

: 1
If s— o0, ZO'(Without CLeq) @Rsfor Rs G +a_ and Cge1>>Cya1

Leq gml

Since usudly Rs ;,we have

gml +gnb1
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a1/gm]

> |z aw > Inductiveload

R.C.S+1
Zo(s) @ :
gmllal -'-C:gslS
Zo

a
R]_: Rs —L < ::I

gml §
R2
R,= i

O
L= Cgsla'l (Rs a,; )
gml gml
L and C, causes output Sgnd ringing.
* Two source followers in cascade might cause oscillation because
First SF LinZol

SecondSF -RandCinZ;,

§86-1.2 Enhancement  load NMOS common-source gain stage

+VDD
le C J‘ ezl
M g2
? Rs \/,, Con T 2Vo
Vo L IC
NP
+ 1V

Rs
M1 ICL \ﬁ T Coa 1~ Cdot TCsbz T CL
- T
= Ve —
Rs V1 Cga1
C

€ J_ OVo
i f%gmw %GMI%

+
Vi
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GLeq:gdsl+gd32+gm2+gmb2
CLem™Cao1+Cyo+Cap+CL
Applying the Miller's theorem, we have
Vi
O Vo
2 1 T
Vin Cin GLeq CLeq+Cgdl
I (Gn1-SCym)V1 |

CinZCgsl+ng1(1+gn1/G|_eq)

>AV(S) @ Gs(i:gdl - gml)
(i:in + Gs)l_S(CLeq + ngl) +CLqu

* Rignt-Haf-Plane Zero Sz = gn1/Cyar
* Left-Hdf-PlanePoles  S;1=  GJCip (input pole)
Sp2=  GLeg/(CLegtCyar) (ouUtput pole).
If Cya1 and CLeqaresmdl >S5, isthe dominant pole.
* If C islarge, the dominate pole is Sy @(Gn2+Gmb2)/CL
* The input impedance can be approximated by

1
Zin@- — near the upper 3dB frequency.
é 1 u
é—Cgsl + (1+ O G—)ngll;s
e Leq $)
* The exact Zin is
e 1 u
& 1+ (Cour +Crey)s a
. . A L -
Zln(gCgsls”g « T i a
s (149, Ceud)!
e Leq Leq u
1 1 1
If (Con +Clep)g <<land Coaa (I+gm ),
L L G Leg
€q €q

Zin can be gpproximated by the previous formula.
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db2
+VoD |||_)|_
} ngl -gmaV2 |V I Cos3 9m3V3
Cdl | | O
|<_ M3 g~n1V Cg52+
: CgSlI Fdsl I ICst ftgd:[ I
VBIAS M2
oO— CL
al l Rs vy
Rs ::I l - l
g’nl Sngll I
Vin — — — — — — —
= Vss rds2, rds3, gmb2, gmbs are neglected.
1
g2 = gm2 +—
r.dsl
C,=Cp t (:I_+h)cgdl
ng
C2 = ngl +Cdb1 + Cgsz +Csb2
CLeq =C + ngz +Cp + Cops +CgsS
A (S) G ng(i:gdl gml)
" (SCL+GL)(SC, +9,)(SC g * Ona)
RHP Zero:S, = 2
gdl
G 2.5 = B ng

Q = < - 9
LHPPole:S,=- —=;S , =- =%;
pl C1 p2 C2 p3 CL
S,, usudly is the dominant pole.
S

G
b f pl| -
3dB 2p 2pCl

eq

* Tprdly! gml = ng ’thm Cl = Cgsl + chdl
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8 6-14 CMOS gan stage CHUNG-YU WU
+VDpD V1 ?%dz
l I\ gnzv% g J_ c
Coo db2
M2 R l = — j—:
Rs Vo S - - - -
V1 Coar Vo
1C 's)
Vin Ml:ECL Vin l ' Om1V l
= 77 ™ i
-Vss
Rs Cod1+ Coi2
= ( O Vo
1+ On2)V. l
Vin ICgsl+ Cyz GLqu ClLeq
Rs
V1

oV
[gm1+ ng'S(qul+qu2)] °

Vin Icin GLeq:lE CLeqtCgd1+Cod2

GLeq =0ua T Yus CLeq =Cypy *Cypy *C
Omi T9m
Cin = Cgsl + Cgsz + (1+ é; 2 )(ngl + ngz)
Leq

Gs[s(cgdl + ngz) - (ng + gmz)]
A GG vC,, +C.) 6. I(C, +G.)

+
RHP Zero:S, = om" Inz_
ngl + ngz

G

S

LHP Poleo:S,, =-
G

— Leq
S,=-

P
ngl + ngz + C

Leq
If R, islarge enough (R, isthe output resstance of the preceding stage),
[Sal <<[Swe

S

pl

is the dominant pole.



§ 6-15 CMOS differentia amplifier
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1.Differentid-mode hdf circuit
Coar
+ 0 I€ o
\ +
l l Fdsa||rast
1 1 1
Evid CQQT Eglei TCLeq —Vod
e o
CLeq © CL + Cdb4 + Cdbl
+VDD +VDD
el — —f
— M L
Veins | F M3 <« - <+H—O VBiasl
! M4 r|
1 C C
¢—olv. I I
1 = =
_Vid I— |—
2 ey M1 o_I =Mz Mip]
o VB|A520_I
-Vss
-Vss
2 - s 3
Ad — Vod — H(S) - Om é Om1 l;l
Vig Jusa + Jaa gl_l_(CLeq +ng1 )SU
e O 0~ U
RHPZeof, =—9m_  f,>f, Ad A
2ngd1
N : -60db/Octave
LHP Pole:f | = Yo 7 Joa E
2p(Cyps + Cyy +C, +ng1)
gml :
fu Af = ' fu fz
o 2p(Cdb4 +Cdbl +CL + ngl) fo i >
2.Common-mode hdf circuit:

(gds4 + §M )Voc + gdsl(voc - Vs) +gml(vic - Vs) + ngls(voc - Vic) =0
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V.-V, )+V 4+ Cos*Cas*Con g 0 (v vy CgV. - V.)=0
gdsl( s oc) s( or 2 S) gml( ic s) gsls( ic s) -
dss
1
V [2 t— (ngS +Cdb6 +Csb1)S+ Cgsls] - [gds4 +i: +i:gdl]v + (CgslS+nglS)Vic
dsS
V. =- [gd54 +£M +i:gd1]voc - (CgslS+nglS)V'c
s < + + i
g 1 + ngs Cus * Can +Cgﬂ u
ezrdss 2

e ﬁi LI
- T Qst =9d34 :=ECM

e
:}VS Ca1+Cyds+Cais)/2
+ +
VBIAS? (Con+ oot Cars) ‘ | ‘
O—l 2Ms — —
Cm=CL+Cdma+Cudb1

2/ g

Ve gmbt IS neglected
C. +Cyy + C, C.4 + Cys +C,
p A ( ) V gdl( == ;bs < +Cgsl)82 +[( i = L +Cgsl)gml
g)=—05=_
YTV T TCh* Cas + Cs +Cqs + C,
(5 +Coa)(Cy +Coer)$” +[(————+Cy)
1 1
- Zrdss ngl - (gda + gml)(cgsl + ngl )]S"'ﬁ Om
+

(G *+Gga) + 5%+ (Cyy + Cor )G + G )5+ 4 04 (g +0,,)0sc
dss ds5

Solve the pole-zero postion: b 1 RHP zero, 1 LHP zero,2 LHP poles

po
a6t Aq fzr fzL fo1 fp_?
> A
Ac fzr>> fzL Cwm (Coos5+Cabs+Cep1)/2
. fo1 < fp2
for  ifzL o2 - / o
CMRRA Load pole tal pole

CMRR

degradation’region



§ 6-1.6 CMOS differentid-input-to-sngle-ended output converter
Vi o
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Vo
V.=V, ,+V, V, =V, +V
. +VbD
The hail-circuit method cannot be used in
the high frequency andysis. ‘Mf £ M|3_
Two unequd signd paths to the output >
P Load path and tail path Tce Vo
P Both C, and C_ appears in the Ad(9) Loz
- - /—$ CLeq
expression. I \/ > |—||| :|=:
There are two dominate poleo in Ad. @l M1 I_|
OUtpUt pOle W gdﬂ gd54 —
% (;) %Cs
Mirror pole W, @ggi -Vss
E
Tal pah:A,(s) Ao
1+
pl
. — AO
Load path: A, (9
1+ 1+
( W )

pl

s
)
W,

A9 =A(9AL(S =

Leq

S
A, (2+ )
0 sz
(1+ S )(1+ )
Wpl Wp2
LHP zero: W, @2?:_“4 =2W,,
E
Approximate analysis:
The dominant pole of A, (s) is S Yast * Jaes
gml
AqS @
d SCLeq +(gdsl + gds4)

(output pole)
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The A (s) canbewrittenas A (s) @ Yaa R,

ngA g:Leq-'-(gdsl + gds4)

The dominant pole of A (s) is sm:-gdslc&

Leg

Bt the left-hif-plane zerois S, =- Ri(ci)

2") is degradated by 20dB/decade at high frequency.

c

86-2 Frequency Compensations

The CMRR(°

+V

DD o - -—
My [ ™, —t—A[V,,
Vil ]
-t
Cq T Q49 ™t Gusi c Oasg™ Fusg2
[ M ] 7\ il
i1 _L_ L1 NZ J. CL
VI1 I\/|i2 \/i2

Without C_

1 1
-t + i ! 2:-_ dsg1+ dsg2
SPl Cd (gdsl gd5| ) SP CL (g g )

+—i +—=
V1 Cc .\
. FC CL = g..+tg G) gmgl gmgz
equivalent g (V.,v.) d asor” Jusg2(§
mitiil Ci2 +
b =g Vv Yas™ Yasi
circuit md V, OV, -V,
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H(s)= -
£C
_ +gmi(gm1+gm2)RdRo(l' mg1+gmg2)
1+S[(C|_ +Cc )Ro +(Cc +Cd )Rd +CC(gmgl +gng)RORd] +(CCCL +Cch +CdCL )RoRd32
where ROO-; Rdo-;
gdsgl + gdsgz gdsl + gdsi
, , +
b S »- ! s »- (G * )
’ (gmgl + gng )RORdCC " C:OC:L +CdCL +CdCC
, +
S » 9w I 5 RHP Zero
C.
gain
dBA

RHP zero

i >
: log(f)
phase
0 (0]
- 1809 P Phase margin is not
large enou»gh
Y log(f)
Feedforward effect on C, |
c:C
How to solve this problem ? —
\/ | \2
If ICC :( gmgl + gng )Vd ' CC
R’ T I (o] (gmgl+ gngz)\

|,=0 and V, =0

P A zeroisformed. = =
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86-2.1 Using a unity-gain buffer in the feedback path

Unity Gain
Buffer
V2
Il

o

Isolate node 1 from node 2 to prevent feedforward.

<
, S—
O —|—
(@)

O R
(o R —

Keep the Miller effect unchanged.

Source follower can act as a unity gain buffer.

gmin +i + Cd SVl + (Vl - Vz )CCS = 0 """"" (1)
R,
(O ¥ G Mo ¥V, +CSV, =0 e @
R,
V
H(s)=-%
(s) V.
gmi( gmgl + gmgz )

B 1+ S[ROC:C + Rd(Cd +Cc ) + Cc( gmgl + gng )RoRd]+ (CCCL +CdCL )RoRdS

Spll » - 1
(gmgl +gmgz)RoRdCc

(unchanged)

» - Cc( gmgl + gmgz )

" RHP Zero has be eliminated.
CCCL-i-CdCL
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Actual Circuits:
O v, ® .,
—— ——
» -
I_° M I_!
j M VBIAS l-:l
Ce ! CE vV
|
| | Vv or
Ly -] BIAS
M I_l M I—O connected to the
Vv, = A A output
\Y
2
—— ——
'VSS _VSS
Cou v
l I I---—u—---o—o §
CC
Rout out
@@ ID Vl = CL+ng1
+
av,

Cgs1 May introduce a RHP zero. But usually this RHP zero islarge.

Cye isvery small.
1)1
R »(——)
gml gm2
0.V, + 2+ GV, +(V, - 8, ) (o + ) =0
Rd CCS —+CoutS
R
If i3C0uts
Rout
2
p C 1 + 1 = » CCS
¢cCs 1 * "CR,s+1
&

+Cy S
(]

ut
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V,(s)

The numerator of H(s)=
Vi(s)

IS gmi( gmgl + gmgz )(Cc RJutS+1)

b LHPZero: - —~

c  out

If Ry islarge, LHP Zero may form a pole-zero doublet with S, or S,
P very dow dew rate !!
If Ry iIssmaAll , too large gy Or g 1S required.
P (large area ,large power)
P large Co,. Freg. Resp. |
*  Somehow difficult to design.

*  Also the power dissipation of the buffer islarge. (additiona power
dissipation)

86-2.2 Adding Rc in series with Cc.

< o—

H(s)=V—2 can be solved. \Z
d

I—OW frﬂ]uency gan : Aﬁm = gmi (gmgl + gng)I%R’
-1

LHPPoles: S, @ (unchanged)
(gmgl + gng )RORICC
Spg @_ (gmgl + gng )Cc (UnChangaj)

C.C +CC +C.C,

C,C +C,C +CC
R.C,C.C

S; @

- . gmgl + gmgz )
Cc |.R (gmgl + ngZ)_ 1J

aHPG_
ERHPEZGO' =
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1 1
1. If - or =
RC gmgl + gmgz RC gm2

S, ® ¥  No effect on the frequency response of the OP.

g,.,, : second-stage transconductance

An  — AcSe
(S)@i+1_5+5pl

P1

S,, dominantpole b A,

For w>> S., Aﬁ(jw):pﬁjm—V?F’l’|Ai(jW)|:AdcvSpl

At w, , [A(iw,)

dm —P1

=1 b w=AS, =
C.
gmgl+gmgz

Lage C P S, »-
C.

+
For phase margin 45° ~60° b Sez @~ 4, Ce Gug * Gre _ 2~4
Wu C:L gmi
f — 9 @-~4, c @c, sable
gmgl + gmgz
Gain
a4
1) NMOS Relization Nﬁ dBloctave
0dB | _
Moo f o N\ log(f)
Ce _(15—_ Mc 12 dB/octave
[ ]
v, v, phase E : :
oo _log(7)
- 450 ' T
-90°
-180°
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oo = T oV, V- Vo W Ver] HNCYUWY
2 L
R =&l ¢ 1
ﬂVDS (4] Voes mcox w [2( \/TH )]
V,- V., - body effect
A _ 1
RC (RC)O_ng1+gmg2 .RCmax
E E Nonlinear R,

V2min OV V. > VZ

(negative) 2max
1 1

DesignR.: (1) Design R, st. (R), ., =

gm2 g mgl gmg2

(2) At R= Romax O Rein,
S, must be large enough ! Otherwise, frequency
performance will be degradated.
1) CMOS Redlizations :

a . Vop b . C ?
(I:IC _;l_ %C Cc _—f M.,
l 11 l l 11 J_il l J>_‘ i M
S M
Vv, vV, v, e V, Vv, -ngs v,
Consder thecasein c.:
| =0 [2( Vo Voo Vol
2
1

« mC,, W,
——— [ 2(V,-V,-V
2 L [ ( DD 2 THn )]

n



- C W 2
IDSp_ 2 L_[2(V +V THp)VDS Vs ]

_ 1
ch - mpCOX V\/p [2(\/ +V )]

2 Lp 2 ss THp
R'=(R,/R,)"=R,"+R,"
W
= 0 e v, -V, Vi )+ [,

” p

|f mnCox % — TTLCOX m
2 L, 2 L

=b

Rc-lzb[szD_ Z\/THn+2\/SS-

THp

R'

\V,=0V = g mgl gmg 2

Rc»l
A

2min

1+(C, +C_ )/ C.
Ot T Ong2
S, = S,; and pole-zero cancellation occurs.
P S3>> 351 P AimSn <SP dable
However, if the cancellation is not complete

If R=

P pole-zero doublet occurs! b dow dew rate.
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Vi )l

] nearly indep. OFf V,
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86-2.2 Feedforward compensation

Az isthe gain of the source follower

<>, Gr—

s
A= A”(O)(“Z) 1LHP zero
3 (1+i) 1 LHPpole
P
A2<0)(1-§>(1+§) 2 LHP poles
A, = S s 1 RHP zero (Co)
(1+;)(1+3) 1 LHP zero

z3 & z, are generated from the Cgys of the source follower.

\\//0Ut = A/TOT(S) = A/Z( S) + Als(s)

in

1o 51 514 S
(14 )+ )

=[A.(0)+ AL (O)]—F——

(1+F)(1+ )(1+->)

p, : dominant pole
z',z2,',z': LHP Zeros
Design consideration : Any zeros below the unity-gain frequency must be
placed as close as possible to their matching poles.
This prevents the formation of any doublet !
z,'= p, by adding CB1 and CB2(3.8pF) to control C_,+C

gsll
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Ref:IEEE JSSC , col SC-14, no.6 pp.1070-1077 , DEC.1979
Feedfoward +Miller(direct)
Ref:IEEE JSSC , col SC-15, no.6 pp.921-928 , DEC.1980
Feedfoward +Unity gain buffer + Miller
§ 6-3 Settling Behavior
VO
A +0.1%V Of +0.01%V
Y AV
Vol /G g i
0 T T To >
7 A\ y
Settling

Slewing
Period Period

Slewing Period (T9): V,, from QV to V-1,/g.: under voltage follower
connection and worse case loading.(nonlinear operation)

Settling Period (Ter-Ty):
V, from (V-1o/gmy) to £0.1%V or +0.01%V (quasi-linear operation)
Settling Time (Teer): Ts +( Tr-Ts) = dewing period + settling period.

§ 6-3.1 Single-pole case
C

+ Inp Gain
- Sta Stage
(0]
| \

o
j @ differential-input
to single-ended

i output converter

<o
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Sew rate: CHUNG-YU WU

Od_\/o :I_
dt = C

W, = g—m - gngle-pole case

u
Cc

| w l,

=92 u _W o
_ uC w
gml OX(_)

§ 6-3.1 Two-pole case

Ref |EEE JSSC vol.SC-17, no.1 pp.74-80, Feb. 1982

Ts=- Lin[1- Ig_ml(v- o) Fig.2
a

1 o 0 ml

approximation €™ @1- w,T, => eq.(19) conventiona expression
After Ts Vo= V-1/0m Input voltage = V-( V-1o/0m1) = 1o/Om1
=> enter the linear (or quasi-linear) region

Feedback Function for unity-gain voltage-follower connection

> Ns)=o s e
_ W W,
two poles S=-xw, +./x°- 1w, €a(24) X—Tn
(double negative real poles) damping ratio
x =1 criticaly damped
X <1 underdamped x > 1 overdamped
(complex conjugate poles) (real and negative pole)

X_

\/7 \/7 oy (Ce, C2>>Cy)
a/vn 24/aw 2w, 2Jg..7c
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XE1 =c = 4K €G>0
m2
W W, < 4w,  underdamped
=> W, § 4w, U W—2:2"‘4 W, > 4w,  overdamped

u

(1) Underdamped: Tseqg. (14) or (19) max.overshoot: eg.(36)

Tp €g. (35), (33) settling time: eq.(40),(39)
(2) Criticdly Damped  V(1): eq.(41)
Ter @ €9.(439)
Vi
I A 0.001
— 1
TiS T "t
(3) Overdamped Tsr: €9.(47)
Smulation & Cdculation : Fig.7, Fig.8
Vi

\

Further references:
(1) IEEE JSSC, vol. SC-18, pp.389-394, Aug. 1983
(2) IEEE JSSC, vol. SC-21, pp.478-483, June. 1986
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§ 6-4.1 Two-stage OP AMPs

Twopoles: S,,,S,,.[S,,

p2’ <<|Sp2|

If |S,,|<<w, <<|S,,|V,.(s)=9,V,(s)/sCc

mi " in

Vo (JW) _ 9,
V.(jw)  jwCc

At w=w, \ﬂzl

out

dv.

out

The dew rate SR:T =

/C =W, =w l
N« “J2uC (W /L)

w, -l - (W/L)~ P SR-

* 1 IC. 31 IC. or CL%ECCM(:IO)
dt dt

Slew rate enhancement and degradation

Vin
Vl

-

t Y,
vV, °

Vin
Vi degradation =
/
L
/" t
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(1) Positive step CHUNGYU WU

Ly, J |
off « |_>0ff |0+IW
7 M4 11
| +i, &c
‘ iD‘ "
- |l off on ||+ 1 T%
F — = —
M, Vi M, + A
. ] e
iwl ! l | -0
_VSS
- dv, () dv, (t)
I (t)=C —»~ finA 7/
L(1)=C, " @c, o~
1! : I C, <dv
V. (t)=— &Il +i )dt=—ot+w A"'indt
out( ) CC 06 0 W) CC CC OOE
= Io t+&vlu(t)
C CC
(2) Negative step
Vo
M, M, _
on | +i
Ul 7
IO IW EI:C
llo'iw ¢ Vout
;“T_on off __J' + L
M —
|\/|1 Vi M2 + Vl
. ] "]
| T ! Io -
-V
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Vout @/w

d__ 1-i _dy _ | | 1.C
—V

- —_— W — W 0~ w

pj =——<ow
dt C. dt C " (C.+C,)

dv |

out — _ o

dt C.+C

w

dew degradation

8 6-4.2 Single-stage OP AM Ps
I
C

L

SR=

Different phase margins

p different settling behavior.

|, First-stage bias current

SR of the folded cascode OP AMPs

+ Voo
| M|
pl M, F . P~ Veiast
I
visl 1
Veias2 4 * P
Ms M4 |
*f ovout
*Ip-lo T C
M, || | =
7]l I 1L Mg
Vs
[ |
L M, II: M.,
. —
'Vss
SR= 1o
C

*1f 1,=1,, we can keep Ms, M; and |, current source in saturation.
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The change of V, is not significant because the gain of the
common-source amplifier M, is nearly equal to —1. When M, is
turned on, the recovery time of V, is very short.

* If 1,< |, the current source |, is forced to linear region and Vs~
V,~ . The decrease of V, islarge. Thusthe recovery time of V,
when M, isturned on isvery long, P The settling is dow down.

How to solve this problem?
(1) Keep I,= |, as the optima design.
(2) Add clamping devices between Vpp and V(Vy)

* Voo

& &

e i R

X

In normal operation, My, and M, are turned off by setting

VooV < Vrni, Vihie.

8§ 6-5 Power supply rejection ratio (PSRR)
8 6-5.1 Low frequency analysisfor integrators

+V
° DD

wZ
¢ E £T
T3T
hZ
(@

. Vv
Coa - s A ™
x
Vin ’ =
o—-—Q—{k— M, M, i
7
S I D |
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ﬂvout Cgs ? )l 0 1 WGSI u ng 1 ﬂ|
— @——¢
Vs G &MVss ngl ﬂVss 0 G 20ms Vs

| |
CI

(o]

C ﬂlo 1 l:J_l_CgS 1 ﬂlo

out @_ gd 3 _
WD C gl ™oo zngH C 20 Voo
N £
|
Voo o—-rNT-r———”—o— ;
3 C
ad

Ref. : IEEE, JSSC, vol .SC-15, pp.929-938 , Dec. 1980.
*  Cgs/ C and Cy/ C; have astrong effect on PSRR" and PSRR.

* Smdl C, b chipareal but PSRRI .

§ 6-5.2 High frequency analysis for OP AMP'’ s
Ref. : IEEE JSSC, vol. sc-19 , pp. 919-925 , Dec. 1984.
+ VDD
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v, M , 1
/ e u
o perro 1ML Mo V| g
ﬂVo ﬂvo SWDD |V0:0 H
1.[\/DD 1T\/DD V, =0
How to calculate Vi
DD
Vl Vio
O
G

Vi(fromV,, )

PSRR+(S) @S+ GolGOZ /( ngCc )
S+ gml / Cc

where Go1=0o4 ( 9oz 1S cOnnected to the drain of Ms which is
open-circuited, i.e. rys ® ¥)

GOZZ Jos (rds7 ® ¥)
GolGozl (ngCc) < gm1/ Cc
P Low-frequency LHP zero degradesthe PSRR..
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*  Toimprove PSRR, C. must be decoupled from the gate of Mg to
eliminate the LHP zero .



