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CS Amplifier With Input Source Impedance
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CS Amplifier With Input Source Impedance (1)

DC Picture
VDD

Ibias

Vpias1

AC Picture

A'v = —g9m1 - T01||T02

C?Z — Lgsl

Ro — T01||T02

Co = Cap1 + Capa + Cyg2 + Cp,
C'c — ngl
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CS Amplifier Analysis (1)
C

% + v2:5Cgs1 + (Vo — Vout)$Cga1 = 0 (1)

(V2 — Vout)SCya1 + Gm1Ve + Vour (Ry 1 + sC,) =0 (2)

Yout (g) = (sCgd1—gm1)Ro
Vin RSRO£S2+[RS(1+gm1RO)CQd1+RSCQSI+RO(ng]_—'_co)]s—'_]- (3)

where é- = CQ'SI Ogdl + Ogslco + nglco
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CS Amplifier Analysis: Zero

Numerator: (Sngl — gml)Ro =0

— dmil RHP zero
wz ngl
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CS Amplifier Analysis: Poles (1)

Denominator:  (s) = (wsj+1) (i—l—l) _ +( L 12)3+1

Wp2 WplWp2 Wpl Wp

For |wp1| < |wp2|

D(s) m o5— + 2= +1 (4)

Wp1Wp2 P

Dominant pole by equating coefficient of ‘s’ in Eq. (3) and (4)

_ 1 |
wp]' o RS(1+gm1Ro)qu1+Rscgsl+Ro(ng1+C’_oj|

Miller input cap Extra term due to the
output node
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CS Amplifier Analysis: Poles (2)

Non-dominant pole by equating coefficient of ‘s’ in Eq. (3) and (4)

11
WPQ - Wp1 R;R.§
_ 1 1

Wp1 R:R, [Cgs]_ ngl"‘Cgleo"‘nglCo:

R (1+gm1 Ro)cgdl + R Cgsl +R, (ngl‘_l‘co)
RsR, [Cgs]_ ngl +Cgslco+cgd1 Co_
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CS Amplifier Analysis: Poles (3)

If Cgsl is very Iarge: RsOgsl > Rs(]- + gmlRo)ngl + Ro(cgdl + Co)

w —
p2 R:R, [Cgsl ng1+cgslco+cgdlco]
— Xscgsl
%Ro [Ogsl ngl +Cgslco+€m'l'€'o]
Wpa R 1
p2 R, (ngl +CO)

Extreme case only when C,, is
very large
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Pole Splitting: Dominant Pole

. 1
Pl ™ R.(1+gm1Ro)CetR.Cya1+Ro(CetCo)

0y

W _ 1
p1|cc=0 - Rscqsl+RoCo

_ 1
wp1|oc>>ogsl o Rs(1+gmlRo)Cc+Ro(Cc+Co)
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Pole Splitting: Non-Dominant Pole

R (1+gm1 RO)CC+RS C’gsl + R, (Cc‘l‘co)
Rs Ro [Cgsl Cc ‘l‘cgleo ‘I‘Ccoo]

wpz =

W Rscgsl‘l‘RoCo ~ 1 _|_ 1 ~ 1
p2|CC:0 o RSRO[CQSICO] ~ Rngsl ROCO ~ ROCO

w ~ Rs(gmlRo)Cc+Ro(Cc+co) ~ Rs(gmlRo) ~ gdm1
P2|Ce>C g RsRo[Cysy CctCeCo] RsRo[Cysy +Co] — [Cgsy +Co]

~| 9m1 __ 1
wp2|cc>>cgsl ~ Co _gmlRO (ROCO)

Second pole pushed to higher frequency by g, ,R, for a large value of C_
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Pole Splitting: Non-Dominant Pole

Cc=0 Cc=C,>>C,;
Wpy 1 1
R;Cys1+R,C, Rs(14+[A4|)Ce+Ro(Ce+Co)
w ~ 1 ~ g —
i ~ R.C, N e = gmlt (R c, )

w, dm1 gdm1

ngl C’c

A
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Miller Compensation/Pole Splitting Summary

C

gmlvin

A, (1—-=22)
Vout (S) — Wz
Vin 5 +1 5 4+1 — 1
(""pl ) (sz ) wp]- R, [C1+(1—|—gm2R2)Cc]—|—R2 (C2+Cc)
Ay = gmiRi1gmaRo I~ RlR &
ma2iroit] U
w, = +952
Do B R1(14gm2R2)C.+R1C1+R2(C.+Cs)
p2 = R1Rs [Cl CC+CZC2+CCCZ]
Wun = Aval — gén'cl ~ gm2Cc X dm?2
C1C.+C2C2+C.Co Co
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Pole Splitting Simulation (1)

Rs = 100e3;
gml=1/Rs; gm2=150e-6;
R1 = Rs; R2=2.22e6;

— * . — * .
C 1 _2 3 . 3 fF 4 C 2 - l pF 7 Pole-Zero Map . 10_3 Pole-Zero Map
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See Matlab file CommonSourcePoleSplitting.m
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Pole Splitting Simulation (2)

Bode Diagram

100 T Ty T T T T T Ty T
Rs = 100e3; = 50 _
gm1=1 /RS,’ ) 0 _\ Pole-Zero Map
[0) r 7 ' ' ‘ ‘ ‘ ' ' '
gm2=150e-6; E} o1t
R1 = Rs; 5 -50 i
R2=2.22e6; 2 100 - g
o
— * . ] ;
Cl=23.3 fF, 150 L L I i 0 b xx ........................................................
C2=1*pF,‘ 180 T T B i
Cc= 2*fF; 5 %-o.os
8 9 1 £
8 Phase Margin o
®
c 0r il
5 4 3 =2 4 0 1 2 3 4 5
Real Axis (seconds™) x10°
o e ¥ B T YT R S S R S S U R S S PP S S W v
10% 108 108 1010 102

Frequency (rad/s)

See Matlab file CommonSourceFreqRespl.m
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Pole Splitting Simulation (2)

Bode Diagram

100 Ty T Ty T T Ty T
Rs = 100e3;
gm]_:l /RS ’ %’ 50 Pole-Zero Map
— — . [0 1 . . .
gm2=150e-6; s ol
R1 = Rs; < o6}
R2=2.22e6; S 50 g 0o |
C1=23.3*fF; § oo |
-100 ® oo O
C2=1*pF; 180 12 ’ i :
-0.2 B
Cc=200*fF; = S04
8 90 £ el
:; 0.8
@ A AR
i 0 -1-2 -1 0 1 2 3 4 5 6 7 8
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104 108 108 1010
Frequency (rad/s)

See Matlab file CommonSourceFreqRespl.m
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Miller Compensation with Zero-Nulling Resistance

gmlvin

_ 1
e

I9m?2

1

W, — 0Q, RZ:QE

e Standard Miller compensation technique with zero nulling-R

* The RHP zero is pushed out to infinity
* Additional parasitic pole added at a higher frequency

Universityofldaho

College of Engineering



Two-Stage Amplifier Simulation

Bode Diagram

100
gm1=20e-6; .
m
gm2=808-6; % 0r Pole-Zero Map
1 : .
R1 = 4e6; R2=0.5e6; 3 08|
c
C1=40*fF; C2=1*pF; § -100 | _oe
Cc=250*fF; A
RZ=12.5e3; -%gg T T T T%’ 0fF X X X
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See Matlab file TwoStageFreqRespl.m
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