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Announcements

e Reading
» Razavi’'s CMOS book chapters 3 & 6



Agenda

e Common-Source Amp Frequency Response

e Open-Circuit Time Constants (OCr)
Bandwidth Estimation Technigue



Common-Source Amplifier:

Low Freguencx Resgonse
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Common-Source Amplifier:

High Frequency Response

o Small-Signal Model (Assuming Vg, is AC gnd)
H—C Cgm
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After some algebra, we get v, " I

the exact transfer function: v~ 1isa+s%
where
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Common-Source Amp Frequency Response

M2

I-T—|I':

Ve C
R: C. gdl
in I - gmro (1_ S J
I% é El " Exact Transfer Function : -2 = Iy

V, 1+sa+s’b

For the common case when the two poles are real and far apart

2 2
Denominator D(s):[l—iJ[l—ijﬂ_{ 1 .1 j+ S g5 48
) )

@ @, W, O, 1@ p2 @

1 1
Thus, o, =-—=-

a Rin[ gsl + ng1(1+ gmlro )J+ ro (ngl + Co)

and the transfer function can be approximated as a single pole system
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Open-Circuit Time Constants (OCr)

e QOpen-circuit time constants technigue can be used to estimate
bandwidth

* Much easier than deriving transfer function
» Accurate for systems with one dominant pole
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Denominator: b s"+b s"'+...+bs+1

All - Pole Transfer Function :

Here bn=ﬁfi and blzzn:ri
i=1 i=1

A Dominant - Pole System can be approximated as
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Open-Circuit Time Constants (OCr)

Circuit with

Circuit with .
no capacitors

no capacitors

o [Karsilayan]
k C4 ok

e To compute time-constants

1. Compute effective resistance R,, facing each kth capacitor with
all other caps open-circuited

2. Form the product 1, =R, C,
3. Sum all n “open-circuit” time constants
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Common-Source Amp w/ OCrt

o Small-Signal Model (Assuming V, is AC gnd)
- H—C Rn Cgm
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Common-Source Amp w/ OCrt

o Small-Signal Model (Assuming V, is AC gnd)
H—C Cgm

I"I
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(1) 1 = GnVga +

m gsl

(2) Vg =—13R
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Plugging (2) into (1) and solving for Y20 720 = (Rin {1+ 9o )+ 1, )Cous
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Common-Source Amp w/ OCrt

I\ZI 2 Small-Signal Model (Assuming V, is AC gnd)
- H—IC n Cgm
R . CL ve
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Common-Source Amp w/ OCrt

o Small-Signal Model (Assuming Vg, is AC gnd)
H—C c
! n gd1
Rin | C'— " .
one | @#W‘—E 1: Vgs1 Cgs1 9m1Vags1 Fo2 —|—CL+Cdb1+Cdb2+ng2—co
3 Time Constants: 7,, =R, C_,, 7,, = (1+g,r)+r,)C g1 T30 = LG,

n

bl ZT| _Rngsl + (1+ gmro )+ I’-0 )ngl + roCo

1 1
b_l R C +(Rin(1+ gmro)+ro)ng1+roCo

in™~gsl

a)h ,est -

Exactly the same as what we derived in Slide 6!
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Common-Source Amp w/ Large R,

\F'F—'E e Example: Using common-source
—  t+—w output stage in a 2-stage OpAmp

Rin Co
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with R, >>r,
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e Dominant pole is formed by input resistance times
transistor C,, and Cgd which has been multiplied by 1-A,

* Cgq(1-Ay) Is called the Miller capacitance
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Common-Source Amp w/ Large R,

\F'F e » What about the second pole?
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Assuming that the Miller Cap, C (1 + g,r, ), dominates

nggdl
+C G, +C i,
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Common-Source Amp w/ Small R;.

\F'F—'E » Example: Source-follower driving
—  t=—-w the common-source amp

Rin L
Igias % Vi E 1:
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B V_I 1+ S(Rin [Cgsl + ng1(1+ gmlro )J+ ro (ngl + Co ))
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with r, >> R,
Vo - gmlro
Als)=—=
(S) v, 1+ sro(ng1 +C0)
= 1
. ro(cgdl +Co)

e Dominant pole is formed by output resistance times output
capacitance plus transistor Cgd
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Common-Source Amp w/ Small R;.

\F'F e » What about the second pole?
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Common-Source Amp Frequency Response
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Next Time

e Single-Stage Amplifiers (cont.)
e« Common-Drain
« Common-Gate
e Cascode Stage

e Differential Pairs
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