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Miller Effect
¢ Miller’'s Theorem
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Example 1

¢ Calculate the input capacitance Cin:

Cr
1

1 sC I—[::l\—l * >
Z=—0o Z, =—"F ~x L |
SCF 1+ 4 Cin z, z,
=) C, =C(1+A4) T w
v, .
Av= V_ should be calculated at the frequency of interest.
X

To simplify calculations we usually use low frequency value of Av.

Miller’s theorem cannot be used simultaneously to calculate
input-output transfer function and the output impedance.
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Association of Poles with Nodes

As m ut1 Ry N ut2 Ry p -l,-‘
. P ouk
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v
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1+sR,C,
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Association of Poles with Nodes

As m ut1 Ry N ut2 Ry p -l,-‘
. P ouk
" — I Cin I Cy I Cp

Vout (S) —_ Al A2 1
V., 1+sR,C,, 1+sRC, 1+sR,C,
1 1 1
o= w, = w; =
RSCin RICN RZCP
3 poles:

each determined by the total capacitance seen from each node to
ground multiplied by the total resistance seen at the node to ground
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Example 2

e Calculate the pole associated with node X: i

The total equivalent capacitance seen A . Loy
from X to ground: C,=C,(1+ A) " :, X

The pole frequency: W, = ! = !
R,C, R,C.(1+A4)
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Example 3

¢ Neglecting channel length modulation,
compute the transfer function of
the common gate stage with parasitic capacitances

Parasitic capacitances at node X: C; =C, + Cg,

Input resistance of a 1
common gate amplifier: R, =——— Vin
gml + gmbl
1
Pole frequency at node X: (@, = "
(CGSI + CSBI{RS /" J
gml + gmbl

Parasitic capacitances atnode Y: C, =C,; +C,,,

Pole frequency at node X: (@, =
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Example 3 (cont.)

Low-frequency gain of a common gate stage
neglecting channel length modulation:

— (gm+gmb)RD
" 1+(gm1 +gmb1)RS

The overall transfer function is given by:

Vou (8) _ A,
= | V.(s) S e s
@, @i

Note that if we do not neglect r,,, the input and output nodes
interact, making it difficult to calculate the poles.
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Common Source Stage

Neglecting channel length modulation and
applying the Miller’s theorem on C,,, we have:

The total capacitance at node X:
Cy=Cgs + (1 -4, )CGD

Where, Av = _gm RD

The 1st pole frequency:

o . =
7 RS(CGS+(1+ngD)CGD)

The total capacitance at the output node:

Cou =Cpp + (I_AV_I)CGD =~ Cpp +Cop

1
R, (CDB +Cop )
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The 2nd pole frequency: w,, =




Common Source Stage

The transfer function:
Vo (8) _ -8R

Val5) [1 + SII + SJ
1) @,

pl

r, and any load capacitance can be easily inciuded. )

Sources of error (approximation):
« we have not considered the existence of zeros in the circuit

o the amplifier gain varies with frequency
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Common Source : "exact " Transfer Function

To obtain the exact transfer function:

Ceo
—
Hs R x = . %
Tl e B N i
¥in Cas ¥y Gm¥x Coa Ap
! T ks I
E -: = - = =
Applying Kirchoff Current Law (KCL):
M"'SCGSVX +SCGD(VX _Vout): 0
V. =0

[ out
D

s
SCGD(Vut _VX)+ngX +(SCDB +RLJ
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Common Source : "exact” 1st pole

After some manipulations, we get:

Vou _ (s Cop =8 )RD
V RREs™+ [RS (1+,Rp )Cop + RyCop + RsCos + Ry (Copp + Ci s +1

with &= CisCop + CosCpp + CipChp

Writing the S S 52 1 1
denominatoras: D=|1+ 1+ = + + s+1
1 2

wp wpl

Assuming ‘wpl‘ << ‘a)pz‘

1
Ry (1 +g,R, )CGD +RCop +RCis + R, (CGD +Cpp )

=) w, =

Compare this result with @, calculated using Miller’s Theorem
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Common Source : "exact” 2nd pole

Vou _ (s Cop =8 )RD
V RREs™+ [RS (1+,Rp)Cop + RyCop + RsCois + Ry (Copp + Cip s +1

with &= CosCap +CosCpp + CipChp

2
having D= 5 +[1 + ! ]s+1
2

wplwﬂ wpl a)p

and = !
7 Ry (1 +g,R, )CGD +RCop +RCis + R, (CGD + CDB)

then o ,= L
RsR,¢ @,
= |, = Rs(1+g,Rp)Cop + RyCos + Ry (Cip +Cpy)
2
’ RyR,(CisCop + CosCrs + CopCos)
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Comparison between “exact” and Miller’s theorem

1st pole: exact _ 1
a)pl =
If R (CGS + (1 +g,.R, )CGD )+ R, (CGD +Cpp )
R, (CGD +Cpp ) 1
is negligible  Miller | ' R(Cys+(1+g,R,)C,p)

2nd pole: exact W .= RS (l + ngD )CGD + RSCGS + RD (CGD + CDB )
2
' RS Ry (CGS CGD + CGS CDB + CGD CDB )

) R
if Cog >> (l+ngD )CGD +R_D(CGD + CDB)

S
~ CGS

@, =
R, (CGS CGD + CGS CDB + CGD CDB )

1
. a,, =
Miller | 72 R, (CDB +CGD)
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Common Source : transfer function zero

After some manipulations, we get:

V ou _ (s Cop—8&n )RD
V RR,Es™+ [RS (1+,Rp )Cop + RyCop + RsCos + Ry (Cop + Cpy s +1

in

W, = En
Con
FBD‘

Feedforward Rp i

Path Vour

¥,

Vour i

As
Main L wpl g2 wz o
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Source Follower

High frequency equivalent circuit

Applying Kirchoff Current Law (KCL)
at the output node: sC.JV,+g, V,=sC,V,

out

at node X: M"‘SC@(V +V)+sC. Vi =0

out
RS

out(‘s) gm+SCGS
V., (s) S(CGSCL +CssCop + CpC,, )52 + (ngSCGD +C, +Cg )S +g,
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Source Follower Input Impedance

V,= Ly (1 +g’”1X
X
§Csg SCGS !,, ¢aa| l

Input Impedance:

= |Z, = ! +1+2g’"
sCee  sC, s°CyC,

_gm

Note the negative resistance: >
o' CyC,
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Source Follower Output Impedance

Neglecting C,,

a8 - e
Vin i}t mcu,,% cusl v, ymh:. = r ::G,-]- v, gm¥s
: = . Vous 4';-
T™ %
Applying KCL o @
sCusVi+g, V. +1,=0 Iz;:|

;_1+SCGS(I/1_VX)=O 1om

S w

Output Impedance:

7 - sCuRs +1 Z,,.increases with frequency
M sCuet g, =5 It contains an inductive component
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Source Follower Output Impedance Equivalent Ct

Equivalent circuit of source follower output impedance:

o

at w=o = Z =R +R,
at w=0 = Z =R,

Sl{l-i-lj-i-l
R R, - 7 _ 5CysRs +1
out

SLR,
=0 4R Z =
bosL+ R, 2 = : sL L sCes + 2,
Rl R2 R2
1
- RIZ(RS_LJ Rl L:%[RS_LJ
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Differential Pair

Voo
Ap Ap
¥ingo—| = Vina

Vi o—{[ a1y

Vaun

Differential inputs:
same as common source stage
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Differential Pair

Common-Mode inputs:
Low frequency A4.,, with M1-M2 mismatch:

AngD
(gml + 8 )ros +1

High frequency A, with
M1-M2 mismatch:

Ag, (RD // lj
sC,
Aey =

1
o (gml"'gmz{rm//st"'l

P

where C,=C,;;+Cpp +Cg +Cg;,
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