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e (S Stage (contd.)

* CS stage with Degeneration Resistor R,
e Common Drain (CD) Stage

e Common Gate Topology

e Cascode Configuration
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Quiz—-6

Q: For the CS Topology, find the poles and zeros using Miller’s
Approximation, OCTC, and Exact Analysis.
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Common Source Amplifier (contd.)
Analysis using Miller’s Approximation

Vaudk

ST Sl BT
e = = = == i/a/_i
; T el J % B

Ca :(1_ A\/)CGD :(l"' ngI'_)CGD Ce :(1_ A\/_l)CGD ~Cep

Therefore the poles are:

1 1 1
Wy = = ~ '
RsCin  Rs(Cos +Ca) Ry (CGS T (1+ gn R )CGD)
I S S
™ RII_Cout RL (CL + CB ) RL (CL T CGD )
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Common Source Amplifier (contd.)
Then the transfer function is given by:

V -g.R
H — _out — m' ‘D
(5) =2 (5)

] / in 1_|_i 1+i
When R§ is large w, @,
and C, is small

\ w,, dominates, and the transfer function becomes:
H(5) = In"o_

. m H (s) = — v
(l+;) @\Dominant
d Pole

J [Mz Cin :CGS +CGD(1+ ngL)]

1
27C. R

[3-dB Frequency: f,

The main error in this expression is that the presence of zero has not
been considered
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Common Source Amplifier (contd.)

Analysis using OCTC Method
* Considering only C. > open other capacitances and short the voltage

sources and open the current sources
* For Rgg we get:
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Common Source Amplifier (contd.)

* Considering only C;, - open C; and C,
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Common Source Amplifier (contd.)

* Considering only C, - open C;c and C,

Thus, the effective time constant: 7, =Cg Ry +CopRep +C R

Therefore the 3-dB roll-off frequency is:

Provides a better
estimate than Miller’s
approximation
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Common Source Amplifier (contd.)

Exact Analysis
* Miller’s Approximation and OCTC Technique provides insight about the

impact of various capacitances on the high frequency response of

amplifier
 However, for simple circuits its imperative to carry out exact analysis
os ~ Vou) = G
- oo
ey ,-\'
e

43~ | CL i
30 SC\ Vgs

KCL at the drain: sC, (V -V

out

) 0, Ve +VR°“t +sC,V

L
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Common Source Amplifier (contd.)

e vV,
KCL at the drain: sC__ (Vas =Vo ) = 9, Vs + Rt +sCV., .)

L

-V, 1+5(C +Cqp )R,
gnR. 1-(sCqp/9y,)

KVL at the gate:

= IiRS +VGS

in

KCL at the gate: ™, =sC.Vys +5Cqp (Vgs —V,

V., =V [1+ S(Cqs +Csp)Rs ] SCep RV,

V. —(9.R)[1-5(Cep / 9,
:\;Utz ( 1)£5A+(SZGBD )} Where,

A=|Ceq +Cop (1+9,R )[Ry +(CL +Cep)R,
B=|(C_+Cqp)Ces +C,Cep |RsR,
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Common Source Amplifier (contd.)

Observations

* There exists one zero -» not known through the approximate
analysis

« 2" order denominator [D(s)] = presence of two poles

* There are three capacitances - why only two poles and one zero

Poles Determination
 Ass = 0, the transfer function approaches:

DC Gain

 Let and w_, be the 2
D1 P2 D(s)=[1+ij[l+ij=1+s( L + L j+ >
5 )]

two poles then:

a)pl a)pz a)pl a)p pla)pz
S g2
* If w,, is dominant then: D(s)=1+ - n —

pl p1™p2
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Common Source Amplifier (contd.)
* Now, equating the coefficients:

1
L [CGS +Cqp (1+ ng'L)] Rs +(C, +Cqp R0

1
T (G +Coo)Cos +C.Coo JRR,
_ [CGS +Cqp (l+ ng'L)] Rs +(C, +Cqp )R,
. |:(CL +CGD)CGS +CLCGD]RS RL

—y 1))

Very similar to the pole determined using OCTC method with the
only addition being R, (C;, + C,)
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Example:

Voo
R.=50 Ohms C,=27.51 fF, R=60 KOhm
1=2.0 um Cap

*l Vﬂl.lt
A,=15 R
S X
lNY b M-l CL

f =4.65GHz v, é" = Coc I
f =699MHz L L % ¢




1D

Indraprastha Institute of
Information Technology Delhi

ECE315/515

Transfer Function

30

20

10

(o —
= = =

Voltage Gain, (W)

[HN]
-

-40

-a00

-0

Miller

Approximation

-

Freguency, (Hz)




R

Indraprastha Institute of
Information Technology Delhi

ECE315/515

Transfer Function

Yoltage Gain, (V)
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* There exists one zero given by: Eozl = g m]
GD

 This zero results from the direct coupling of the input and output
through C, at high frequencies
* the capacitor provides a feed-forward path

438 SR S e 1 Y D e b e
R R R R L R

Only at high
frequencies

ERE L A s

Main 'l' opl ©p2 0z

ey

. Path
It results in a slope in the | /

frequency response that is less
_ negative than -20dB/dec D
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Common Source Amplifier (contd.)

* In high speed applications, the input impedance of the common source
stage is extremely important

At high enough frequency, we can derive

1
[Z‘” [Cos +(1+ ngD)CGD]s]

But at extremely high frequencies where Miller’s approximation
doesn’t give appropriate performance, it’s a must to take into
account the contribution of output node




Indraprastha Institute of
Information Technology Delhi

1D

ECE315/515

Common Source Amplifier (contd.)

Voo For simplification, C has
Canf A v /-\ been ignored
out
M, ICL

Using small signal model:
Ix V, _ 1+Ry(Cep+Cpy)s
v, t Iy CepS| (1+9,Ry +RCy5) |
- Therefore: [
Z, = Xe ||\i]
GS IX
.
At extremely high frequency
Vop
Rp /\
Vout "This is the case when CqpiS very high\
‘ | _r -> provides a low impedance path
|—> M, ICDB bet d
L etween Gand D

J

zin
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CS Amplifier with Source Degeneration

\
B We know,
e, Yo [ROUt =T |:1+(gm +gmb)Rdeg]]
o by
Vin CQ% Gm = gm
-b&]. \ 1+(9, +gmb)Rdeg

* To determine the effective time constant, use OCTC by
considering one capacitor at a time.

+ Consider Cg, first: Ry, =R (1+G,R )+R ~ Where, R =R IR

out

* Then Consider C;: R, =R_[IR,, =R,
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CS Amplifier with Source Degeneration (contd.)
R, +R

deg

r
1+(gm +gmb)Rdeg( > J

* Finally Consider C;: Ry =

r+R,
* Now, the effective time constant: Ty =CosRas +CepRap +C Re

* For relatively large Rg the contribution of C R, in open circuit time
constants (t,) will be largest.

112

1
_ o f
= 7, =CepRep H 27C¢ Ry,

Comment
* If Ry, is increased - the mid-band gain A, will decrease -> this

causes reduction in Rgp - as a result f, increases

e As GmRL >>]1 and GI‘!‘IRS>>1 the RGDEGmRLRS :|AM|RS
term R, can be approximated as:
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Gain bandwidth product (f,.| A,,|) remains constant for fixed
R - however other capacitances make it variable
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Common Drain

\ Strong interaction between XY,
making it difficult to associate
each pole with each node

gm +CGSS /

H(s)=
Rs (CesCL +CasCop +CenCi )™ +(9,RsCop + C, +Ces )5+,
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Common Drain
0, +CqsS
FCesCop +CenC.)s" +(9,RsCsp +CL T3 J5 o

2
D= i+1 [i+1 = > + 1 + 1 s+1
@y @y, O Wy @y,

l Dominant Pole

O, ~ In = =
" 0nRsCop +C\ +Cg; R.Cqp +%

__ On
If, Rg = 0: then [a)pl C, +Ces]
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Common Drain Amplifier (contd.)

Input Impedance
Voo
Ix V, = x +(|X+9m|x]( 1 | 1 ]
M1 CGSS CGSS gmb CLS

L J_ o Vout , V1 +[1+ gm] 1
1 ICL "ol Cys CseS )0, +C,S

IX CGSS gmb gmb

>|C, s
Equivalent Input C, _ ImCes ' , Oy > [C. ]
) gm+gmb

Capacitance :
\J Can also be obtained

using Miller’s Theorem

V 1 1
At relatively low frequencies: Z,, = [1+ I ]+ 7~ )
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Common Drain Amplifier (contd.)

At high frequencies:
1 1 \

| +—+
" Cus C5 CuC,s’ Oy <|C.$

Negative
Resistance

must be some positive
feedback at the input node

could be useful in
oscillator design
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Common Drain Amplifier (contd.)

Output Impedance The body effect and C; yields an impedance in parallel to
the output - lets ignore this for now
lns
l i l + i —Iy =ViCsss+0,V,
- CGS V1
T L7 Z, _ R.CeSs+1
Iy o I, g, +CsS
KVL

Vx
At low frequencies:
V,C, SR +V, =V, = Expected

At very high frequencies: 7 -R {—— [Due to the fact that CGS]

shorts the Gand S
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Common Drain Amplifier (contd.)

This is required considering that CD works as
buffer and its purpose is to lower the output
impedance i.e., (1/g.) <Rc

The output impedance increases with frequency € clear
indication of the presence of inductive element
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Common Drain Amplifier (contd.)

Output Network — first order model

1
i . , =— At low
This Ensures In frequencies

“_1_

Z,=R, Atvery high
frequencies

\JRZZ_ R1:R_i
S
O

* For the determination of L, equate the Z, expression to that of Z_,

-S(n-2)
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Common Drain Amplifier (contd.)

(L_ [ L
P

Its apparent that if a CD stage is driven by a R, then it exhibits
inductive behavior at the output

It has detrimental effect on the output characteristics

Rg
Vin o—W—I[5 ¥, For example, the
I ‘ .._l_o V1 m ringing problem in
@ T c, step response
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Common Gate Amplifier Very important: no Miller
multiplication of capacitances

Primary factor for providing wide-band
performance

-1

Doy = [CDRD] D CD = CGD | CDB

1
H <_Cs :CGS ”CSB

] |
58
|
1
O
(9p]
A/
A0
w
@
3
+ |~
©
=




R

Common Gate Amplifier (contd.)

Indraprastha Institute of ECE315/515

Information Technology Delhi

* If we consider channel length modulation - not easy to associate a
pole to the input node - direct analysis of the network is needed to
determine the transfer function

 The low input impedance of may load the preceding stage

* The voltage drop across RD is typically maximized to obtain a
reasonable gain, therefore the dc level of input signal must be low

* CG stage with relatively large capacitance at the input - possesses low
output impedance = good for cascode configuration
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Cascode Stage

Why do we need cascode stage?

 High input impedance — good in a sense that it doesn’t disturb the
previous stage and doesn’t get affected by the previous stage
* High gain — important any way!
* Relatively higher output impedance — doesn’t disturb the succeeding
stages
* How about freq response?
* Provides a broader bandwidth of operation ->due to CG stage (no
Miller approximation of intrinsic capacitor) - it was the initial
motivating factor for cascode stage!!!
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Cascode Stage (contd.)

Capacitance at node A:
Cgs, in parallel with (1-Ay,)Ccp4

Where A, is given by: __ 9m
gmz + gmb2

I:.I.M1 T Cos * Csez With assumption that R, is small
ICGS1 = - and the channel length
= g modulation is negligible

For equal dimensions of M; and M,: A,, approximately equals 1 -
therefore C gets multiplied by a factor of roughly 2 both at node A
as well as at node X - much smaller multiplication factor as
compared to a single CS stage
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Cascode Stage (contd.)

1
Therefore the pole associated with @) p = ]
RS |:C681 + [1+ & ]CGD1:|

node A is:

gm2 + gmb2

Capacitance at node X:
2Cgpy + Cppy + Copy + Cos,

— gm2 + gmb2
2CGDl + CDBl + CSBZ + CGSZ

Therefore the pole associated with node Xis: @,

Capacitance at node Y:
Copz + € + Cgpy

1
Therefore the pole associated with node Y is: W,y =
o RD (CDBZ +CL +CGD2)

* Do you have any control on the choice of poles?
* Yes - through selection of appropriate devices
* Usually w, , is chosen very high - to obtain better stability
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Cascode Stage (contd.)

* Instead of R, - if a constant current source is used - what
happens? = do the designer have control on the choice of poles?

How about output impedance?

If we ignore C;,, and the capacitance at the
node Y then:

Zout — (1+ gm2r02 + r02

= ol || (CXS)_1

!

Z . contains a pole at (r,,C,)*

!

Z . falls above this frequency
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Differential Pair

Equivalent Half
Circuit CL
> -l-_l
Vimo—IL M, Mzr_-"—" Vin2 Vin,cm o—}
M,
Similar to CS

\ . Stage

Problem with CMRR

4

To minimize voltage headroom consumed by M; - its width is
maximized - increases the capacitance contribution by M; -
higher capacitance at the source of M; and M, -> degrades the
differential gain of M, and M, at high frequencies - reduces the
CMRR at high frequencies




