Analog IC Design :,2022-23
Lecture9
Frequency Response of Single Stage
Amplifiers
By Dr. Sanjay Vidhyadharan
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High Pass Filters
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High Pass Filters

Gain (dB) = 20 log YUl

Vin
Stop Band \: Pass Band r.:
) 0dB ' : :
Wy = == | DB ls) Frequency
RC Response
_ , , _ 1 1D 5 _
A, = Gain(jw) = ————=<stan}(=) 2 Slope =
1 +(9n)2 w & | +20dB/Decade
w
o 'i Bandwidth .
Voltage Gainin dB = 10log(Av) B !
. Phase fe(HP) Frequency (Hz)
Power Gain in dB = 201log(Av)

+90° (Logarithmic Scale)

Half Power Gain indB = 2010g(0.707)-= —3 dB

1 +45°
Half Power A, = —

V2

For w >» w, A, =1 Power Gain =0dB,p =0 -

Frequency (Hz)
For w = wy4, = \/—‘; Power Gain = —3 dB, $ = 45°
For < w, Slope 20 dB/decade forw << w, ¢ = 90°

10/1/2022

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



L_ow Pass Filters
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L_ow Pass Filters
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Amplifier Transfer Function
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Direct-Coupled (DC) amplifiers exhibit low-pass.characteristics — flat gain from DC to w
Capacitively coupled amplifiers exhibit band-pass characteristics , attenuation at low frequency
due to impedance from coupling capacitances increasing for low frequencies Gain drops due to
effects of internal capacitances of the device

Bandwidth is the frequency range over which gain is flat BW = w, -w, = wy (wy >> w))
Gain-Bandwidth Product (GB) — Amplifier figure of merit GB = A,,wy,

where A,, is the midband gain

It is possible to trade off gain for bandwidth
10/1/2022

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



High-Frequency Response
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High-Frequency Response

We can express function FH(s) with the general form:

_ (1 +5/w,, Xl +5/@,, ) B (1 +.8/@,,, )

F(s)=+L
#(5) (1+5/@, N1 +5/@,,) - (1+8/ @, )

Where o, and o, represent the frequencies of high-frequency poles and zeros

The zeros are usually at infinity or sufficiently high frequency such that the numerator 2> 1
and assuming there is one dominant pole (other poles at much higher frequencies), we can
approximate the function as... 1

FH (S) - Wy = Wp,

(1+ s/ ), )/

— This simplifies the determination of the BW or o,

If a dominant pole does not exist, the upper 3-dB frequency o, can be found from a plot of
|F,(jo)|. Alternatively, we ean approximate with following formula (see S&S p593 for

derivation).
1 | 2 2
a)H =1 5 + 5 e — = 5
wPI 'Q)P_? @Zl Q)Z2

— Note: if oy, is a dominant pole, then reduces to o, =o,,
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Open-Circuit Time Constant Method

The approach:
* For each capacitor:
— set input signal to zero
— replace all other capacitors with open circuits
— find the effective resistance (R,,) seen by the capacitor C,
+ Sum the individual time constants (RCs or also called the open-circuit time

constants) .
bl = ZCfRfU
i=l
* This method for determining b, is exact. The approximation comes from using
this result to determine w. 1
Wy = nif

Z Ci Rr’n
i=1
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Miller’s Theorem

L=Y(W,-V)=YV,(1-13 /%) 1, =Y(V,-V,)=YV,(1-V,/V,)

I, =YV,(1-K)
I, =YV,
Y, =Y(1-K)
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L, =YV,(1-1/K)
12 = Ysz
Y,=Y(1-V/K)
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High-Frequency Response of CS Amp
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High-Frequency Response of CS Amp

Find the RC time constants associated with C4 and C in the following circuit

gd

A .
. :!' A,M:&:_gm(RLHro)

+ TinVos
Ryllr, V.

1

Replace Cgy4 with an open-ckt and find the resistance seen by C

RS
AW e p _VYw_p
+ ImVgs + K frvr '
Vist Itst RLI | fo Vo k
T, =R, C,=RC,
Replace Cg, with an open-ckt and find the resistance seen by C4
| v, +v
R, list [ =—vy R C— + as 1st
M | @ o st gs / 5 I;sz g m Vgs RL ” ro
4 —Vist + 9Vgs + .
Vas Ryl Vo Rgd = v:‘sr /IIS( = (RL H ro)+ ngS‘ (RL ” rr:? )+ RT
l z-gd = Rgdcgd = [(RL H ro )+ ngs (RL || ro)—l_ RS‘ ]ng
12
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High-Frequency Response of CS Amp

Summing to two time constants yields oy

1

Tos T T
1

Rscgs +[(RL || ro)-l_ngs(RL ” r())-i_RS]C
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WOy
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High-Frequency Response of CS Amp

Redraw the high-frequency small-signal model using Miller's theorem

RS
MY °
+ ng( 1 +g mHLl:I gmvgs +
Vi Vg s.: _C gs I /71':: R, Yo
- Cyll1+1/(g, R, -
—_— ng
L \ - 9y !f - w w
ICT
— Assuming a dominant pole introduced by C , in parallel with C
1 1
|_C + C l + g m RL I)JRS CT Rs
— Miller multiplication of C_, results in a large input capacitance
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High-Frequency Response of CS Amp

SYC;,(:’(V -V ) -gm fess +V;e_ELS:) 4 4 4 - 4
1— §
— VO(S):_AO gm;'fcgd
v.(s) 1+s[R.C, +R.C,,(1+g,R, ) *CyR,'|+5°C,.C R R,

— The exact solution gives a zero (at a high frequency) and two poles
— Notice that the s term is the same as the solution using the OCT method
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High-Frequency Response of CE Amp
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Frequency Response of CG Amplifier

VCS_tst

ICS_tst = R—S + (9m + gmb)VCS_tst

VCS_tst _ 1

ICS‘tSt Ri + (gm + gmb)
S

— Atthe input (source node) , _ Cs
’ ]‘a"lllfR_c +g m + g mb

— At the output (drain node) r, =C,R,

IIC":’d
J_ 1
= -(gm+gmb)v1 '(gm+gmb}vx
= Cys —Cg, $> — Ry
Rs CD=ng+Cdb
+ - -
vV, —/} Csb - CS:Cgs+Csb
- -
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Frequency Response of Source Followers

Rs
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Frequency Response of Source Followers

*  Other important aspects of a source follower are its input and output
impedances (since they are often used as buffers)

» Let's calculate the input impedance using the high-freq small-signal

models
| 1
Zm=—+{l+ f J
sC,, $Cy ) & +5C,

*  Now calculate the output impedance (ignoring g,,,, for'simplicity)
RsC, +1

N g, +5Cg_\_

— Atlow frequency, Z , = 1/g,,

— At high frequency, Z_, = R

auf

— Shape of the response depends on the relative size of R and 1/g,,

|ZouL| IZDut'
™ ™
1/g

m
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Frequency Response of Cascode Amplifier
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Frequency Response of Differential Amplifier

R, ™ T R, (oo
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o T

— The response is identical to that of a common-source stage
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Frequency Response of Differential Amplifier
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Thankyou
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