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Review: CD with Current Mirror
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Review: CD with Current Mirror
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Review: CD with Current Mirror
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Capacitors in MOS Device
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C,, = C (area+ perimeter) junction

C,, = C,y(area+ perimeter) junction
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Common-Source Voltage Amplifier

v Small-signal model:
L | 3R C,, 1s connected to gnd
y l : on both sides, therefore
Cy J Vout can be ignored
C
Rs —C bdb Can solve problem directly
? I: ] ey by nodal analysis or using
Vin(. I ) (s T > Y4 \9 2-port models of transistor
=/ Y <gs C
L mw OK if circuit is “small”
(1-2 nodes)

We can find the complete transfer function of the circuit, but
1n many cases 1t’s good enough to get an estimate of the
-3dB bandwidth
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CS Voltage Amp Small-Signal Model

\ Two Nodes! “Easy”
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Frequency Response |

KCL at input and output nodes; analysis i1s made complicated
L/-DC 50\(/1
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Low-frequency gain: Two Poles

v =g,[nIR](1-/0)
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Calculating the Poles "6
_a

é\bm‘,v\ﬁvx\’ \70\@ 'DCJA'MA]/,\I// %
N

L 1 “
R{C, +(1+g,R,,)Co}+R.,C T

out ~ gd

Usually >> 1

/ —

Results of complete analysis: not exact and little insight

These poles are calculated after doing some
algebraic manipulations on the circuit. It's hard
to get any intuition from the above expressions.
There must be an easier way!
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Method: The Miller Effect
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The Miller Effect

| . [ﬁj“
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Vin — A Vout ¢V: - lﬁ pc SONV\
)

Zin
= Derive input impedance (assume gain of amplifier £ A):
go Vo o Ve Vel | Z= 5E
Tt (Vi =Vow)/Zp Ve — AV, 1-A
" Consider the case where Z; is a capacitor

1 1 N [~
21 = sC = din= s(1-A)C & C@facl
= For negative A,<i:|;ut impedance sees increased cap value

= For A =1, input impedance sees no influence from cap

= For A > 1, input impedance sees negative capacitance!
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Using The Miller Effect

Prof. Rikky Muller

" Notice that C_, is in the feedback path of the common
source amplifier

= Recall Miller effect calculation: C;, = (1 — A)Cyq

. . . r
Effective input capacitance:
1 1 1 1
Cin = = . =
.]a)CMiller 1 - Av,ng -]a)ng w [(1 - Angd ) ng ]
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CS Voltage Amp Small-Signal Model

Modified Small-Signal Model with Miller Effect:
o lds g

/(‘,_(/.

ImUgs ¢ % To//ﬁzl/ /%ﬁ

Coniller= ([ A) (ﬁc{ B

We can approximate the first pole by using Miller capacitance
This gives us a good approximation of the -3dB bandwidth aff oK

(1/3 CC?;C/M\“/B _\/_ — (ifa//lzt)
/’:—ES ] 4"23<65€+CV\)S (”o = am
C. ms 8 \cz, Wo ~ ES(C%S"Q'
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Comparison with “Exact Analysis”

Miller result (calculate RC time constant of input pole):

(— A
-1 /
W, = R, [Cgs + (1 + ngom)ng]
_S I
Cmiller
Exact result:; /7 ~

a;@= RS[CgS +(1+g,R, )ng]+R;ngd

out

...

(owraR.

As a result of the Miller effect there 1s a fundamental
gain-bandwidth tradeoff

- /
D goin = ~Gm(Go IR = mgm B K g
g s Css + B (] *gnbor q@?
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Common Drain Amplifier “o.rc

/
. ,JC, f/ovJefl
< re
DO (esV \{/. \ SN O)/lr \ Calculate Bandwidth of the
o " Common Drain (Source-
Vb Follower)

.
%:%(;/ Procedure: /

W I . 1. Replace current source with _~
§ L’l—o & MOSFET-based current mirror
s (a5 ™ 5. Draw small-signal model with

Voias.Q \IQ@ roc capacitors (for simplicity, we
L will focus, on Cyq and Cy)
= 3. Find the D€ small-signal gain [,/
4. Use the Miller effectto ™!
calculate the input capacitance

5. Calculate the dominant pole
Dbt e
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Two-Port CC Model with Capacitors

EE 105 Spring 2017
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CU({tv\k
-Find DC Gain

-Find Miller capacitor for C -- note that the gate-source
capacitor is between the input and output!
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Voltage Gain Across C, |

Write KCL at output node:
V
outr  _ —_ —_
_gmvgs _gm( in out)
r\\r
ol||l oc
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Vout +gm =gmvin /
iy /__k;
o|| oc
Vo~ & | &%)
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e
r \r
oll oc \
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Compute Miller Effected Capacitance

Now use the Miller Effect to compute C. :
Remember that C, is the capacitor from the input to the output

t v no"’ —f’“'["-r . V
Coa & — er Co-
GA (— M Cin = ng + CM

L
Cys 4>gmvgS = - Ci”l = ng + (1 - Angs )Cgs
( Y
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V4 T AR AT 1L
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Bandwidth of Source Follower

Input low-pass filter’s =3 dB frequency:

w.' =R, C, + Ca
P T g ()

Substitute favorable values of R, 7

R, =1/g, r,>1/g

C
-1 ) ;
~(1/ g C + 8 =C ./ g Very high frequency!
@ ( m)( s 1 4 B]G) 847 3m _ Model not valid at

/ these high frequencies

University of California, Berkeley
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Some Examples

Common source amplifier:

AvC od = Negative, large number (-100)
C ller - (1 - AV,C i )ng = 10()ng
8

Mi

Miller Multiplied Cap has detrimental impact on bandwidth

Common drain amplifier:
A = Slightly less than 1

vCgs
= ()
“Bootstrapped” cap has negligible impact on bandwidth!

@ . — University of California, Berkeley
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