L ecture 21

Frequency Response of Amplifiers(l)
COMMON-SOURCE AMPLIFIER

Outline

1. Intrinsic Frequency Response of
MOSFETSs

2. Frequency Response of Common-
Source Amplifier

3. Miller Effect

Reading Assignment:
Howe and Sodini, Chapter 10, Sections 10.1-10.4
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Summary of Key Concepts

« f; (short-circuit current-gain cut-off frequency)
— figure of merit to assess intrinsic frequency
response of transistors
 In MOSFET, to first order

f,=

2pt

— wheret; isthe transit time of electrons through
the channel

« In common-source amplifier, voltage gain rolls off at high
frequency because C,, and C4 short circuit the input

* In common-source amplifier, effect of C 4 on bandwidthis
amplified by amplifier voltage gain.

 Miller Effect isthe effect of capacitance across voltage
gain nodes magnified by the voltage gain

— trade-off between gain and bandwidth
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1. Intrinsic Frequency Response of MOSFET

How does one assess the intrinsic frequency response
of atransistor?

f, © short-circuit current-gain cut-off frequency [GHz]

Consider aMOSFET biased in saturation regime with
small-signal source applied to gate:

Vpp
| ip=Ip*iout
ic=i;
Vs (~)
VGG
= v

viatinput P i, atoutput : transistor effect
P i, a input : due to gate capacitance

I out

Frequency dependence: f-bP i,- P
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Complete small-signal model in saturation

. C imjt
Iln] G.I. Igld >
. + 11 D
s () Vg TCos  Damvgs O Imbvbs S o
3 > Cdb —~
Vphs — Csh
*
B
Vhs=
i lout
— ! C' 2
+ +
s (~) vgs T Cis  Domvgs

Node 1: iin - jWCgngs - jWngVgs =0
b iin = jW(Cgs t ng )Vgs

Node2: gy - 9, Vg HJWC 4V =0

b iout = (gm B jWng )Vgs
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Current Gain

ot _ Im ~ IWC,
h, =-*

| J C +ng)

n

Magnitude of h,;:

\/grzn +W2C3d
W(Cgs + ng )

‘hm‘ -

L ow Frequency, w<<g_rn

od
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|h21| » W(Cgs + ng)

High Frequency,W>>§—rn

Cd
Cy +Cy

‘h21‘ »
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Current Gain (contd.)

Ig [hz21] ,

1
‘”T\
Cgd

CgstCd |

In,,| becomes unity at:

_ 9
w, =2pf_ = 4
T T Cgs+ng
Then:
P "
T
2p(Cgs + ng)
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Current Gain (contd...)

Phase of h,:
L ow Frequency, w<<§—m
od
foo»- P
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od
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Physical Interpretation of f;:

Consider:
1 CgS +ng C

S
» 9

2pf; O O

Plug in device physics expressions for C s and g,;:

2

1 » Cgs — gLWCOX _ L
2pf W T 3V..-V
Pt I TnCOX(VGS_ VT) ma GSL !
or
1 L L

— :tT

»
prT rr(Echannel > <Vchannel >

t © transit time from source to drain [S]

Then:
1

2pt ;

fT »

f: gives an idea of theintrinsic delay of the transistor:
Good first order figure of merit fro frequency response
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Frequency Response of MOSFET
How do wereducet, and increase f;?

L : trade-off cost

(Vgs—Vq) - P 15 : trade-off power
m : hardtodo

Note: f isindependent of W

Impact of bias point on f:

wn“:ox (VGS B VT) \/2¥n‘coxl D

_ Om _ L _
fo = . — , \ — . \
! Zp(Cgs + ng ) 2p(cgs + ng ) Zp(Cgs + ng )
fra T a
0 - 0 »
VT Vgs 0 In

In atypical MOSFET at typical bias points: f; »1-25 GHz
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2. Frequency Response of the Common-
Source Amplifier

VDD

) lisup

signal source

L el ] signal
| Rs | If‘j * load
|

| voUuT % Ry

L ow-frequency voltage gain:
Vo _ _ .
Av,LF = =- gm(ro //roc Il RL)_ B ngout

S
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—Wh |
+ + +
Vs (~) Vgs ——Cgs (L) Omvgs §Ruut' Vout
Nodel: Vs~ Vs - _
SR JWCQS gs JWng (Vgs - Vout)_ 0
S
. Y
NOde 2 - gmvgs +JWng (Vgs - Vout)_ R+Ut - O
out
Solvefor v in2:
1
wC  +——
Loy TR,
gs out -
JWng - On

Plug v in 1 and solve for v, /v

out
A - - (90 - IWC, RE,
' o é el oLK
1+]WR,|C, +Coudl+ RE - +0, Ty~ WRARE.C,C,
1 é s 2

Check that for w=0, A, | ¢ = -0, R o
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Simplify

1. Operate at w<<w, =—9m
C,..+Cy

b gm>>W(Cgs+Cg)>WC wC

gs’
2. Assume g, high enough so that

i'|'g ))g
R m m

S

3. Compare w? term in the denominator of A, with a
portion of the w term:

W'RsR¢,C.C, _WCy <1

WRCy,R$Gn O

Then:

A _ngg%Jt
" 1+jwR Jc.+c ita.Re]

This has the form:

A

Vv,LF

A, (W)=

1+jﬂ
WH
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Amplifier Frequency Response

Ig |Ay] 4
ImRout’ -1
op g Ig
Atw=w,
AV,LF
‘AV(WH )‘ - \/E

W, gives an idea of frequency beyond which |A, | starts
rolling off quickly b bandwidth

For the common source amplifier

1
W., =
" RS[Cgs+ng (1+ngg%Jt )]

Frequency response of common-source amplifier
limited by C and C, shorting out the input.
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Amplifier Frequency Response (Contd.)

We can re-write as;

1 \1

o RS[CQS +C9d (1+‘AV,LF‘)J

To improve bandwidth,

* Ci Cyy P smdl transistor with low parasitics
* |A, el P donotusemoregain than necessary

But...
Effect of C 4 on w,, isbeing magnified by 1+ | |A, ¢

Why???
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3. Miller Effect

In common-source amplifier, C, looks much bigger
thanit realy is.

Consider asimple voltage-gain stage:

lin C
—} . I

Vin -FGD (>+ Awin  Vout

2

What is the input impedance?

I, = (Vin = Vout )JWC

In

But
V.. =-A V.

out vV " In

Then:
i in = JWC(1+ Av )Vin
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Miller Effect (contd.)

or

v, 1
Zin — .|n =-
i jwC(1+A)

n

Looking in from the input, C appears bigger than it
realy is. Thisis called Miller Effect.

When a capacitor islocated across nodes where thereis
avoltage gain, its effect on bandwidth is amplified by
the voltage gain b Miller Capacitance

Why?

Vi, - P Vout:_AvVin__ b (Vin_ Vout)__ b iin__

n

In amplifier stages with voltage gain, it is critical to have
small capacitance across nodes that have voltage gain.

As aresult of the Miller effect, there is afundamental
gain-bandwidth trade-off in amplifiers.
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What did we learn today?

Summary of Key Concepts

f; (short-circuit current-gain cut-off frequency)

— frequency at which the short circuit current gain
becomes 1.

— figure of merit to assess intrinsic frequency
response of transistors
In MOSFET, to first order
1
2pt -
— wheret; isthetransit time of electrons through
the channel

In common-source amplifier, voltage gain rolls off at high
frequency because C,, and C4 short circuit the input

In common-source amplifier, effect of C, on bandwidthis
amplified by amplifier voltage gain.
Miller Effect isthe effect of capacitance across voltage
gain nodes magnified by the voltage gain

— trade-off between gain and bandwidth

f,=
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