L ecture 23

Frequency Response of Amplifiers(l11)
OTHER AMPLIFIER STAGES

Outline

1. Frequency Response of the Common-
Drain Amplifier

2.  Frequency Response of the Common-
Gate Amplifier

Reading Assignment:
Howe and Sodini, Chapter 10, Sections 10-5-10.6
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Summary of Key Concepts

o Common-drain amplifier:

— Voltagegain» 1, Miller Effect nearly completely
eliminates the effect of C (bootstrapping)

— If Rgisnot too high, CD amplifier has high bandwidth
e Common-gate amplifier
— No Miller Effect because there is no feedback
capacitor
— If R__isnot too high, CG amplifier has high bandwidth
R R, affect bandwidth of amplifiers.
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1. Frequency Response of the
Common-Drain Amplifier
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Key features.

 Voltagegan»1

e Highinput resistance

e Low output resistance
P Good voltage buffer
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High-frequency small-signal model
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Bandwidth

Compute bandwidth by open-circuit time constant
technique:

1. Shut-off all independent sources,

2. Compute Thevenin resistance R;; seen by each
capacitor C, with all other C’s open,

3. Compute open-circuit time constant for C, as

t, =RC,
4. Conservative estimate of bandwidth is:
W, » 1
H o]
at
i
First, short v
Cos
+ 'H":gls = +
Rs é Cgd - O amvgs — Cdb % RL' vout
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Bnadwidth (contd.)
Time constant associated with C
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Solvefor v, in 1 and plug into 2.
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Bandwidth (contd...)
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Time Constant associated with C .
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Bandwidth (contd....):
Time Constant Associated with C,:

—— *Vgs - 1
It
Rs % ) gmvgs é Rl O ‘:‘t
tie
gm % RL O ":Et

Rap :i//Rﬂ:: RE

O 1+g,R¢

RC
i =Cq - 1+gLR¢
m° ‘L

Notice:

R, =R /IR,

out
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Bandwidth
What isthe bandwidth?

1 1

RE

L +tgd+tdb C RS+R9:+ngRs+C

®1+g,R¢ P1+g,R¢

|f the back-gate is not connected to sour ce:
VoD

signal source

I{—=V55

signal
load

+

(¥) isup vnm% RL
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Bandwidth
(backgate not connected to sour ce)

Small-signal equivalent circuit:
G Cﬂd D
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vgs —Cgs  Odmvgs L gmbvbs Mo

e S — i Lc
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vs O Vbs — Csb %rﬂc RL= vout
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Bandwidth
(backgate not connected to sour ce)

C4 Sshows up at same location as C, before, then
bandwidth is:

1
CRs+C

W|_| »

Rs+R@#
S +
“1+g,R¢

RE
®1+g R¢

Simplify:

« CD amplifier is often used for driving low R, from
highRs P Rs>>R, ", and

1
W, »

e 0 ¢
RS gs +ng i+CSb RL
S1+g,RE 5 ®1+g,RE

m

o CD amplifier stage operates as a voltage buffer with
A, »1bP g,R >>1, and
1
ng RS + C_Sb
O

Since C and 1/g,, are small, if Rgis not too high, w,
can be rather high (approaching w;).

WH »
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What happened to the Miller Effect in the
CD amplifier?
1

WH »

CuvcC, RE

e
R L +C,=
Kleg,RE U5 “*1+g RE

Miller analysis of C

__9REO 1
1+g,R¢y “1+g,RE

Cg=C, (- A,)= cgsgi

agree with above result.

Note, sinceA,® 1,C ® 0.

Seein circuit below:

lin C
]
Vin _“D (5_- Awin  Vout
CM :C(l_ Av)

If A,»1P C,, »0: bootstrapping
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2. Frequency Response of the
Common-Gate Amplifier
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Key features.

e Currentgan»1

e Low input resistance

e High output resistance
P Good current buffer
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High-frequency small-signal model

d
G i CIQI D «
Vgs =Cgs  (Dgmvgs (1 Gmbvbs % fo
S -
— Cdb % foc
isD Rs % vbs T Csb
+

Vgs=\'b5

(Gm+9mb)Vgs

O

o \
VWS

is (D Rs é Vgs — Cgs+Csh

+

— Cod+Cab % roc//R =R’

Frequency analysis: first open i
{gm+gmblvgs
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Time constant associated with C:

{9m+gmblvgs

tit o

Rs O w SR

{Im+ambivgs

©

it 1‘ Mo
+ VWS

w SR

Do not need to solve:

e Testprobeisin parallel with R,
e Test probe looks into input of amplifier P seesR, |

Ry, =R IR,

And:
1:1 = (Cgs +Csb)(RS// Rin)
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Time constant associated with C,:

@m*'gmb)\fgs

©

(Gm+gmblvgs

ey
Ry ‘

h &

Rs % loc O T‘Vt'

Again, do not need to solve:

e Testprobeisin paralel with R,
e Test probelooksinto output of amplifier P seesR!

RTZ = RL // Rout

And:
1:2 = (ng +Cdb)(RL //Rout)
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Bandwidth of CG Amplifier

1
e (Cgs +Csb)(RS// Rin)+ (ng +Cdb )(RL I ROUt)

No capacitor in Miller position ® no Miller-like term.

Simplify:
 Inacurrent amplifier, R¢>> R,
R =R IR, » Ry » e » :
gm +gmb gm

e At output:

} é e
RT2 = RL //Rout = RL //I’OC//_I'_ r0é|_+ ngaém +0,, +£C|1:'H
T é roéldf;

or
R, »R /Tty //{ro[l"'ngs]} » Ry

Then:
1

(Cgs + Csb )i + (ng + Cdb )R L

9

W, =

If R, isnot too high, bandwidth can be rather high and
approach w;.
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What did we learn today?

Summary of Key Concepts

e Common-drain amplifier:

— Voltagegain» 1, Miller Effect nearly completely
eliminates the effect of C (bootstrapping)

— If Rgisnot too high, CD amplifier has high bandwidth
e Common-gate amplifier
— No Miller Effect because there is no feedback
capacitor
— If R__isnot too high, CG amplifier has high bandwidth
* R R, affect bandwidth of amplifiers.
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