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(a) (&)

Figure 7.14 (a) CS stage with degeneration (b) small-signal model.

mg 1 —————
ompute the voltage gain of the circuit shown in Fig. 7.15(a) if A = 1),

RD ERD
I"Irc-ut Vout
Vine—] M, Vine—] M,
1
-[I M gmiJ_
(a) (b)

Vop
Rp
v
RG ot
Rs

Figure 7.16 C5 stage with gate resistance.

m 7.9 |
ompute the output resistance of the circwit in Fig. 7.18(a) 1f A/, and 1/, are identical.

{ Rout ; Rout
Vhb—l M1 |||;I roq
1
1
M L
2 f gm” o2
(a) ()

Figure 7.18 (a) Example of CS stage with degeneration, (b) simplified circuit.



. . |
eternmune the output resistance of the circuit in Fig. 7.19(a) and compare the result with that in
the above example. Assume 1/, and )/, are in saturation.

+ Rout + R out

VIJZ ._I M-' III;I _EE I'oq
1

"'I'I:H -_I ME f oz
(a) (b)

Figure 7.19 (a) Example of CS stage with degeneration. (b) simplified circuit.

With 1ts gate-source voltage fixed, transistor .1/, operates as a current source, mtroducing a re-
sistance of ;- from the source of 1/, to ground [Fig. 7.19(b)].
Equation (7.71) can therefore be wrnitten as

Ao = (1 +9mron)ros +ron (7.76)
= gmiToror +ron. (7.77)

Assuming g, 70 & 1 (which is valid in practice), we have

Fowt &= gmio1"oz- (7.78)



7.2.5 CS Core With Biasing

The effect of the simple biasing network shown in Fig. 7.1 1s similar to that analyzed for the bipo-
lar stage in Chapter 3. Depicted in Fig. 7.20(a) along with an input coupling capacitor (assumed
a short circuit), such a circuit no longer exhibits an infinite input impedance:

]j FDD ﬁ VDD ——r FDD

Ry = D
» v,
C1 ot EG C.‘ out RG C1
II"-in:bl M 1 I"‘rino_'lll.\'lll'_l M 1 lIIII-i|'|:-;‘_|"l|'l'|'“'n—| |—4'_|
R R, R R|_—R2 =
in

(a) (&) (c)

Figure 7.20 (a) CS stage with input coupling capacitor, (b) inclusion of gate resistance, (c) use of bypass
capacitor.

]| ==

fin = My Ha. (7.79

Thus, if the circuit 15 driven by a finite source impedance [Fig. 7.20(b)]. the voltage gain falls to

- I]Jl I]J: l]JJ?
- He + Hy Ra L
D

. (7.80)
+ K 5

7.3 Common-Gate Stage

Shown m Fig. 7.21. the CG topology resembles the common-base stage studied in Chapter 3.
Here, if the mput rises by a small value, A1 then the gate-source voltage of A} decreases by
the same amount, thereby lowermg the drain current by g, AV and raising 1, by g, AV 8y,
That 1s, the voltage gain is positive and equal to
Voo
Rp
Vv,

out
M, J—V \Dutput Sensed

Vin at Drain
Input ﬂ.pplied/

to Source

Figure 7.21 Common-gate stage.
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(b)

Figure 7.25 (a) CG stage with gate resistance, (b) output resistance of CG stage.

m E 1 —————
of the circuit shown in Fig. 7.26(a), calculate the voltage gain if A = () and the output impedance

if A = 1.

-|- Vﬂ‘ﬂ

%‘.RD

(2)

(b) (®)

Figure 7.26 (a) Example of CG stage, (b) equivalent input network, (c) calculation of output resistance.



7.3.1 CG Stage With Biasing

Following our study of the CB biasing in Chapter 5, we surmise the CG amplifier can be biased
as shown in Fig. 7.27. Providing a path for the bias current to ground, resistor [ lowers the mput
impedance—and hence the voltage gain—if the signal source exhibits a finite output impedance,
He.

Figure 7.27 CG stage with biasing.

7.4 Source Follower

The MOS counterpart of the emitter follower is called the “source follower™ (or the “common-
drain” stage) and shown in Fig. 7.28. The amplifier senses the input at the gate and produces the
output at the source, with the drain tied to 1',;,. The circuit’s behavior 1s sinular to that of the

bipolar counterpart.

—
Vina'_l M1
Input Applied Vout
to Gate fn'- \ Output Sensed
= at Source

Figure 7.28 Source follower.

' |
source rollower is realized as shown m Fig. 7.30(a), where 1/ serves as a current source.

Calculate the voltage gain of the circuat.
Voo I
Vine—l[s M, Vie I, =04
Vout Vout

Vo[- M, f"oz

(@) (b)
Figure 7.30 (a) Follower with ideal current source, (b) simplified circuit.



SeC. 7.4 SOuUrce Folower

Figure 7.31 Output resistance of source follower.

Figure 7.32 Source follower with input and output coupling capaciftors.

Summary and Additional Examples

Sec. 7.5

Vpp
c, ®

=
a7 >
Vin—| M, Cy Vin—

I_n Vom

¥

Figure 7.33 Source follower with biasing.

m P 1
ate the voltage gain and output impedance of the circuit shown i Fig. 7.34(a).

Voo
I"Illlil'l|:)_| M.1
lIIII-ll:llll‘l
VoI, M, -|:| M,
(1)

Figure 7.34 (a) Example of CS stage. (b) simplified circuit.



@ F 7 2 o —
ute the voltage gain of the caircuit shown in Fig. 7.35(a). Neglect channel-length modulation

m . Vop "
M 1
3 F om0
I""Iin‘:'_l M, Vin{’_l My
ln",:,“-t Vour.
e R f" 02
(a) (b)

Figure 7.35 (a) Example of C5 stage. (b) simplified circuit.

m 7.21 L |
etermune the voltage gain of the amplifiers illustrated in Fig. 7.36. For simplicity. assume
ron = oo in Fig. 7.36(b).

Vop Voo
Vine [ M, Voz =—IF M,
I"'IrI:ru't VOI.IL
VoI, M, Vs o[ M,
Hg

=Rg
li"'rin‘:’—I

b
@ (b)
Figure 7.36 Examples of (a) C5 and (b) CG stages .

mg 1
ate the voltage gain of the circuat shown in Fig. 7.37(a) if A = 11,

(a) (b)
Figure 7.37 (a) Example of a composite stage, (b) simplified circuit.



e circuit of Fig. 7.38 produces two outputs. Calculate the voltage gain from the mput to V'

and to X . Assume A = [ for A/, .

Voo

Voo
Vo= M,
Vout
Vine—[, M, M3
(a) ®) ©
Voo
M,
Rp
I"‘ID-I]T
Vine—[,, M,




Figure 7.62

Figure 7.63
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Figure 7.73
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Figure 7.80

Figure 7.56

Figure 7.87
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