EE 40: Summer 2006 Instructor: Octavian Florescu

Small Signal Practice Problem Solutions

Notice, for the scope of EE 40, the solutions here ignore the Vbs and g,
Intuitively, you can assume ro to be 0.5 M Q (high) while nE is around 0.5k Q (low).

m

(a) Ry, and Rg omitted for clarity.

= Fin =@
T |
rout = (_) // rol
m2
ch_z M; gm2Vs: ro2  r,is high; thus, voltage in
= r,., 1s low; thus, voltage out
Vs, €Rout Hence, amplifier is best characterized
— ® by a voltage amplifier.
Rin->
.__
Var gm Vs
rol
M,
J;‘VSJ
(a)

(b) Notice M; is a PMOS, so current is gm;Vsgi

Rin¢ VS] rol +( 1 // RL)
_ ng ~ rol _ 1
RS rin - ~ -
gml : rol gml ' r()l gml
gmVsg rol 1
Ml routz_ // (rol+RS+gml.rol.RS)
VG[ — ng

1 1
<Rout = Ve & ——
Vs ' Em
r,, 1s low; thus, current in
r, . 1s low; thus, voltage out
M, gm:Vsc: —,,2 out T g _
R, Hence, amplifier is best characterized
by a transresistance amplifier
L L
Vo: = =
(b)
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Rin—> gmj VSG ] rol
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o< Rout
Vo>
J?__ gmzVas: ro2
M,
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(d)
L
M3
gms; VSG 3 r03
<Rout
e
Rin=>
._
gmVs; rol
M;
M2 gm) VS(;Q § ro2
L
(d)

Viy =

routz(rol+RX+gml'rol'RX) // 7"02

The lowest that 7 , can be in value is

-
when R, =0. Hence, r,, > E"
r,, 1s high; thus, voltage in

7. 1s high; thus, current out

Hence, amplifier is best characterized
by a transconductance amplifier

v, = 0

1 1
ruut = ru3 // (rol + +gm] 'ru] ’ g )
m2 m2

F zrzﬁ // (2'7"01)

out

r,, 1s high; thus, voltage in
r,.. 1s high; thus, current out
Hence, amplifier is best characterized

by a transconductance amplifier
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(e
= rol+(r02+r03+gm2‘r02'r03) // RL
’}II =
gml : rol
gmsVsas ro3 The value for 7, depends heavily on
R, . Let’s assume that R, <<7,.
Hence,
gmngc;g r02
<Rout
@gmz Vési § rol %RL
Rin
L
Ry =
rutz(rol+RS+gml 01 R ) // ( +gm2 02 7"03)

The lowest that 7,,, can be in value is when Ry =0. Hence, r,, 27,

r,, 1s low; thus, current in

7. 1s high; thus, current out
Hence, amplifier is best characterized by a current amplifier

®
+  ne=
1 1 1
M3 rout = // (rol + + gml ) rol _)
gm3Vses ro3 gm2 m3 m3
1
Vour ®——
ng
Rin->
~— r,, 1s high; thus, voltage in
gm VSGI rol
M, r,.. 1s low; thus, voltage out
&Rout Hence, amphﬁer‘ is best characterized
y by a voltage amplifier
M2 gszGSQ ro2

L
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M;
gm; VSG 3 r03
e
— o

Rout

gmVsg § rol
M2 ngZVGSZ § r02
N

z I2

(h)

<+

gms3 VSG 3 r03

&

Rout

gmg VGS] § I‘O]
gm; VGSZ § I‘OZ
N

A

Rin=>

I
<>

M;

M,

<>

=00
1
1 7"01 +—
rout = // ng
ng gml ' ro]
1 1
Yo ®—— I —
gm3 gml

r,, 1s high; thus, voltage in
+« 18 low; thus, voltage out

Hence, amplifier is best characterized
by a voltage amplifier

r

ry =
rout :7"03 // (rol +V02 +gm1 "’01 .r02)
rout z7/'03

r,, 1s high; thus, voltage in
7. 1s high; thus, current out

Hence, amplifier is best characterized
by a transconductance amplifier
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L
M;
gm; VSG 3 r03
Rin=>
._
gmVs) rol
M;
6. Rout
M2 gm) VGS W] r02
L
Reference

Meghdad Hajimorad (“Amin”). Year 2004

=0
r,+r 2-r
ol 03 ol

rout 7"02 // 7"02 //
gml.rol gml 7"01

2
Four &
gml

r,, 1s high; thus, voltage in
7. 15 low; thus, voltage out

Hence, amplifier is best characterized
by a voltage amplifier

% Original version for EE 105 Midterm Review.

Bill Hung. 16 August 2006

& Simplified and added-picture version for EE 40 Final Review
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