Problem 1

In order to determine whether r, and r 6 are “small” or “large,” the following values
will be used for the small-signal parameters of the transistors

_ 2-1, _ 2-(250uA) —2mS
Vpsar (250mV")
gmb = 03 ’ gm = 6OOIUS
=L 1 = 40040
A1, (0.01)-(250u4)

Em

Also, in calculating analytical expressions for 7, and 7, , it will be assumed that the

out ?

input source has a source resistance of R and a load resistance R, has been applied.

(a)

r, =

F= (Y U, =384Q [ 400KQ ~ 3840
gm2 + gme

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

out

Hence, amplifier is best characterized using the voltage 2-port model

1 -g,
Av ="8m (— // rol)z—l
Em2 +gMb2 Em2 +gmb2
(b)
1
Pyt (———— I/ R,)
r, = ——Sm2 " Sun ~ Lol L SR P et
(gm1+gmb1)'rol (gml +gmb1)'rol gml +gmb1
1 1
rout: // (rol+RS+(gm1+gmb1)'rol'R5)z—:384Q
gMZ+gmb2 gm2+gmb2

r,, 18 low; thus, current in
7. 18 low; thus, voltage out

Hence, amplifier is best characterized using the transresistance 2-port model
1
R =——
gmr T &2
(©)
T =0

rout=(r01+RX+(gm1+gmbl)'rol.RX) // 7'02



S

The lowest that 7,,, can be in value is when R, =0. Hence, r,, > Lo =200k

> Tout —

[\

r,, 1s high; thus, voltage in
7,.. 1s high; thus, current out
Hence, amplifier is best characterized using the transconductance 2-port model

G gml

" R
T+ =54 (g, + &) Ry

ol

(d)
Vg =0
1 1
rout=r03 // (rol+—+(gm1+gmbl)'rol'—)zr03 // (2';/'01)=267k£2
m2 T &mp2 82 T 82

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

Hence, amplifier is best characterized using the transconductance 2-port model
One can use the transconductance formula derived in part (c) here, but noting that

Rl
gm2 +gmb2
G _ gml ~ gml :gml
" 1+ 1 + (gml +gmb1) 1+ (gml +gmb1) 2
(&2t &mp2) Tt (&2 + &) (&2 + &)

(e)
P+ Ty 703 + (o + &pa) Ta T3) 11 Ry

T =

(&1 + &) T
The value for 7, depends heavily on R, . Let’s assume that R, <<r, . Hence,

(&1 + &) T
rout =(7"01 +RS +(gm1 +gmb]).r01 RS) // (7'02 +r03 +(gn12 +gmb2).r02 ‘7"03)

in

The lowest that 7,,, can be in value is when Ry =0. Hence, r,, > 1, =400kQ

> Tout —
r,, 1s low; thus, current in
7, 18 high; thus, current out

Hence, amplifier is best characterized using the current 2-port model
A =-1

1



r :L /l (rol+L+(gm1+gmb1)-rol-L)zL=5OOQ

out
m2 m3 m3 gm2

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

Hence, amplifier is best characterized using the voltage 2-port model

_gml _gml 1

4, = e :

1+ 1 +(gm1+gmb1) ' 1+ 1 +(gm1+gmb1) ng

}"01 ‘gm3 gm3 rol 'gm3 gm3
(8)
r, =
1 ity 1 1
=/ Em v 2y

gm3 (gml+gmb1)'rol gm3 gm1+gmb1
r,, 1s high; thus, voltage in
r. . is low; thus, voltage out

out

Hence, amplifier is best characterized using the voltage 2-port model

1 1
A, =—S8n oy By
1+ 1 1+ 1 Ems 8w T &
ng '7"01 gm2 .rol
(h)
Vg =

rout = ro3 // (rol + roZ + (gml + gmbl ) ) rol ) roZ) ~ ro3

r,, 1s high; thus, voltage in

7,.. 1s high; thus, current out

Hence, amplifier is best characterized using the transconductance 2-port model
One can use the transconductance formula derived in part (c) here, but noting that
R

x =T -

m

| 4 02

(& T &) Ta

ol



v+, 2-r, 2

v ~
(&mi T &) Tt & T &

out

=7, /I /]

= roZ

(& + &) T

r,, 1s high; thus, voltage in

r,., 1s low; thus, voltage out
Hence, amplifier is best characterized using the voltage 2-port model

A _ gml . ~ gm] . 2
v out ~
1_‘_7‘073 1+r073 (gml+gmb1)
v r

ol ol



