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Solution for 1

(a) To determine Y we first need to know the current through. Mhis is the current
through M minus the current throughM

2
— 1 W VDD _ VDD —
I b _ENPC“(TMT top\j (1+\/1p\7 = 115mA

_92mA

los = 1oy = o ~115mA = 345mA

Now we can find the value ofp\&s \bp minus the source-gate voltage of.M

2l 5

W V
IUPCOX(LJS(]'-'_ |/]P|;D)

V, =V, Vg =3-15=15V

Vs = +NViop| =15V

Answer: Vy is 1.5 V to make the output bias levejpy2.

(b) We find the ratio of g; to gns.

1
Iy = Elun/pCoX(W/ L)(VGS _Vto)2 (1+/]n/pVDS)

dl / N
m dVD :\/Zlun/pcox(W/L)l D(l+/]n/pVDS)
GS

O _ \/ H,CoW/L) 1 011+ AVos1) _ \/ 200x84x 46 (L+0)

Ons | 2,CorW/L), 1 os {1+, V) | 50X120x 345 (L+ 01x15)

Answer: The ratio gh1/gms is 1.8.

Solution for 2

(a) Small-signal model:
VOUt

g mZ(Vy'Vx) lo2

Vy
(b gmlvin lo1 gm3Vx I’03//R’D
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(b) Find the DC gain.

KCL at Vy:
V —
gmlvin +— r gmz(v -V )+ out g (gmz +_+_)\/ - ngV + out
ol 02
(1)
KCL at V:
= _gm3(r03 IRy, )vx 2
KCL at Vout:
V. . -V \V/ 1
ng(Vy _Vx)+M =0=>-—*+ ngVy = (ng +_)vx (3)
02 r02 r02
(2) in (1):
gmlvm +[gm2 +—)V gm29m3 03 IR )\/ + r::t (4)
= gmlrol 0 + [(1+ 1+ gm3( 03 IR ))gmz 02 )r + r.02 - r.01\/0ut
(2)in (3):
V., 1 1
oL — /IR = — V, = V 5
r02 gm29m3(r03 D)vx (ng + r02 va = X 1+ (1+ gmg(ros // RD ))gm2r02 out ( )
(5) in (4):
gmlrolrozv [( + (1+ gm3 (ro3 // RD ))ngroz )rol + rOZ]Vout — rolvout =
1+(1+ gma(roa // RD ))gmz 02

gmlrolr02[1+ (1+ gm3(r03 // RD ))ngrOZ]Vin - r Vout

Y/

\;UI = _gm1r01[1+ (l+ gm3(r03 // RD ))gmzroz] = _gmlrol |:gmzroz [gm3(ro3 // RD)

n

Answer:
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Solution for 3
(a) Apply half-circuit analysis

Vx Vout

Vol Vo2 Vo3 Foq CI

. Vv ~g
AtV Vin + + V,=0=> X =_ Sm2 1
X Im2 (9de +9d=2) Vx Vin  Gag *0ue 1)

VOUt — ~Om3 (2)

At Vou 9maV/X + @ma + Jas + 9ass +SOVour =0 =
out Im3 @ma +9ds3 + Jdst + SO Vout VX Om4 *9dg tYgs +SC

Using (1) and (2) we can find out the overall tfangunction as the following:

Answer: V(?Ut (S) - “Om2 x ~Om3 - AO (3)
Vin Jdg *9d2 9ma +9ds +9de +SC 1+7w0

(b) Applying s=0 in the equation (3) will provide the DC gaing &s follows

A0: gm2-gm3 (4)
(9dg *9d2)-Oma t 9ds3 + Jass)

Vout - Ao _ Im29m3 1 5
Vin(s) 1+ S (Qdg *9d2)-Oma t 9ds3 + Jdst) 9ma +9dss +9d ©)
Sy ©da*9a2)-@ma +dag +ast) 14 (I 15 % Out
where ('U():gm4+gd§3 +Jdst _ Ima +1/ro3+ 1/rod _ 1 1 ©6)
C C (L/gm 4//ro3//rod)C

therefore, the dominant pole is
. 1
Answer: fg=
2rt(L/gm 4//ra3//ro4)C

(c) The unity-gain frequenciy, CA o.fg. Using (4) and (6),,fcan be found out as
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fy = Im29m3 .gm4+9d§+gdﬂ - Im29m3 @)
Ode *9d2)-Oma t 9dss + Jass) 2nC 2M.(dg *9de)C
Solution for 4

2
a) The total delayD(m) =mt, + m[ 038(%)%0} =mt, + OBS%rc

dD(m) d?

For optimum delay we should ha\fe—OI =tp - 038—rc=0
m m
/038rcd2
Mopt = 1. 1)
p
42
42
1 1. 4t
D(8)- D(6) = 2t,, + 038rcd?(= -=)=—F
8)—D(6) P (8 6) 3
1 2
t, =— 038rcd 2
P~ 16 (2)
2 2
(1) and (2): Mo = \/ 03grcd” _ | 038cd® _
t 1 >
p 0.38rcd
16

Answer: mgp =4
Solution for 5
For a 4-stage ring oscillator (with identical sta)ge¢he transfer function is written as:

A4

U= T T

where A is the DC gain of each stage, and is the pole frequency. According
Barkhausen criteria, the phase contribution of esaahe should be 45Then:
tan N (Wese /o) = 45° = Woee = wo 1)

Putting the magnitude of the transfer function tgethan 1 gives:

. At
[ H (jw)| = > 1

VI (w/w)?)t

Considering (1), it results i$A| > v/2
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In case of the differential stage the DC gain is,R. Then:

gmR> V2= R>2 KQ

Solution for 6
i 225° i
\
v
In |
Out
o || L L
S
45°
Average =3— 2x45

c x3=225V




