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For all problems, you can assume the following transistor parameters (unless
wise mentioned):

NMOS
0.4, k', = 115 BA/VZ, Vpsar = 0.6V, A= 0, 7= 0.4 V2 20, =-0.6V

0.y=-04 V"

[we [ SoluTions,, = Ay

GRAD/UNDERGRAD

Dr=0.6V

Problem

Problem n

Problem 3: /12

Problem 2

Total: /44
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[image: image2.jpg]PROBLEM 1. MOS transistor as a switch
Find the final value of the voltage V. Assume Vry=|Vrs| = 0.5V. Assume that the
capacitor is initially discharged. and ignore subthreshold conduction and body effect.

(Chacge wffit ontil
Ves-VR=0)

25V

25V Ves=0 (newer hoins on)

EECS 141: FALL2001 - MIDTERM 1 2n




[image: image3.jpg]EECS 141: FALL2001 - MIDTERM |

37




[image: image4.jpg]PROBLEM 2. Equivalent RC models.
In class we modeled the inverter delay by finding its cquivalent resistance and
capacitance. You are asked to find the equivalent resistance and input capacitance of a
capacicvely ouded symmeticalyszed mverter.

%) Dra w you
explain s You do this.

cirouit 1 Measwre delay Heogh both cireuits
@ Do Lo, o )
L TT L chage wrlable tesishe in

— é‘ﬁ}%‘jq et 2wkl daloys ove el
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b) Draw a sch f how you
this inverter. Explain the measurement procedure.

Measure Hha voltnge at He wpit ; He measued
= T Sl or chorging Tio vjub cap. will be T/c.

R 3 Qwiler 4o (@), massure delay with a krewn
R m( @w—bl Vs ond H1e e, o alust & Wriakie
& i T cope b egalie delay

©) Does the input cupaé.um of this inverter depend on its loading? Explain your
answer.

s BN b pacn il ek

in opposile diiections | He Capattmee bcores loger ( Miller

mitiphzation ), = na. loading on The output is lorgp. 3 17a ovtput

voHqu w\ll d‘nﬁﬂ. mn, Shightly in e Kme it m; e

“‘:"’1 S0 ne Miller effeet occurs,
) Doe!lhe input capacitance of this .m.?:rézp:ndm e Y36 of Gansition o
or L-H transition)? If the ans w:r@hlch one is larger? Explain your
wer.
Cin= Ca+Cp= Cox (Whb-Kegn +WpL-Kegp)

T we ovemge e Capacttenies ab He beginsy ond mddie of fla Hpasiiton )
CW~T(‘z;wnL+ L)+ (3ont o + Fwitlon)] /[, = ik [5um sty
Cu (Gt + 3 loxtnt )+ (31plox Fisn )] /2. = Gt [Tavipt H5un]

Sica Wp=2in = Cu>Cun
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PROBLEM 3. Gate delays.
Consider 2 three-transistor circuit as shown in the figure below. Vpp = 2.5V and
imput signal switches between 0 and Vpp with sharp rise and fall times. Use the transistor
ters indicated on the first page of the midterm. Ignore body effect. All transistors
are minimum length, £ = 0.25um. Transistor widths: Ws = 2um, W, = um.

25V

) Find the My i i Wwis
placed in the middle of the Vi signal swing.

Voo e
Vin = 2.5V —> ¢ Uapessilis = 2.5-04- 2.1V
NIm= 0 —> VxF oV
Nm= Vau=Vxe _ 1,05V
ey

At Vout=Veny, Vb= |45V for PMOS Mz and
\bs= 105V R NMOS M3 | el maars both M2
and Wb ave velocthy Saturzted (vm,wu,vbs.mw.c),
wWe koew far o averder Ty = Tus ) So we can Solve,
for flo width of M3 Using tlo velocrly Sahiated curtat:

Tos3 _ Wkl Visern (Vo Vi~ Y10
Tovz " pWply Vmw((van-VM)+Vn+y‘a¢) =l
'le, oarp (@m~V~w—w “m)
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[image: image6.jpg]) Find the f,0y delay of this circuit. C, = 6fF/um’. Overlap capacitances are C, =
0.3 fF/y. Bottom-plate PN junction capacitances are 2(F/j (drain lengths are
included). Ignore the sidewall capacitances. Ignore the impact of rise/afl times
on propagation delay. Cos= 10fF.

Lo =% th+tr= 069 (Rey Cai + RegzC, )

tp1: Regi= 4| WVin Vol 3 um yw
2| "Tesw T Toowr)” Tmsw™ E Tour,

: L e
choe Tboam= o' (4] (Voo-Vin Worarn — Vo7 .
Feo PN

Ceqt= Coxt (WhatB)+ @t Lo (s +is) + Commpse Wi

tp2: Reqrz Wy

Toskr, d
whon. Tasare g2 (ot ) Nponr| — e | ‘£«
Ci= Cout+ 200 (tus+ W) + Coae e (W + 0p,)

MiLER,
Lpsary = 500pA Ceqi =~ 7.86F
oo s FOSRR
pi= 064 (3.35kR )(7.8¢F ) ~ 18ps
Tosatz = 384 pA  Cagz = 19.84F

Pagqz = Y8R LN
2= 069 (4830 (i3, ¢F) = 63ps

o= fprtie =31 ps.
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[image: image7.jpg]PROBLEM 4. Wire modeling.
Consider an isolated 2mm long and 1um wide M1 wire over a silicon substrate driven by

) If the wire width is doubled, the delay of this wire will be (circle one):

‘More than 2x shorter / Exactly 2x shorter { Shorter, but less than 2x

ichanged /
Less than doubled / Exactly doubled / More than doubled
Explanation: Delay depors on wive wsistrua ; prllel e, capacifence , and fringe Cap.
Taihlly, £ RECpHGY. Al cublig width, /o B (20040p) = R0t &)
b) If the wire length is halved, the delay of this wire will be (circle one):

More than 2x shorter) Exactly 2x shorter / Shorter, but less than 2x /

Less than doubled / Exactly doubled / More than doubled
H C;
Explanston: Afles \engfh is halved ) £t B +Lr)- ER@Gpr)

o Ifthe ibled, the delay of this wire will
More than 2x shorter / Exactly 2x shorter{ Shortr, but less than 2x)
Unchanged /

Less than doubled / Exactly doubled / More than doubled
Explnaion: Afler Hicknuss s dovbled; o B(Cy+3C8) ware
% 15 loer ton | it ot moch wore Han 2.

d) If the oxide thickness (between the wire and the substrate) is doubled, the wire delay
will be (circle one):

Morethn 2x shorer (Esaely 2 shore Shorter, bt ess than 25/

Unchanged /
Less than doubled / Exactly doubled / More than doubled

Explanaion:  Afler oxicle Hucknass 15 decbled , Ha relahie mgie .

of porallel-plale ad fringing Capacones Change) dopantfligy, coprding

on He wie gRonoty. Tl wie resistene ches st chege ; 77e

best, Fast apprrnedion we Con aoke 3 Yot both Cp and CF

we baled ,or '« R(SP+GE).
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