University of Toronto

Term Test 2

Date - Mar 18, 2009
Duration: 7:15pm - 9pm

ECE334 — Digital Electronics
Lecturer - D. Johns

ANSWER QUESTIONS ON THESE SHEETS USING BACKS IF NECESSARY

Assume the parameters on the parameter sheet (last page) unless otherwise stated (mosfets
are from a 0.25um CMOS technology)

Single handwritten aid sheet allowed.
Only tests written in pen will be considered for a re-mark.

Grading indicated by [ ]. Attempt all questions since a blank answer will certainly get 0.
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[5] Question 1: Answer the True [T] or False [F] questions below by circling the correct answer.
Each correct answer is worth 0.5 marks.

@ F Ina45nm CMOS process, the subthreshold leakage current can be a significant por-

®

—
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O 0-00 @

T

F

tion of the overall power dissipation of a digital chip.

The overall power dissipation of a digital chip consists of both static and dynamic
power.

The dynamic power of a digital chip is due to the energy being dissipated across
capacitors in the chip.

N-type silicon is made by doping pure silicon with Boron

Photoresist is a material that is applied to the glass masks during CMOS processing.
CMOS gates are made out of polysilicon so they will not melt during annealing.

A self-aligned process means that the different masks are self-aligned with each other.
A via is a connection between adjacent levels of metal.

A register is made out of two latches where the latches are clocked on opposite
phases.

A CMOS schmitt trigger is often used at the outputs of a digital chip to reduce noise.
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[6] Question 2:

Vop = 2.5V 1 = ;@%I

l all lengths = 0.25um

|f2= S"G//.afl

Consider the 5 state “ring oscillator” shown above. The oscillation frequency is given by
S =1/ (2Nt;) where N is the number of inverters and t,; is the delay through a single

inverter. Use the CMOS parameters on the last page and only account for gate capacitance.

a) Find /| assuming W, = lpm and Wp = 2um for each inverter.

’éa( = tdr ‘:’t/_f CL,"' 1yo,z¢)+(lx».2$)]x6 ,LF/},M?—

L A5 _ 4.5 FF
Mo AA./CoxCZl{Voa“Vh/) f 1.2 CL ( Ry _:f—p)
= 9 .4g kAL 0( -
- 2.5 td = 2o p§
RP - /lﬂp C“(_%[/)P(VDD”’VH) _ l — ‘;GH?:
_ 4.9 kL + '—(Q)[t,')(zoﬂr)

b) Find f, assuming W, = 4pm and Wp = 8um for each inverter.

L Rpy
RNL“’ "K';_il" - RPZ’ B 4~

page 3 of 8



h t
& Vd
[6] Question 3: Consider an aluminum wire that is 2Zum above the substrate, is 0.7um in height

and has a width of w. Recall:

C = eoxz[;-‘:+o.77 + 1.06(%)0'25 ¥ 1.06(}11)0'5] R = (Etz)(l)

w
Resistivity of Aluminum is 2.8 pQ e cm
a) For the case of w = 0.4pm, find Ry (Q7/square) and C; (fF/pm).

Rﬂ - @ - Q‘QQ—QJLM
T = = 0‘64 U R =
€ 0#7 e-0 m ‘ﬂ/ o 0‘04%

Cp = 50)([(3,;,)”.7”1.06%}0?Loe(%)o'(/ of =0'03#Z”1‘

= 3.9x ?«974@«!1[2'3/7

b) Repeat a) but for w = 1.2um.

_ r— P /\.'7-7
CQ/ — Bt?)L g 854e-12L &~ 15/
— Jol fF/m = 0.1 ‘PF/M ICI:U'IPF//"T

c) Compare the capacitance increase in parts a) and b) and explain what phenomenon causes
such a small capacitance increase although the width increased by a factor of three.

FUVLING  DomimATES CAPACTACE S0 A
LR, WIRE WAL S AR CAPACLTANCE [,
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[6] Question 4: Consider the Schmitt trigger shown below where it is desired to have thresholds
at 1.0V and 1.2V ..

M, B, Cox = 200pA/V All lengths = 0.2um
B 1] b, Cox = SORANV Wy = W5 = 1um
_d%Mz MGT : Vip= -V, =025V Wy =W, =2um
Vin o ° Vout
Vet __{tJlM1 Msl Vbp
OR VM- Ve 1 ¢

it

a) Find the width of either My or M such that the Schmitt trigger has one threshold at
1.2V (only one of these 2 transistors sets this threshold). Ignore body effect. VéEws

- - = - 025 = 0.95 Vv
Vg =Viqy = Vewy = LT d Views

:Ccy} = Ty, ) (20079:’6)(0-%’)(/42—0.15“)17 J 2_

i (')/00 ;«6)(_;"5{)(1 g —0.95 - 0.25)

Ws — (_2'_?_5_)_ - 2.5/

RO

b) If the body effect is taken into account, would the thresholds move further apart, move
closer together, both move up, both move down or stay the same? Explain.

STAY THe SAmE  S'~E TWE Bony EFFEcT

witl trerpare Borr Ve, Ve g L7

SAME A puarr SincE  SomecE IS FamE g
R o7k} .
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[6] Question 5: Consider a bank of CMOS registers where T setup = = 300ps, T,,q = 200ps,

T.., = 100ps and T peqg = 250ps . Also assume an average gate delay equals

Tgate = S0ps.

a) If it is desired to run a system clock at 800MHz, how many gate delays can be in the logic
between reglsters"

Teew = 'ﬁpca + D +trerun =250+ k(50)+ 3e0
J150 > 550 + R (50) = k< ﬁ Care DEays

o——

b) If an internal delay of 50ps is inserted into every register right at the clock input, what is

the new Tsemp, Ty o1a chq, Tpcq?

Ereq = Epen-wo + Top8 = 30067
7‘7(,(;? pl f(;cq,abo +50p85 = 150pF
’égmp = Crerupors ~ 5P T A0 08

‘f;, oth) = £ hochD_ocp +5 0 = ;L§Q P.f

c) If an internal delay of 50ps is inserted into every register right at the “D” input, what is

then new Tsemp Thold» chq, Tpcq?

’lfpc7 @cq/obo = 250pf
Z/LCC7 = ch?, = /00 Ff

tS‘E’MF = ’tyé’rwf-l'ﬂ’ = 3%50p1

Chos = Thop_oep— 50 = 150PS
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(blank sheet for scratch calculations)
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ECE334F Digital Electronics Parameter Sheet
Physical Constants;
b7 = kT/ q = 26mV (at 300K); k = 1.38 «10°2 JK; T = 300K (at27°C); g = 1.6 x 1071 C;
e, =8854x1072F/ m k,, = 3.9; o, = 2[¢5 = 0.6V
MOS Transistor; CMOS basic parameters. Channel length = 0.25um, m; = 0.5, ¢, = 0.9V
Veg | 7 nC,, x] Coy C, G Ciow
"y (pas Y VY | fFy wm?) SE/ um) | fF/ um®)| SF/ pm)
NMOS | 04 | 04 | 120 | 006 | 6 0.3 2 (see
below)
PMOS | -04 0.4 30 0.1 6 0.3 2 (see
below)

Vrq is the threshold voltage with zero bulk-source voltage.

vy is used to account for non-zero bulk-source voltage.

nC,, is the transistor current gain parameter.

A is to account for the transistor finite output impedance (channel length modulation).

C

ox

is the gate capacitance per unit area.

C, is the gate overlap capacitance per unit length.

Cj is the drain/source junction capacitance per unit area.

C

jsw

is the drain/source junction capacitance per unit length to account for drain/source perimeter

capacitance. Assume this value is the same for all perimeters except under the gate.

C

Jsw
stwg

CJ’Swg

= 0.3 fF/ pwm for both NMOS and PMOS
is the drain/sourc junction capacitance per unit length under the gate.
= 0.15 fF/ wm for both NMOS and PMOS
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