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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.

When creating metal wires on a chip, first silicon dioxide is grown and photoresist is
used to etch where wires should exist. Next, aluminum is sprayed on using silicon
dioxide as a mask. '

When creating metal wires on a chip, first aluminum is sprayed on the entire micro-
chip, then photoresist and silicon oxide is used to mask where wires should exist and

the rest is etched off.

In a self-aligned process, the drain/source junctions are first formed and then the gate
is formed above the drain/source junctions so that it is self-aligned.

The silicon dioxide layer formed under the gate region is grown using wet oxidation
instead of dry oxidation.

Tungsten is used in via and contact holes due to its low resistance.
P-type silicon is made by doping pure silicon with boron.

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

In CMOS circuits, to keep all the drain/source diodes reverse biased, the substrate (or
bulk) of all NMOS transistors should be tied to V;; while the substrate (or bulk) of all
PMOS transistors should be tied to ground.

A pseudo-NMOS gate with power supplies 0 and ¥, has it’s output high level equal
to ¥, while it’s output low level is a value greater than 0.

Vg for an inverter is defined to be the input voltage where the inverter’s gain is larg-
est.
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[6] Question 2: Consider the following cross-section of a p-well process (not n-well)
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a) On the above diagram, label all the “??7” signs with the material name (i.e. polysilicon,
silicon dioxide, metal, p+, n+, p-, n-, etc.).

b) What is the purpose of the p+ in the p-well and the n+ in the n- substrate?
THESE ARE SuUlBSTRATE Conidic7s 70 [R1A45
THE P-wELlL AVD N (URSTRATE, [F FTETRT
DIRELT LY CownbtT€) To LiGwsLy OotEd ra7hesss
St TTKEYy B1o0E s FORA1ED So  fenvicy BolE)
MATER AL S UCED,

c) What is the purpose of field-implants?
So THn7 ThHe SuBarATE (OES wo7
INWERT u€ 7D 1o ETHEES  ABovE /7.

d) Explain clearly why metal is not used as the gate material in a self-aligned process.

| T wotrd pmECT  QuRinfy Anwestegn
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[6] Question 3: Find the dynamic power dissipation, den , for the following CMOS circuit

assuming the clock is 1GHz, V', = 2.5V and the inputs have the following probability val-

ues that change on the rising edge of the clock.
P(A=1) = 0.5, P(B=1) = 04, P(C=1) = 0.7

A Ve 5 ,
B L sfF )0 I T
{

-_-C Z 20fF
¢ >° 2 = (3
1 1w
I 4
fovuw_1 = Prso £ Cp Voo
P)L;( — —0 Pg_/o = (Of')/)(d e{): 0.3
P)(:/a = [ — IO)L:, - 0‘7

PDW,L = P55, TC Vpg = @.3) (o.?)[lc?[?e—ﬂ;)(z.gl)
— 6.6 nw

Pogs 3 = P 5 £ 63 Vao

Pz,/a = Peos Puoy :(o.?)[o.z) = 001

Pooy = - fozy = 0

(1e9) (e (257

b, = (o) (009

- (0.2 MW

Dt 3

= 6.5—#(-6+/o‘, Z
= 2% 4% nw

e e .
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[6] Question 4: Cony’(ér a metal 1 (first layer of metal) al

inum wire that is O.Sufn above the
substrate, is 0.5pm in height and has a width of 0.25pm and has a length of 5 mm .Recall

that the resistivity of aluminum is 2.8 pQ e cm

a) Find the resistance per pm, R, and the capacitance per pm, C
G - m
€ 0-6e-¢( ™

R = ﬂﬁ L = 4-‘351"0'224“‘&/"“*

Rw = 01124-'07//4_“1

-3 wggwc&[? 7’7
= 2.7 0F(m = 0,094 FF/um

a) Estimate the delay t;. of this wire assuming the delay is 1.27.

7 = - (o 1‘14)(7000)( 0. 09¢)(3 046)
= =
C”lo)(47o 4‘/?) ¢ B1Z4 f"(,
T l izt

b) Estimate the delay of this wire if the width is increased to 1pum and other parameters are
unchanged.

WL"‘ 4-L/ =) Q’L _&' lgbﬂ—

= 116 pr
0.25
G, = Eox [( )+o77+106( =) v 4(%”"]
_ &y [ 39 = 0128 F

Cr= G (Gove) = 640 #7
(N 1I.L_ﬂi§} = 116 PS

2
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[6] Question 5: It is desired to drive a 1pF capacitive load given that a minimum size inverter has
a gate capacitance of 4fF and it’s inherent delay is 15ps.
a) Find the delay if a single inverter is used.

Tl = T 22 < () (5]

Cens

b) Find the delay if an inverter chain is used where a fanout factor of 4 is used for inverter siz-

" / 4N 1€~ {4~ .

\/W ”
P r r 277}% I[PF

4pF l6F¢ CAFEf

Vi 1L Ciav + 5. 7 Zinv

'éﬂl = il/\/\/ (4) + TV ’Z—S,/“%FJ:
— 154 Tov =(159) (1595) = 235 P4

——

¢) Explain why a fanout factor of 4 is generally used for inverter sizing in an inverter chain
instead of a factor of e which was derived in class to be optimum. (hint: what was overlooked
in the class derivation?)

ﬁLMS C 0eRIVATIo 00 avT AcCowny FeR
puirar cAv A TwcE oF AV IWVERTER WY cH
Rowbhry SCALES WI7H 176 oF  nBRTEL

pLfo  FACTOR  oF 4 ¢ SIMPLE- TP bo,

/
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ECE334 Digital Electronics Equation Sheet

Constants: k = 138x 1072 JK ™ 14=1.602x107° C ; ¥, = kT/q~26mV at 300 °K ;

- M,
€, = 8.854x10 "F/m; k, = 3.9;caps: C, = (ko 80)/ 1oy 5 Cj = Cjo/(l + /o) T
NMOS: B, = 1,Co(W/L) 5 V> 03 Vs 20 s(triode) 1 = B((Vas— V) Vs — (Vs /2)) s(active) Ip = 0.5, (Vs = Vi)' 5
(triode) Vps € (Vs = Vin)  @otive) Vps = (Vas = Vs Vi = Vino + 1(JVsp = )5

((Vag = Vi) (V1)) -7,
(subthreshold) Tp = Tpoe & " T (1—e "7y

PMOS: B, = 1,Co(F/L) 5 ¥y <0 ¥ps <0 s(triode) T = B((Vos— Vip)Vps — (Vhs/2)) s(active) I = 0.5B,(Vos = V,)" 5
(triode) Vpg 2 (Vs — V,p) ; (active) Vg < (Vs — V,p) o
Simple cap model: Cy = Co, WLy if Ly €y =ColnyinsCp = CouW 5 Cp = Co = Cup W

CMOS inverter: Vi = (Vpp + th+ VY (L+rys r= ,ﬁp."(W/L)")/(p,p(W/L)p)
RC delayest: ¢, = t;,=12t; © = R,,C: R

e = 257Coe(H/L)(Vpp= V) 5 Ry = 25/(w,Cox(W/LY,(Vpp +V,,))
(WP/W,,)Opt = ,ﬁl,,—/p—x; Unit delay est: tap/t4n = (CrLa/Cr) x (W/ L)y /(W/ L))

Min delay: 4o, = Tiny(Cot/C; ) totalyg,, = Nfty ;fv = Cuy/Cyy susuallyf=4

Power diss: Py, = pmfwﬁ;; Pay = 0P, of Vi peaslts + 19 Toease = 0.5, Ve = V)" 5

Elmore Delay: 1,2 7C;R;;; distRC, T=RC/2

k
Interconnect: R = (pN)/(tw) 3 Ry= p/t 3 C = (6qwD)/t 5 C = o l(w/h+0.77+1.06(w/m)°% +1.06(e/m)*)
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