University of Toronto

Term Test 2

Date - Mar 16, 2011
Duration; 1.5 hrs

ECE334 — Digital Electronics
Lecturer - D. Johns

ANSWER QUESTIONS ON THESE SHEETS USING BACKS|F NECESSARY
Equation sheet is on last page of test.
Only tests written in pen will be considered for are-mark.
Calculator type unrestricted

Grading indicated by [ ]. Attempt all questions since a blank answer will certainly get O.

Question Mark

Last Name: 5

Total

First Name:

max grade = 29
Student #: ( g )

page 1 of 8



Last Name:

[5] Question 1: Each correct answer isworth 0.5 marks.

For the questions below, circle one of True[T] or False[F].

T

F

In a45nm CMOS process, the subthreshold |eakage current is due to current leaking
in and out of the mosfet gates due to very thin gate oxides.

Dynamic direct-path power dissipation increases as clock and data edge slew-rates
decrease.

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 CMOS schmitt trigger is often used at the outputs of adigital chip to reduce noise.
When creating metal wires on a chip, first silicon dioxide is grown and photoresist is
used to etch where wires should exist. Next, dluminum is sprayed on using silicon

dioxide as a mask.

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

Tungsten is used in viaand contact holes due to its low resistance.
The lowest level metal on amicrochip is thicker than the highest level metal.

For interconnect metal wires, the fringe capacitance is usualy larger than the parallel
plate capacitance.
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[6] Question 2: Given that aminimum size inverter has agate capacitance of 4fF and it’ sinherent
delay equals 15ps, find the number of invertersfor an inverter chain that minimizes the pro-
pogation delay to drive a 10pF load when using afan-out factor of 4 for inverter sizing. Also,
what is the propogation delay?
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[6] Question 3: Consider the following cross-section of a p-well process (not n-well)
??7?

?2?77?

n- Substrate

a) On the above diagram, label all the*???’" signswith the material name (i.e. polysilicon, sil-
icon dioxide, metal, p+, n+, p-, n-, tc.).
b) How is annealing performed and why isit performed after ion implantation?

¢) Name a dopant that can be used to make p-type silicon.

d) Name a dopant that can be used to make n-type silicon.
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[6] Question 4:
a) A metal wire has a thickness of 480nm, awidth of 250nm and is 800nm above the p- sub-

strate. Find the capacitance per unit length in units of fF/um . Also, out of the total capaci-

tance, find the percentage capacitance that relates to the parallel plate model and the
percentage that relates to the fringe capacitance (the sum of the 2 should equal 100%).

b) A metal wire has a sheet resistance of 0.08 /0 and acapacitance of 0.2 fF/um. Given
that thewireis 1 um wide and 2mm long, construct a 3 segment = -model for the wire.

c) For the above model in part b), what would be the EImore time-constant for a source driv-
ing aresistor of size 1kQ at one end of the wire with a capacitive |oad at the other end of 67

fF.
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[6] Question 5: Consider the Schmitt trigger below. All transistors have minimum channel length
and transistor relative widths are shown. Derive an expression for the switching threshold as

V;, isincreased from OV. Ignore the body effect.

AVDD
—a M4 W, = 2W, = 4
_<1|:TM2 M6JTL = W, = 2W, = 4,
Vin ° Vout
—||:1M1 Msl Vbp
o t
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(blank sheet for scratch calculations)
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ECE334 Digital Electronics

Constants: k = 1.38x 10 JK™' ;¢ = 1.602x 107" C ; ¥, = kT/q ~26mV at 300 °K ; Ny
g = 8.854 x 10_12 F/m ; kox =3.9; caps: Cox = (koxao)/tox ; Cj = CjO/(1 + VR/¢0) ! 5 2
NMOS: B, = u,Co (W/L) 5 V,,>0;Vpg 20 ;(triode) I, = ﬁn((VGS—Vm)VDS—(VzDS/2)) s(active) I = 0.5B,(Vgs—V,) s
(triode) Vs < (Vs — Vi) : (active) Vs = (Vs = Vi) s Viy = Vo +1( Vs + 05— /0,) 5
(Vs =V, (V) —Vpg/V )
(subthreshold) o Ta—e ™
. . 2
PMOS: B, = p,Co(W/L) : V,, <0 :Vps <0 s(triode) 1), = B,((Vgs—V,))Vps—(Vps/2)) s(active) I = 0.5B,(Vgs=V,,)" 5
(triode) Vs> (Vs —V,,) ; (active) Vg < (Vs = V) 5
Simplecamedel: Cg = CoxWL 5 ifLmin; CguEComein;Cg = CguW; Cd = Cx = CduW;
CMOSinverter:  Vyy = (Vpp + Vy, +V,,r)/(1+1) 5 r = J(u,(W/L),)/(w,(W/L),)
RCdelayest: 1, = 15, = 1215t = RyyC: Ry, = 2.5/(1,Coe(W/L),(Vpp=Vi)) 3 Regp = 2.5/(,Co(W/L),(Vpp*+ V) 5
. (Wp/Wn)opt = Jn,/n, Unitdelay est: tfifz/tdfl = (CrLy/ CLp) x ((W/ L)y /(W/ L))
Min delay: Liclay = Tinv(Cowt” Cin) 5 totaldelay = Nfty, s = Cy/Ciy susually = 4 ,
Power diss: den = PIA)OfCLVZDD; Pdp = O'SPIAOfVDD]pcak(lr_Fl_‘f);Ipcak = O'SBM(VTH_VM) ;
ElmoreDélay: 1,2y C,R;;; distRC, t=RC/2 ;

k
Interconnect: R = (pl)/(tw) ; Rq= p/t ; C = (g, wi)/t ;

Equation Sheet

Ip = Ipge

C = ey J(w/h+0.77+1.06(w/h)"> + 1.06(t/h)")

T/
Max delay constraint: Tt + 4 + t e, Min Delay constraint: ¢,y < t.., + 1., Metastability: MTBF = e T"/(zrdFDFCLK)

setup

SRAM: M3 is cell access transistor, M1 is inverter NMOS, M5 is inverter PMOS,

2
SRAM read: W,/ Wy> (V= Va—Via) /Q((Vop = V) Va=Va/2) 5 Leen = ((1,Co)/2) W3/ LYV =2V,
AVgL = (L AD)/ Cyy,
SRAM write: W3/ Ws= (1, (Vpp + Vi) )/ i, (Vpp = Vi) Va = VA/2))

MOS Transistor; CMOS basic parameters. Channel length = 0.25um , m; = 05,¢, =09V

VTO [ Cox A Cox CO Cj Cj sw
-1
) (VO'S) (pA/Vz) ) (fF/um2 (fF/um) (fF/umz) (fF/um)
NMOS | 04 04 120 0.06 6 0.3 2 0.3
PMOS | -04 | 04 30 0.1 6 0.3 2 0.3

V5o is the threshold voltage with zero bulk-source voltage; y 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, .. is the gate capacitance per
unit area; C, is the gate overlap capacitance per unit length; ¢ is the drain/source junction
capacitance per unit area; Cisw is the drain/source junction capacitance per unit length to account

for drain/source perimeter capacitance. Assume this value is the same for al perimeters
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