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[5] Question 1: Each correct answer is worth 0.5 marks.
For the questions below, circle one of True [T] or False [F].

T @ The capacitance of a reverse biased junction increases as the reverse bias voltage is
increased.

T @ The output of a CMOS tri-state inverter is one of Vp,, Vpp/2, or 0.
@ F C,x is inversely proportional to the gate oxide thickness.
@ F  Channel length modulation is generally important in analog circuits but not usually

important in digital circuits.

For the questions below, consider the gate delay for a chain of indentical CMOS inverters and

% L&

only one parameter is changed. Circle one of “increase”, “unchanged” or “decrease”
that corresponds to the new gate delay

increase decrease  C,, is increased by 10%
increase  unchanged Vpp is increased by 10%

increase decrease = The widths of all transistors are increased by 10%

increase ) unchanged  decrease  |V,,| and |V, | are both increased by 10%

@ unchanged  decrease Temperature is increased by 10%

increase  unchanged @ Electron and hole mobility are both increased by 10%
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[6] Question 2: Consider the layout of 2 nmos transistors as shown below and use CMOS param-

eters on the equation sheet (last page).

Ji TT TT .]2
o 0,

A = 0.125pm

2k 2A

a) Find the input capacitance for the gate of a single transistor (ignore overlap capacitance)

Cy= Con W= (6)(122)(22) =(6) (:15)(02)= 1. g 75 FF

b) Find the overlap capacitance for the gate of O, to junction J,

CT(” = (o w =(03)(125) = 0.375 £

._____—-—-—'

¢) Find the drain-bulk capacitance at J; (using both area and sidewall capacitance). 26 )
CAR= Cy Ao+ py, Py =<?.)(1 '25,)(0'17)—*(0.3) ({11547
= 0,625 + 0.9 = 1525 £F

/

d) Find the drain-bulk capacitance at J, (using both area and sidewall capacitance).

Clp= Cifv+ Cigw o | \
C;ha = C;L)[(l.z*;’)(owj,t (0875)(0.5’)]: | FF

Cisw by =@ )[ 1o+ 444 64 4 LA+ 44 7=(0-3)(301)
:@3)[7,75] = L/zﬂ;
- 2.025
Clg = | + [ 125 2
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[6] Question 3: Consider the pass transistor logic shown below where V', is the input and V', is
the output. Use CMOS parameters on equation sheet (last page).

/GarpRE Boby Yop Vb Vbp = 2.3
' v, | 1 for all transistors W = lpm
4 Vi TT TT vy, L =025um
T "

a) When 7, is initially OV and then goes to Vpp,, find the final voltage values at Vy, Vy,
and V,.
! V., = - 2.5V
) &
— — (Vv
\/Y = \/Qg—»\/{;’\, = 2.5-0%= 2

\/2;:‘. \/06)’\/157\/ = 2/(/

J
<<

o

=

b) When ¥}, is initially V', and then goes to 0V, find the final voltage values at Vy, Vy,
and V.

7 - - —_—
_ — 4V
\/Z' - \/7 - 0//',-—
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[6] Question 4: Using the concept of equivalent transistors, simplify the n-channel driver network
shown below to a single pull-down transistor with a width of W, (all lengths are same and

minimum). Find this equivalent transistor for 2 cases: W, g representing the input pattern

with the fastest pull-down and W, for the slowest pull-down input case.

Vdd
|
Vbiac"s_-q J Wn(fast) = % ot la l |

B-II: 4 E-il: 2

Wn(slow) = 0 . 97
A .||: 05 C _{t ) (only widths shown, all length are minimum)

~ Y S A R
. =) a [ o ﬁZ’
:/i ,,7 Z 9’:
Ly

ﬁCﬂ, L G ch /
4= 4 6§ R E] 0-5
— =
(L‘/;ﬁ}/ /> 7
- %
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[6] Question 5: Consider the following inverter circuit. Assume the current source is ideal until
the voltage across it is ImV at which point it linearly drops to OmA at OV across it. Use
CMOS parameters on equation sheet (last page).

5004
VO
VI I
¥ - 10
L

a) Sketch the input/output transfer curve for V; from zero to V.

v, N
Vb
VoL +
[ X
0 +— —
¢ Ve Vb vz
b) Find the output logic high and output logic low levels assuming V; goes from 0 to Vpp,.
\V o = Vas = LV L
- Coxfle Ve Y- X
Lo = 4 "(/LJK” Ve be 5
I‘l)u = 9566 »A
Vog = VoL
T
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ECE334 Digital Electronics
Constants: k = 138 x 102 JK™ ;4 =1.602x 107 C ; ¥ = kT/g=26mV at 300 °K ;
£y = 8.854x 1072 F/m ; ky = 3.9 caps: Cop = (ku80)/ 1o 5 C; = Coo/(1+Vp/0g)
. . 2
NMOS: B, = 1,Co (W/L) 5 V,,>0;Vpg20 s(triode) I = B, ((Vgs— V,")VDS—(Vle/Z)) s@active) I = 0.5B,(Vgs— Vi) s
(triode) Vps < (Vgs— Vi) 5 (active) Vps= (Vos—Vin) s Vip = Vi T1(fVsp+ 6~ NBE '
((VGS— Vm)/(nVT)) —VDS/VT
(subthreshold) (I-e

)
PMOS: B, = m,Cox(W/L) 5 Vip<0;Vpg<0 s(triode) I = B((Vgs—Vip) VDS—(VZDS/Z)) ;(active) I = 0.5B,(Vgs— V,p)z;
(triode) Vpg= (Vgs— V) 5 (active) Vs < (Vgs = Vip) 5

Simple cap model: Cp = Co, WL 5 if Liy; Cgy = Coxlin :Cg = Cqul? 5 Cq= C; = Cq, W5

CMOS inverter: Vig = (Vppt+V,,+ Var)/(L+r)y 5 r= J(pn(W/L)”)/(up(W/L)p) H

RC delay est: 1;, = t;r= 1.21; T = R, ,C; R = 2.5/(yCox(W/L),(Vpp—Vi)) 5 Regp = 2.5/ (1, Cox (W/L),(Vpp+ Vi)
(Wy/ W) g = W[in/1,  Unit delay est: ta/tan = (Cpo/ Cry) x (W/ L)y /(W/ L))

Min delay: tgep,, = Tigy(Cour/ Cjp) 5 totalgerey = Nty s jN = Cou/Cip susually f= 4

Power diss: den = Pl_,ofCLV%)D; Pdp = O.SPI_,ofVDDIp“k(tr+ tf);lwlk = 0.58,(Viz— Vm)z H

Elmore Delay: 1;= Y CR;;; distRC, © =RC/2 ;

Equation Sheet

M;

Iy = Inze

k
Interconnect: R = (pl)/(tw) ; Ruy= p/t 3 C = (egwD/1 5 C = sol(w/h+0.77+ 1.06(w/m)*® + 106t/ 3
T/
Max delay constraint: T, > £5.0 + £pq + Leenp Min Delay constraint: f; ;< f..(+ Iy Metastability: MTBF = e T’/ (taFpForx)
SRAM: M3 is cell access transistor, M1 is inverter NMOS, M5 is inverter PMOS,

SRAM read: W,/ Wy (Vpp — Va— Vi) /@((Vop~ V) Va~Va/D) 5 e = (1,Co)/ D W3/ L) (Vpp =2 %
AV = UAD/ Cyyp

. 2
SRAM write: W/ W52 (1,(Vpp + Vo) )/ @uy((Vop = V) Va = Va/ D)

MOS Transistor; CMOS basic parameters. Channel length = 0.25um, m; = 0.5, 6, = 0.9V

VTO Y HCO.X 7\' Cox CO C] C_]SW
—1
@ | | | O | (Frum®) (F/um) | (fF/um’y | (F/um)
NMOS | 04 | 04 | 120 | 0.06 6 0.3 2 0.3
PMOS | 0.4 | 0.4 30 0.1 6 0.3 2 0.3

Vo 1is the threshold voltage with zero bulk-source voltage; vy is used to account for non-zero
bulk-source voltage; pnC,, 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; Cj is the drain/source junction
stw

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

capacitance per unit area; is the drain/source junction capacitance per unit length to account
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