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Problem 1 MOS Operation -

10 pts

1A For figure 1(a), if Vi, is a waveform as shown below, plot Vg as a function of time, if the

capacit.of Cy. is initially fully discharged. Assume Vry = 0.3 V, 'Ron,N Cr & Ty
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1B For figure 1(b), if Vi, is a waveform as shown'below, plot Vou{ as a function of time, if the

capacitor Cy is initially fully discharged. Assume Vyp = —0.3 V, Rop pCp, K To. (3 pts)
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1C For figure 1(c), it Vi, is a waveform as shown below, plot Vout as a function of time, if the
capacitor Cy, is initially charged such that initial value of V,,,, = 1.3V.
Assume VTP = —O'SIVJ-ROTL,P CL K TQ. ” : : ' (4 ptS)
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Problem 2 Voltage Transfer Characteristics 10 pts

Consider the CMOS inverter shown in Figure 2. Assumé theré is no sub-threshold conduction.
VDD = 05 V, VTN = |VTPI =. 03 V ‘

V£££V-l
—d[».
_{Nl

Figure 2

2A Sketch the Voltage Transfer Characteristics (VTC) with all relevant points marked on
the graph. Also, mark on the graph, the regions where the NMOS and PMOS are ON/OFF.

(Hint: Sweep Vi from 0 to 0.5V and back to OV, and plot Vau) (7 pts)
Vout “w €V D
A BoTH ‘
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2B Find Vor, Von and V. . | | " @3pts)
VoL = OV
Yoy = Vop = 0BV | |
Vm commot be umiguely found because, in the middle
re%\'on , both PMOS and NMOS are OFF oand
chom%i-n% Vin does mot change Veus.

Vo= O )
Vou= 0-5Y 1
_ Does mob
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Problem 3 Power Consumption 15 pts

A 5-stage ring oscillator is shown below -(built with. static CMOS gates with sizes shown, all
inverters ofthe same size). Assume Csyp=C¢ = ZfF/,um VDD =1

e

P:N = 4pm:2pm

Figure 3
3A  For A: 0 > 1, determine the energy taken out of supply. (5 pts)
: ) ] : : VDD '
J‘_[!"\,i! f]! '\_‘! of’ | .
Al B = = : X
Total chq.ci'bczhce ot each of the intevrmediate modes
s @GMm + epm) x 2fF = 24FfF ()
|l
wWhen A'-. o->1, c:060—>1 & E:0—>1
T\wus, energy token out of supply’
= 4.%. J4{F X VDD (2
= 3 x 244F X 1°
= 7243
B~ 72 43 W
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3B For A: 0 — 1, determine the energy dissipated as heat. b (5 pts)
In\}af{;evs 2,4 and 5 E-nerrgy diss\‘pa-be,;! by PMoOS
Invertevs 1 and 3 @ Energy dissipated by NMOS
Thus , in tobal , S tramsistors rvelease heat 1)
= L % 24FF X g = 1247

D

w ENMCS = EPMQS

Bleatpy = 5X 1283 = 60f7
o

Exi= 60€J €1
heort |

3C Assume the single-stage delay t, = 50ps (Vpp = 1V), determine the average power
dissipation. ! ‘ - (5 pts)

Po.V‘g = fose" Crot, - Vb’l:; e

=_1 . x 5inverters X 24 fF x 12 (@
2xS X 50ps tnverter
= 240 MW

‘ | | RERE Puwg= 240 MW | (1)
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Problem 4

CMOS Logic and Logical Effort

10 pts

Assume the mobility ratio p,: pp =2, Cs/p = (e = e

Vout

Figure 4 '
4A  What is the logic function of Out? (2 pts)
Out= A-(B+od 2>
4B Which input has the lowest averaée delay ‘to the output? (4 pts)
A ¢ . D | @, o
Justification: Ciloses{: bto the oubptft ' 2)
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4C What are the largést Havy (averagé Wbrst-gasé Gup a0d Gaown for an input) and largest
Davg (average worst-case py, and pgown for aninput)? You méy ignore the capacitances at
intermediate nodes. : A ' : | * (4 pts)
Since , A and C have the lufées{: i-nPu-l: capacitance
and the second lo.nr%est : i'npu’b quaci"ccm ce , -rESpe.ch've\y ’
ome 9? Hhose will temd 4o have the lorgest gavg .

For (nput A: For input C:
g'AUF = | Y %CUP = 80 = a5 (0.5>
86 = o E : TR
A dows = ..‘2_6_. =6 Jedown = 30 = 5 0'5)
6
QAO.V% = 35 i Tﬂcéw% = 3-75\

Pr {-nPU‘kS B and P, ‘l't.' is easy to VE"rl‘Fy that the gﬂwg
5 lower than 3-75. : | :

ey Ny = 26
Rt 12 Imo\ependeh‘b of
46 mnput '

(5 PdoW‘n o e

Max(ggpg) = 3-75 &)

Max(pavg) = ‘ 5.75 w
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Problem 5 Logical Effort Delay

15 pts

5A  For the logic path from A to Qut shown below, find the total path delay using logical

effort. Assume fi,: fp = 2.

5 D ‘
b- QOut-

—i : =5 .
E e gﬁ'. -3- %37“%— —— 50
:1-1 B Pa=3

1 T hy =20 h3=_69?6 —

(05 (O Figure 5(a) ¢5

Total path Ae\qy pD =

Cﬂ{hq + Pt ngh 2t Pa) + (gzha+Pr2)

= 5+1 + 20+3 + Z.3+ 3
. - 3 . D

fl

25.67

(5 pts)

w

D= 25-67

ad
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5B

For the same logic circuit in figure 5(a), without changing the load and the sizing of the

first inverter, resize other gates such that the total path' delay from A to Out is minimized.

In other words, find the sizes x and y. Also, find the minimum delay from A to Out.

R (10 pts)
h=1 9.=54 o
Pr = " py=3 ?,3223 =60
= 3=
"\1 T hn."—“">y9f. h3=_6__Q
P s , E b4 —
Figure 5(b)
= By tn= 5 .0 = 35
=i = w
S .3 )
H= GCow = 60 = 60 ‘G)
Cin 1
No bfr'o.nch\"n% .
F= GH= 35 x60 = 23333 ®
' 2
P= Pi+PatPs = 143+3 =7 @
for = YF = Y233.33 = 6156
D= Nfe + P
= 3 (¢156) + T
o 25'47_ : . x= 6-15€ @
= h 2ha = Gahs
gt el s 37 5 o y= 22:74 W
= =B ML = Sl
= 6156 = % EL=55
= o = 6156, Y = 22- T4
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