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Problem 1:

20 pts For this question you can ignore body effect and channel length modulation.

e Equivalent resistance Req(W/L=1) for all NMOS and all PMOS transistors are Rnmos
=5 k-ohm and Remos = 15 k-ohm respectively.

e Assume that all output capacitances are lumped together into a single load
capacitance C = 30 fF.

e Do NOT ignore intermediate internal capacitances for this part. You can assume 3 fF
for all gate capacitances and 2 fF for all diffusion capacitances.

e ODisa periodic (clock-like) signal with 10% duty cycle

? pts (a) Describe the operation of the circuit, what is the logic function being implemented?

10 pts (b) Calculate the worst case low to high propagation delay. Ass wme A 7rans wlovs have W=

wwd:lfﬂc;’hb% bw Zo %

? pts (c) Size the transistors such that the circuit provides, to the first order, a
comparable to a reference inverter that has (W/L)xmos = 2 AND (W/L)pmos = 3
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Problem 2:
Sketch the transistor circuit for the layout given below. Be sure to use the same labels in
your schematic as in the layout below

Identify one obvious design rule that is being violated.

B Contact
Metal 1
PolySilicon
N-Diffusion
P-Diffusion
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15 pts  Problem 3: Short answer
Using spice describe an approach to measure each one of the following parameters for a
given transistor.

a) Vin, th
3 pts b) pn Cox, pp Coxat a given Vs
each C) Vsat-n and Vsat-p

d) Va(channel length modulation)
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20 pts Problem 4:
P g — 5

10 pts (a) Estimate the minimum delay of the path from A to B

10 pts (b) Choose the transistor sizes to achieve this delay.

The initial NAND?2 gate presents a total load of 4X of transistor widths on the input and
the output load is equivalent to 60\ of transistor widths
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,25/pts Problem 5:
For the circuit shown below
(a) Provide an expression for the steady state output voltage Provide a brief explanation

3 pts
s Sl
(b) Provide an expression of the delay if the input has a I transition.
7 pts e Express your answer in terms of the delay and resistances for a 2-1 unit inverter
inverter

e Assume that all diffusion capacitances are 2/3 the gate capacitances.

vDD vDD
2

v . 1 3R, Vout
T [ T + 1

GND GND I

t (c) Repeat parts (a) the circuit given below.

10/pt (d) Repeat parts (b) the citeuit given below.
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Problem 6:
For the circuit given below calculate:
(a) Vou and VoL

(b) Gate’s threshold voltage

:'7_0’ 2

(c) Gate’s static power dissipation ,
» /Voﬁ m:‘s Lf‘,{f(ﬁmﬁt//é#l@ }7)‘0’4‘&
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