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For all problems, you can assume that all transistors have a channel length of 90nm
and the following parameter s (unless other wise mentioned):

NMOS:

Vin= 0.2V, p, = 400 cm?/(V-s), Cox = 1.125 uF/cm?, Vg = le7 cm/s, L =0
PMOS.

Vol = 0.2V, i, = 200 em?®/(V-s), Cox = 1.125 pF/em?, Vi = le7 cm/s, A =0

NAME

Last So\un\\‘uf\/s First

GRAD/UNDERGRAD

Problem 1: /30
Problem 2: /20
Problem 3: /20
Total: /70

EECS 141: FALL 2009 — MIDTERM 1 1/9



PROBLEM 1. Logical Effort and Gate Sizing (30 points)

Cin = 5fF
a b c d

I Cload = 300fF

a) (6 pts) What is the path effort from In to Out?

In

F = 300F/5F= €0 PE= F-TLE-TR
MLE= 1-°/3= 1 PE = “too |
mi= 2

b) (2 pts) What EF/stage minimizes the delay of this chain of gates?

EFe=Upe

’Eﬁpvé 3.3

¢) (8pts) Size the gates to minimize the delay from In to Out.
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d) (6 pts) While maintaining the same logical functionality and without changing
Cin, can you improve the delay of this chain of gates (repeated below) by
changing the number and/or types of gates? Please draw an improved schematic
for the new chain of gates; you don’t need to provide gate sizes.

Original chain:

Cin = 5fF
a

EDg
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Improved chain:
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e) (8 pts) Now let’s imagine that you are working in a new technology where the y
(= Cp/Cg) of the transistors is 100. Now how would you redesign the chain of
gates in order to improve its delay? Please draw an improved schematic for the
new chain of gates; you don’t need to provide gate sizes. (You will receive partial
credit if you can explain in general how y should affect the design of the chain.)
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PROBLEM 2. (20 pts) Complex Gates and Delay.

a) (4 pts) Implement the function F = ((A ‘B) +C) -D with a complex static CMOS
gate.

<
-

b) (4 pts) Assuming Ry, = Rgqn, size your gate so that the worst-case pull up

resistance is equal to the worst-case pull-down resistance. What is the logical
effort of this gate from the A input?
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¢) (12 pts) Using the switch model for the transistors, what is the worst-case delay
of the gate shown below? You can assume that Cg = Cp = 2fF/um, Rygn =
10k€Q/1, and Ryqp = 20k€/1, and you should provide your answer in ps.
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PROBLEM 3. (20 pts) Miscellaneous

a) (8 pts) Using the simple switch model of the transistors with Ry, = 10k€/[],
Rygp = 20k€Q/[], and Vrn = |V1p| = 0.2V, draw the VTC of the circuit shown below
and provide the values of Vop, VoL, Vin, and Vi.. You can assume that the
NMOS and PMOS transistors inside of the inverters are sized such that their on-
resistances are equal.
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b) (6 pts) Using the velocity saturated model and assuming that both of the
transistors below operate in saturation, what value of Vj, makes the drain current
of the two transistors equal to each other?.
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¢) (6 points) How much total energy is dissipated by the inverter shown below when
In steps from 1.2V to 0V and then back to 1.2V? You can ignore all capacitors
associated with the transistors inside of the inverter.
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