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Show your work. Derivations are required for credit; end results are insufficient.
Closed book. No electronic mental aids.

Honor Pledge: I have neither given nor received aid in this exam.
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1. (5 pts.) kn = Wµnεox

Ltox
When the move from SiO2 to high-κ gate dielectric occurred, what

qualitative changes were made to the variables upon which kn depends? Use only a few
sentence fragments for your answer.

2. (10 pts.) Consider a static CMOS gate implementing the following function:

f(a, b, c) = ab + bc

This gate is subjected to the following transition a = 1, b = 0, c = 1 → a = 1, b = 1, c = 1.
Will the gate’s dynamic energy consumption be greater if its inputs come from other static
static CMOS gates and inverters, or from DCVSL gates? Use one sentence to explain why.
You may also use a schematic if that makes your answer clearer.

3. (10 pts.) Given process variation resulting in a Gaussian distribution of threshold voltage
around its nominal value, will total integrated circuit sub-threshold leakage power consump-
tion be higher, the same, or lower than that of an integrated circuit in which all transistors
have nominal threshold voltages? Use at most two sentences to explain why.

4. (10 pts.) Determine the high-to-low propagation delay for an inverter with a 500 nm wide
NMOSFET and a 1 µm wide PMOSFET with its output connected to another identical
inverter. Assume the default 250 nm process. Do consider overlap capacitance. Recall that it
is necessary to consider both bottom and sidewall capacitance. You may neglect the resistance
and capacitance of the wire connecting the two inverters. Note that the switch model reference
table gives values for W/L = transistors. Show your work.

5. (10 pts.) Assuming the default 250 nm process, determine the minimum and maximum
percentage change in subthreshold leakage current of a minimal-width NMOSFET given that
the threshold voltage may deviate by 0.1 V from the nominal in either direction. You may
assume that n = 1.5.



6. (10 pts.) Determine the Elmore delay from Node a to Node b in the following circuit.
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7. (10 pts.) Show the circuit diagram for a static CMOS implementation of the following
function sized to have the same resistance to ground and VDD as an inverter with a W
wide NMOSFET and an 2W wide PMOSFET. You may assume access to complemented and
uncomplemented input literals, i.e., a and a.

f(a, b, c) = (ab + ab)c

8. (0 pts.) Was this exam 2 tricky and surprising or did it 2 fairly closely follow the material
we focused on in class?

COX CO Cj mj φb Cjsw mjsw φbsw

(fF/µm2) (fF/µm) (fF/µm2) (V) (fF/µm) (V)
NMOS 6 0.31 2 0.5 0.9 0.28 0.44 0.9
PMOS 6 0.27 1.9 0.48 0.9 0.22 0.32 0.9
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