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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 Qualitative questions

1. (10 pts.) Indicate whether each of the following has been increasing (↑) or decreasing (↓)
with process scaling for synchronous integrated circuits. If you feel the need to qualify your
answer, limit the qualification to three words at most.

(a) Clock frequency

(b) Power consumption per device per switching event

(c) Dynamic power consumption as a proportion of total power consumption

(d) tox

2. (10 pts.) Draw the side view of both an NMOSFET and a PMOSFET, showing the locations
for source, drain, and gate, and indicating the type(s) of material used in each portion of the
structure. Indicate class and concentration of dopants using the standard notation.



3. (10 pts.) Using no more than three sentences, each, explain why

(a) Threshold voltage decreases for very short NMOSFETs and

(b) Threshold voltage increases for narrow NMOSFETs.

4. (10 pts.) Use one sentence, each, to answer the following questions:

(a) Give one reason why the switch from Al to Cu interconnect required moving to the dual
Damascene process.

(b) Give one reason for an increase in the complexity of individual design rules with process
scaling.

(c) Indicate one important use of CMP during the fabrication process.



2 Quantitative questions

5. (10 pts.) Consider the circuit shown in the following figure.
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Given that Vin has been 0 V for a very long time, and changes instantly to 2.5V at t = 0, de-
rive the expression for VCG(t). It is fine to simplify the problem by converting the resistances
and capacitances to lump sum values. Please simplify your expression as much as possible.



6. (10 pts.) Consider the transfer function shown in the following figure.
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Report NML and NMH for this technology. I understand that you are estimating these values
from the plot so answers within 5% of the right value will be considered correct.

7. (20 pts.) Determine the steady-state current through a floating-output inverter built from
minimal-width (i.e., it is an unbalanced inverter) and minimal-length FETs in the default
process for each of the following values of VGS : 0 V and 0.2V. You are encouraged to simplify
the problem. However, you must state the reason that each simplifying assumption is valid
and your final result must be reasonably accurate. Show your work.



3 Reference material

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

Name Value
kT/q 25.875 mJ/C

NMOSFET IS 21.0 pA
PMOSFET IS 41.8 pA

n (for ID calculation) 1.5
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