ELEC 5970-001/6970-001 Special Topics in Electrical Engineering
Low-Power Design of Electronic Circuits 
Fall 2005
Exam 1

Assigned 10/18/05, due 10/25/05

Attempt all three problems.





Total points 30
Problem 1: Determine the activity factor α, the average probability of transitions per clock per gate output, for a four NAND gate exclusive-OR circuit. Assume that all gates have delays proportional to their fanout, the output gate has a fanout of 1, and all primary input vectors are equally likely. How will the activity factor change if 00 input pattern did not occur and the other three patterns occurred with equal probability. Use event-driven simulation for this problem.
Problem 2: A long interconnect of length L has a total resistance R = rL and total capacitance C = cL, where r and c are the distributed per unit length resistance and capacitance, respectively. Show that:

a. The delay time constant of the distributed interconnect is one half of that for a short interconnect having a lumped resistance R and a lumped capacitance C.
b. Delay of the distributed interconnect is a quadratic function of its length.

Use Elmore delay formula for this problem.
Problem 3: A 65nm digital CMOS device is found to consume equal amounts (P) of dynamic power and leakage power while the short-circuit power is negligible. The energy consumed by a computing task, that takes T seconds, is 2PT. The following strategies are being considered to reduce the power consumption. Determine the energy that the computing task will consume in each case:
a. Clock frequency is reduced to half, keeping all other parameters constant.

b. Supply voltage is reduced to half. This slows the gates down and forces the clock frequency to be lowered to half of its original (full voltage) value. Assume that leakage current is held unchanged by modifying the design of transistors.
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