ELEC 5270-001/6270-001 Low-Power Design of Electronic Circuits 
Spring 2011
Homework 2 Problems
Assigned 3/7/11, due 3/21/11
Problem 1:
(a) In a CMOS technology all pMOS and nMOS transistors are designed to have identical “off” resistance of 10MΩ. In comparison, their “on” resistances are negligible. For a supply voltage of 1 volt, find the leakage current of a two-input NAND gate as a function of its input logic states.

(b) Construct a 2-to-1 multiplexer using four two-input NAND gates. Tabulate all input vectors and their leakage currents. Identify a minimum leakage vector (MLV) and a maximum leakage vector and specify their corresponding leakage currents.

Problem 2: The following circuit is implemented in 45 nm CMOS technology, which suffers from high leakage. For high speed, only low threshold transistors have been used. Each gate has a delay of 5ps and a leakage current of 100nA. 


[image: image1]
(a) Given that a gate with high threshold transistors has a delay of 12ps and leakage of 1nA, optimally assign thresholds to gates to minimize the leakage current without increasing the critical path delay for Carry output. Assume that delay of Sum output is not critical. What is the percentage reduction in leakage power?
(b) Resynthesize Carry output using two-input NAND gates directly as a function of A and B. Is it possible to further reduce leakage now? If yes, show how much reduction you can obtain.

(c) Is the dual threshold design in (a) better or worse than the original all low threshold design for glitch power?

Problem 3: Devise a procedure to order the given test vectors of a combinational logic circuit for minimum number of total input transitions when the maximum number of allowable transitions between consecutive vectors is specified. Apply your procedure to derive a minimum energy test sequence from four given vectors when the number of transitions between vectors is not to exceed 1. The vectors are:
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Problem 4: Consider the multiplexer circuit in the following schematic. The numbers in gates and buffers show their delays in time units. The input changes shown occur simultaneously. If each gate or buffer consumes 1 unit of dynamic energy per output transition then determine the total dynamic energy dissipation for the given input signals. Prove that the number of transitions at the primary output cannot exceed four for any set of hazard-free primary input transitions caused by an input vector-pair.

Problem 5: State and prove the maximum power transfer theorem. Show that for a greater than 90% power transfer efficiency the load resistance should be greater than mine times the internal resistance of the battery.
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