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ABSTRACT: Leakage (or static power consumption) and process variation are two of the major problems faced by the semiconductor nanometer technologies. This research develops new power minimization methods for digital CMOS circuits considering process variation effects. Two components of power, namely, the leakage power and the glitch power are minimized while the overall circuit delay is controlled. The proposal describes the results obtained so far and a plan for completion. Most of the completed work is available in three published papers.

A mixed integer linear programming (MILP) technique is proposed to simultaneously minimize the leakage and glitch power consumption of a static CMOS circuit for any specified input to output delay. In a dual-threshold design, the number of high-threshold devices is maximized and a minimum number of delay elements are inserted to reduce the differential path delays below the inertial delays of incident gates. The key features of the method are that the constraint set size for the MILP model is linear in the circuit size and a power-performance tradeoff is allowed. Experimental results show 96%, 40% and 70% reductions of leakage power, dynamic power and total power, respectively, for the benchmark circuit C7552 implemented in the 70nm BPTM CMOS technology. Due to the exponential relation of subthreshold current with process parameters, such as, the effective gate length, oxide thickness and doping concentration, process variations can severely affect both power and timing yields of the designs obtained by deterministic methods. In this paper, we propose a second mixed integer linear programming method for a dual-threshold-voltage design that minimizes the leakage power and circuit delay in a statistical sense such that the impact of process variation on the respective yields is minimized. Experimental results show that 30% more leakage power reduction can be achieved by using statistical approach when compared with the deterministic approach.
