ELEC 5970-001/6970-001 Special Topics in Electrical Engineering
Low-Power Design of Electronic Circuits 
Fall 2005
Homework 2
Assigned 9/13/05, due 9/22/05

Short-Circuit and Leakage Power

Problem 1: How will you design a CMOS circuit so that short-circuit current is completely eliminated?
Answer: Short circuit power is eliminated when VDD ≤ Vtn + |Vtp|, i.e., supply voltage is lower than the sum of the threshold voltage magnitudes for the n and p channel MOSFETs.
Problem 2: Qualitatively analyze the effect of reducing the transition (rise or fall) time of the input waveform on the short-circuit power of a CMOS inverter.
Answer: As transition time of the input signal decreases, the interval during which neither n nor p channel devices are in the cutoff state shortens. This is the interval during which the short-circuit current flows. Thus, reduction in the input transition time will reduce the short-circuit power.

Problem 3: As the output load capacitance of a CMOS gate is increased, how does the output transition time change? Does the short-circuit power dissipation increase or decrease?
Answer: Increase of the load capacitance increases the output charging time constant and hence proportionately increases the output transition time. As a result a larger proportion of the total current between the supply and ground is used for charging and discharging of the load capacitance and a smaller proportion flows to ground as short-circuit current. Thus, short-circuit power is decreased.

Problem 4: The following circuit is designed in 65nm CMOS technology using low threshold transistors. Each gate has a delay of 5ps and a leakage current of 10nA. Given that a gate with high threshold transistors has a delay of 12ps and leakage of 1nA, optimally design the circuit with dual-threshold gates to minimize the leakage current without increasing the critical path delay. What is the percentage reduction in leakage power? What will the leakage power reduction be if a 30% increase in the critical path delay is allowed?
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Answer:
Part I: Critical path delay must not increase.
Three critical paths are from the first, second and third inputs to the last output, shown by a dashed line arrow. Each has five gates and a delay of 25ps. None of the five gates on the critical path can be assigned a high threshold. Also, the two inverters that are on four-gate long paths cannot be assigned high threshold because then the delay of those paths will become 27ps. The remaining three inverters and the NOR gate can be assigned high threshold. These gates are shaded in the following circuit diagram.

The reduction in leakage power = 1 – (4×1+7×10)/(11×10) = 32.73%

Critical path delay = 25ps
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Part 2: Critical path delay can increase by 30%, i.e., should not exceed 32.5ps.

Several solutions are possible. Notice that any 3-gate path can have 2 high threshold gates. Four and five gate paths can have only one high threshold gate. One solution is shown in the next figure where six high threshold gates are shown with shading and the critical path is shown by a dashed line arrow.
The reduction in leakage power = 1 – (6×1+5×10)/(11×10) = 49.09%

Critical path delay = 29ps
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