Name __________________________________________________________________


ELEC 6270 Low-Power Design of Electronic Circuits
Fall 2007 Final Exam

December 11, 2007 (take-home assignment Dec 10, 2007)
    Total 30 points
Broun 306, 2:00PM—4:30PM (email submission anytime on Dec 11, 2007)
Instructions: Read all questions before writing your answers and attempt all six (6) questions. Be sure to revise your answers before turning them in. Thank you.
Problem 1:








6 points

In a CMOS technology, every two input gate (inverting or noninverting or exclusive-OR type) consumes one unit of dynamic power. A flip-flop consumes 8 units of dynamic power only when it is clocked, irrespective of its data input. Static and short-circuit power components are negligible. To reduce the power consumption of a long shift register design a gated-clock flip-flop and determine the average power saving if the shift register input is (a) random string of bits, (b) alternating 0 and 1 bits, (c) fixed 0 or 1 bit.
Problem 2:








6 points
Prove that in a combinational circuit with no glitches, no signal can have more than one transition per input vector.
Problem 3:








6 points
A combinational circuit is designed using a CMOS gate library containing devices with three different thresholds. For each gate function, three values of leakage currents and three values of delays are specified: (a) Low-threshold – high leakage, small delay, (b) Medium threshold – low leakage, higher delay, and (c) High threshold – very low leakage, highest delay. Define the variables and constants for an integer linear program (ILP) and specify the objective function for threshold assignment to minimize leakage without increasing the overall delay. Write the ILP constraints for a typical gate in the circuit.

Problem 4: 








6 points
Determine state assignment for a four-bit synchronously clocked binary counter for minimum activity in flip-flops. The counter has an asynchronous initialization input, which causes an output 0. A synchronous count input, when 1, advances the state of the counter when it is clocked. The output remains 0, after 15 state advances becomes 1, and then on the next count the circuit goes to the initial state.

Problem 5:








6 points

A CMOS processor has a rated supply voltage 1.5V and clock frequency 2GHz. Its average power consumption is 100W, which is equally divided between the dynamic power and static power. Assuming that the delay of a gate in the technology is proportional to VDD/(VDD – Vt), where threshold voltage Vt = 0.5V. A low energy mode uses a lower supply voltage and a reduced frequency clock. Determine the voltage and clock frequency that will minimize the average energy consumption per cycle. Compare the power consumption and energy per cycle for the rated and low energy modes.
Problem 6 (Bonus Question): 





2 points

In low-power design will you minimize the power dissipation or the power-delay product? Justify your answer.[image: image1.png]
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