Homework 8 (30 points)


Problem #1:  Process Scaling

A state-of-the-art, synthesizable, embedded microprocessor from a company in the valley consumes 0.4mW/MHz when fabricated using a 0.18 (m process.  With typical standard cells (gates), the area of the processor is 0.7 mm2.  Assuming a 100 Mhz clock frequency, and 1.8 V power supply.  Assume short channel devices, but ignore second order effects like mobility degradation, series resistance, etc.

a) Using fixed voltage scaling and constant frequency, what will the area, power consumption, and power density of the same processor be, if scaled to 0.12 (m technology, assuming the same clock frequency?

b) If the supply voltage in the scaled 0.12 (m part is reduced to 1.5 V what will the power consumption and power density be?

c) How fast could the scaled processor in Part (b) be clocked?  What would the power and power density be at this new clock frequency?

d) Power density is important for cooling the chip and packaging.  What would the supply voltage have to be to maintain the same power density as the original processor?

Problem #2
A two-stage buffer is used to drive a metal wire of 1 cm. The first inverter is a minimum size with an input capacitance  Ci=10 fF and a propagation delay tp0=175 ps when loaded with an identical gate. The width of the metal wire is 3.6 (m. The sheet resistance of the metal is 0.08 (/(, the capacitance value is 0.03 fF/(m2 and the fringing field capacitance is 0.04 fF/(m.

a. What is the propagation delay of the metal wire?

Compute the optimal size of the second inverter. What is the minimum delay through the buffer?
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