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The following is a log-log plot of the operating power versus operating frequency for a 10-stage fanodt
of 4 inverter chain under voltage scaling. The technology used is the TSMC 0.24um.
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If we want to scale the voltage down and maintain the operating frequency by parallel processing, the following
table provides a table of how many parallel units we need and the associated power dissipation, using the
performance of a 1V supply inverter chain as the target.

Supply Units Power Freq

0.2 10276 1.82E-06 1.72E+08
0.3 1624 3.37E-06 1.72E+08
0.4 263 5.87E-06 1.72E+08
0.5 48 9.26E-06 1.72E+08
0.6 12 1.39E-05 1.72E+08
0.7 4 1.97E-05 1.72E+08
0.8 3 2.65E-05 1.72E+08
0.9 2 3.42E-05 1.72E+08

1 1 4.28E-05 1.72E+08

As can be seen, there is a diminishing returns in terms of increasing the number of inverter chains to
lower the power consumption at iso-frequency. Going from a supply of 1V to 0.2 V gets an order of
magnitude power reduction better than going from 1V to 0.7V but the number of units needed is
nearly 2500x difference. The “sweet spot” is between 0.6V and 0.8V. Going from 0.8V to 0.7V, we
need 33.33% increase in area for power reduction of more than 20% but going from 0.7V to 0.6V, the
area increase is 200% for a power reduction of about 60%!




The following figure shows the impact of sizing on the power versus frequency plot of the same
inverter chain at 1V supply voltage. An inverter of 1x is the same size as that from the previous
analysis and the inverter's beta ratio is maintained for each size increase.
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Power increases almost exponentially with each size increase but the frequency increase is worse
than linear. Thus, for this exercise, sizing should be used to achieve the initial frequency target and
then voltage scaling is used to meet the power consumption specifications. If this methodolody fails
the area target for this technology node, then the overall specifications will have to be revised by
either increasing power consumption and maintaining the frequency target, or lowering the frequency
target while maintaining power consumption.




