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® Keep the input and output rise/fall times the same
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® If Vyq< Vi, + | Vip| then short-circuit power can be eliminated!
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e Leakage control is critical for low-voltage operation
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6.  %0))

'
%# 3
Year of Introduction | 1999 | 2000 | 2001 | 2004 | 2008 | 2011 | 2014
Technology node | 44, 130 | 90 60 40 30
[nm]
Supply [V] 1518 | 1.5-18 | 1.2-15 | 09-1.2 | 0.6:0.9 | 0.5-06 | 0.3-0.6

Wiring levels. 67 | 67 7 8 9 | 910 | 10
Max frequency 14.9
(GHalLooaGlopal | 12 1614|2116 | 352 | 7425 | 13 | 197
MaxuPpower W] | 90 | 106 | 130 | 160 | 171 | 177 | 186
Bat. power [W] 14 | 17 | 20 | 24 | 21 | 23 | 25
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t, decreases by 13%/year
o 50% every 5 years!
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P.Gelsinger: Processors for the New Millennium, ISSCC 2001

P.Gelsinger: Processors for the New Millennium, ISSCC 2001

Power dissipation
— Pentium 4W/cm?
— Hot plate 10W/cm?
— Pentium I1 20W/cm?,
— Pentium 111 50W/cm?
— Nuclear reactor 200W/cm?
(Source: S. Borkar, IEEE Micro 1999)
Design variations
— PTV variations (process parameters, temperature
and voltages including threshold voltages)
Wire delays

— Clock network, memory bandwidth
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