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— Power: The Dominant Design Constraint (1)

Cost of large data centers solely determined by power bill ...
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Powe : : ign Constraint (2)
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Power ption and battery capacity trends
[Ret: ¥. Nusvo, ISSCC04]
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Accelerated since the 1990s, but slower than IC power growth.

(fe5-1)

Current Battery Technology is

Inadequate

_Battery Recha ble? Whib Whilitre
Alkaline MnO2 NO 658 47
Siiver Oxide NO 60 500
LilMnO2 NO 105 550
Zinc Air NO 140 1150
NiCd YES 23 125
Li-Polymer YES 65-90 300415

= Example: 20-watt battery
» NiCd weighs 0.5 kg, lasts 1 hr, and costs $20
- Comparable Li-lon lasts 3 hrs, but costs > 4x more
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"Power: The Dominant Design Constraint (3)

Exciting emerging applications requiring “zero-power”
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[ How Much Energy Can One Scavenge in 1 cm?
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Reference case: the human brain
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(brain): 20 W
{mamwlsl'glssmetbn 2% of the weight)
Power density: ~15 mW/cm?
Nerve cells only 4% of brain volume
Average neuron density: 70 million/cm?
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Power in CMOS gates
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* Powsr is governed by the 3 part equation above
Dynamic CVF (swilching} power
+ CLMAOERLIN el sttt MK I SraBor by Kwnring Vidd and VIh
- Leakage Power
= Subthreshokd condction - gets Linger whan VIR i lowaned
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a branaition) 80 we won't woery about i hee

Reduce the active load: Technology scaling:
+Minimize the circuits *The highest win

*Use more efficient design *Thresholds should scale
*Charge recycling *Leakage starts to byte
+More efficient layout *Dynamic voltage scaling

P sw = k CL ch fcr.x

ey R e
«Conditional clock *Use parallelism
*Conditional precharge *Less pipeline
*Switching=off inactive stages
blocks *Use double-edge
*Conditional execution flip-flop
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mc Power (Leakage) May Ruin Moore's Law
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eakage as an Extra Complication
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PowerDensity Increases

Unsustainable in the long term
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Barriers to Future Voltage
Scaling

= Voltage scaling requires threshold voltage V, 1o be scaled as well Wﬂ"‘“‘l
(15% per generation) e e S pgﬂ,
+ this increases sub-threshold leakage current \
« impact on power consumption and circuit robustness
= Leakage power
» lotal leakage current goes up 7.5x per generalion
+ leakage power pewes by Sx
+ secoallbecome a significant portion of total
& active power remains constant for constant die size NN El‘ﬂl—‘
+ |eakage power, and therefore total power, can be substantially Lidh V.
reduced by cooling 3 -i‘

» Essential to control die temperature
a power density (Wicm?): 0.6 micron chips surpassad a hot plate!
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Power budgets of leading general purpose (MPU) and special
purpose (ASSP) processors
[Riat: maarsy combined sources]
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reshold Voltage Trends
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Voltage reduction proj dto
Oplimistic scenario — some claims exist that Vo may get s‘l_@s around 1V

[Fit: [TRS 05, Low power scenario] ok AV ava

Mhmlogy Scaling

Technology innovations offer some relief
— Davices that perform better at low voliage without leaking too
much
But also are adding major grief
= Impact of increasing process variations and various failure
hanisms more  in low-p design regime

Most plausible scenario
— Circuit- and system-level soluti tial to keep
powsr/energy dissipation in check
- Slow down growth in computational density and use the
obtained slack to control power density increase
= Introduce design techniques to operate circuits at

nominal, not worst-case, conditions
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Metrics for Power

= Power
- sels battery life in hours
. problem: power « frequency (slow the system!)
« Energy per operation
» fixes obvious problem with the power metric
- but can cheat by doing stuff that will slow the chip
Energy/op = Power * Delay/op

= Metric should capture both energy and :,{.2[,
performance: e.g. Energy/Op " Delay/Op k. ey

® Energy*Delay = Power*(Delay/Op)? ‘::t tuﬁ "
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