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Focus: Ultra Low Voltage Design

Supply voltage vs. CMOS technology node
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Energy [fJ]

Issue-1:

Leakage dominates at low supply voltage
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Energy vs. Supply voltage
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Total Energy — A 203-stage NAND2 ring oscillator

A 90-nm CMOS standard cell
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AlLeakage dominates the power and energy at low V
ALeakage determines standby power for portable devices



Delay [S]

Issue-2

Delay is large & variable at low supply voltage
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Delay vs. Supply Voltage Delay spread due to transistor mismatches
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Delay spread due to process variations
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ADelay increases exponentially
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at low Vg

ALarge delay spread in actual technology environment



