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Focus: Ultra Low Voltage Design

Supply voltage vs. CMOS technology node

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

_ High Performance Voltage scaling:
A Most effective technique for
- power reduction
! Low Power A But at low supply voltage
Conl of Ultra L I Leakage dominates

- oal o ra Low . , :

- «—— Voltage Design i Delay is large and variable

g *< 300mV
0 0.1 0.2 0.3 0.4 0.5

Channel Length L (mm) (ITRS]



Energy [fJ]

Issue-1:

Leakage dominates at low supply voltage
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AlLeakage dominates the power and energy at low V
ALeakage determines standby power for portable devices
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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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ALarge delay spread in actual technology environment
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Solution: Use pass transistor logic!

Pass Transistor Network
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A No VDD and GND connections in the logic path
I Nearly zero leakage through the logic path
I Can keep scaling down the threshold voltage
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SAPTL.:
Sense Amplifier-based Pass Transistor Logic

Pass Transistor network

Data inputs

Sense
Amplifier

Data outputs

Timing control

CK o
Sense amplifier to recover

Leakage path only exists in the voltage swing and reduce delay
root node driver and sense amplifier
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SAPTL Computation:
to contain leakage while reducing threshold

Stack Sense Amplifier
i
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ACurrent steering AOutputs pre-charge to Vy to reset

AWorks for very low I, to |« ratio ALatch retains the computation results

ACould be programmable

ALow voltage operation down to 300mV
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SAPTL Control:

to deal with delay variation & uncertainty
P

Data inputs

Sense
Amplifier

Data outputs

Timing control

Fact:
A Computation delay varies in actual technology environment

I lon to lo current ratio varies and changes the stack delay
I Offset variations in the sense amplifier reduce the stack output margins

A Energy efficiency is function of timing accuracy
I Turn off the sense amplifier when inactive

A Synchronous timing is too conservative

I Unable to track local delay variations

I Additional skew and jitter in the clock distribution
Solution: Use Self-timed control!

I Exploit local timing information

I Low implementation cost in SAPTL
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Data Evaluation
In Bundled-Data Self-Timed SAPTL
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* RTA : Relative Timing Assumption 12



Data Reset
In Bundled-Data Self-Timed SAPTL

1. Din=

H Data inputs |
L ,.--- Din and Din 2. Sout- unwanted GLITCH!

Driver Dout

. Sense
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Logical low Amplifier Dout
Reqgout
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Issue: Opposite stack output charges up if Reqin is still low
ADegrades the reliability of the self-timed operation

Alncreases the energy dissipation 13




