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Ultra-DVS Motivation

Strong Inversion Operation: fast, power-hungry
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Sub-threshold operation: Slow,
lower power, minimum energy
operation becomes possible
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Dynamic Voltage Scaling (DVS)
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Dynamic Voltage Scaling with infinite levels saves
energy per sample when the workload varies
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Quantized DVS
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Quantizing the voltages decreases complexity, but
reduces savings if Vpj is constant for time constraint
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Gutnik and Chandrakasan, An Efficient Controller for Variable Supply-Voltage
Low Power Processing, Symposium on VLSI Circuits, 1996



Voltage Dithering
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Need to switch Vj in
the timescale of the
changing workload: 0

Existing approaches
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Quantized rates
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use 100s of
usecs to switch

Dithering within the time constraint gives
average energy close to the optimum

Gutnik and Chandrakasan, An Efficient Controller for Variable Supply-Voltage
Low Power Processing, Symposium on VLSI Circuits, 1996




Sub-V- Operation
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Sub-V+ Minimum Energy Operation
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Reason for Min. Energy Point
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Demonstrating UDVS

* Test chip to show combination of sub-
threshold operation with DVS

— Sub-threshold Circuit Considerations
— Local Voltage Dithering (LVD)
— Ultra-Dynamic Voltage Scaling



90nm Test Chip Circuit
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Test Chip Die Photo

\ L ICU R A uUu

FH|

90nm IIIIIL

6LM | B Header SIZ _ ' \ ( | '*!




Propagate, Generate creation
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Kogge-Stone Adder Circuits
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Preserving State in Sub-V-
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Measured Sub-V; Operation
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Minimum Energy Measurements
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Minimum Energy & Temperature
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Measured Standby Power Savings
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Local Voltage Dithering (LVD)

340MHz, 1.1V
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Timing Overhead for LVD

>

Dither

Counter | Gate | Clock Clock
Gating |—

Start | Threshold
%D ‘ ‘ Counter<Thresh)

W’“*“ﬂm Dither m . = Dither _@mv
A R LT le - W\
JLINALEL M RSN | (RS
 Clock/1024 | Rscodsnt S NN

Vpp, =0.9V, rate=0.5 Vpp, =0.6V, rate=0.04



LVD Circuit Issues
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UDVS Results
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Normalized Energy per sample (measured)

UDVS Flexibility
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Providing UDVS Voltages
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UDVS Block
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Can implement UDVS with 3 headers OR two
headers and an adjustable voltage supply




UDVS System Example
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Different blocks can voltage dither based on
their own workload for optimal efficiency



Conclusions

* Local voltage dithering allows near-optimum
savings for high performance, variable rate
systems

« Sub-threshold allows minimum energy operation

« UDVS allows performance and energy scaling
over the full operational range of V5
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