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Abstract

A Study on Dynamic Voltage Scaling Scheme [

for Self-Timed Data Drive Processor

Hironobu Hatakeyama

In recent years, improving the power/energy vs. performance efficiency of micro-
processors has been important more and more in both high-performance and embedded
computing fields. The modern microprocessors thus introduce the power gating (PG)
techniques for leakage power reduction and the dynamic voltage scaling (DVS) tech-
niques for switching power reduction. However, its total amount of power reduction
depends on the trade-off between direct power reduction and control overhead of those
techniques.

This paper focuses on a pipeline architecture to consume essential power for its
pipeline processing by adopting a fine-grain and autonomous power control. To realize
this, self-timed pipeline (STP) is one of the suitable circuit architectures because its
on-demand transfer control activates pipeline stages only operating valid data to per-
form handshake between the stages. Therefore, the switching power is proportional to
the pipeline throughput so that the STP can adaptively consume electric power along
with its processing load by virtue of its local data-transfer control. For instance, the
proportional-integral- differential (PID) control method can be easily applied to control
voltage scaling by monitoring electric current of a target power domain within a chip
even if any program is executed on the chip.

This paper studies on a runtime dynamic voltage scaling scheme based on the PID
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control and its application to an ultra-low-power data-driven chip multiprocessor (ULP-
DDCMP) chip fabricated by 65 nm CMOS process. In this application, a target voltage
table for the PID control is designed based on actual power measurement results of
the chip and then each PID coefficient is optimized by using the step-response method.
As a result, optimized voltage scaling time to the target voltage can be reduced 20 %

compared with the trial-and-error optimization method.

key words self-timed pipeline, dynamic voltage scaling, proportional-integral-

differential control
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