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Coordinated Multi-Mode Assist Circuits to Achieve Ultra-High
Operating-Speed and Energy-Efficiency for Low-Voltage

SRAM Equipping Power-Saving Modes
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Abstract

During the Southern Song Dynasty, the renowned general Yue Fei
illustrated the philosophy of selecting warhorses through his
famous “Dialogue on Excellent Steeds.” This historical allusion
emphasizes: “There are two types of excellent steeds: one excels in
enduring long distances, while the other is superior in swift bursts
of speed, but combining both traits is nearly impossible.” Inspired
by this philosophy, our design concept seeks to surpass traditional
limitations. Consequently, our team’s name, “Beyond the Dialogue
on Excellent Steeds,” represents our ambition to go beyond Yue
Fei’s original definition and establish a novel “Philosophy of the
Excellent Steed.” While ancient wisdom emphasized only the
trade-off between speed and endurance, it never addressed the
critical question: “How can we achieve both high-speed operation
and ultimate energy efficiency simultaneously?” This distinction
marks our innovative approach compared to conventional
thinking. Our goal is not merely to be “fast” or “enduring,” but also
“highly energy-efficient.”

With the continuous scaling of Integrated Circuit (IC) manufacturing
processes, chip integration levels have significantly increased. As a
result, reducing power consumption and improving energy
efficiency have become critical challenges for IC designers. From a
system perspective, completing tasks quickly and transitioning
circuits into standby, deep sleep, or even power-off modes are
essential power-saving strategies. This demands that all
sub-circuits be equipped with appropriate operational modes to
satisfy system-level requirements. Among all components within a
system-on-chip (SoC), static random access memory (SRAM)
consumes the most power. SRAM is a full-custom circuit and
already difficult to design. When combined with the requirements
for energy efficiency, power reduction, and support for multiple
modes, it presents an even greater challenge for designers:

1. Solely pursuing high operational speed - increases chip area and

power consumption, negatively impacting energy efficiency.

2. Solely targeting low operational power - reduces operating speed,

degrading performance.
3. Solely focusing on low standby power = sacrifices operating speed,
complicating overall design optimization.
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To address these challenges, this work proposes the “Philosophy of
the Excellent Steed”: an innovative design strategy for low-voltage
SRAM. Through the proposed coordinated multi-mode assist
circuits, the assist voltages of SRAM are dynamically adjusted
during read/write, standby, deep sleep, and shutdown modes,
thereby achieving high speed, high energy efficiency, and low
power consumption simultaneously. Implemented and demonstrated
through a 22-nm 0.5-V 256-Kb SRAM test chip, our design
significantly outperforms the current state-of-the-art 0.5-V SRAMs
of equivalent storage capacity, achieving the following metrics:

1. 6.25x higher operating frequency

2.91% lower energy consumption

3.83% standby power reduction

4.73% smaller area

5. Additional deep sleep and shutdown modes supported

This design embodies a modern “excellent steed,” effectively
blending high speed, high energy efficiency, and low power
consumption, thus pioneering a new paradigm for low-voltage
SRAMs in loT scenarios. This precisely defines the “Philosophy of
the Excellent Steed” proposed by our “Beyond the Dialogue on
Excellent Steeds” team: “Swift as the gale, quiet as deep sleep,
enduring as a thousand miles, and unmatched across the world!”

Fig. 1 Circuit of one bank of
proposed LV SRAM.

Fig. 2 Die photo of test chip.
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