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A I Study on ultralow-power SRAM and logic-system technologies using CMOS/Beyond-CMOS
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The thesis is entitled “Study on ultralow-power SRAM and logic-system technologies using
CMOS/Beyond-CMOS devices”, which consists of the following six chapters.

The 1%t chapter describes the importance of mobile-edge and wearable layers in hierarchical computing
systems used in future smart society, and challenges for logic systems used in these layers are briefly
reviewed. Then, technological strategies aimed at resolving these challenges are pointed out. Finally, the
purpose of this thesis is stated, that is to develop circuit and device technologies to resolve the challenges
for logic systems in the mobile-edge and wearable layers of future hierarchical computing systems.

The 2" chapter demonstrates design and macro technologies for ultralow-voltage retention SRAM
(ULVR-SRAM) that can achieve the three-mode operation of normal-voltage, energy minimum point
(EMP), and substantive power gating (PG) operations. The developed design methodology based on noise
immunity for the constituent-transistor variation enables the ULVR-SRAM cell to allow a high yield
satisfying 6o failure probability for the random local variation. The impacts of the PG and EMP operations
are revealed using ULVR-SRAM macros with the optimally designed cells. The ULVR-SRAM can reduce
the standby power by 90% or more using the substantive PG and the active power by 99% using the EMP
operation.

In the 3" chapter, a processing-in-memory (PIM)-type binary neural network accelerator (BNA) macro
is developed based on the ULVR-SRAM technology. The EMP operation of the BNA macro can
significantly improve the energy efficiency of inference and enable it to enlarge the degree of
parallelization of multiply-accumulate (MAC) operations, resulting in enhancement of the processing
performance. From benchmarks using fully-connected-layer networks organized by multiple BNA macros,
the networks can achieve high processing performances of 0.5-4 TOPS with high energy efficiencies of
61-65 TOPS/W.

The 4™ chapter focuses on a new type of piezoelectronic transistor (PET) as a beyond-CMOS device,
which can achieve high-speed operations even at an ultralow-voltage of ~0.2 V. The developed design
methodology can give optimized device structures satisfying a desired on-current at an ultralow
driving-voltage or a desired off-current at the shutdown state. The performance of SRAM configured with
PETs is also shown. A PET-based SRAM can operate with ~1 GHz at 0.2V, which can reduce the
power-delay product by 1/10 or less in comparison with advance-CMOS-based SRAMs.

The 5™ chapter demonstrates the design and performance of a new type of thin-film micro thermoelectric
generator (WTEG) module using body heat for self-powered wearable device (WD) applications. A
lumped-constant circuit model for the pyTEG module and a design optimization algorithm for the entire
module structure using the circuit model are developed. The optimally designed WTEG module with
wide-wristband-style mounting (100 cm?) can exhibit high output power (~1 mW), which can be applied to
the power source of self-powered WDs.

The 6™ chapter summarizes the demonstrated results and describes the conclusion of the thesis. Through
the technologies developed in the thesis, the energy and power issues for mobile-edge and wearable logic
systems can be resolved, which can pave the way for future human-oriented smart society.
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