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The thesis is entitled “Study on low-power technologies for CMOS logic systems using
nonvolatile/virtually-nonvolatile retention”, which consists of the following 6 chapters.

The 1%t chapter describes standby-power problems in CMOS logic systems, in particular,
microprocessors (uPs), which restrict the performance and degree of device integration of pPs. Then,
power gating (PG) architecture for standby power reduction for uPs is introduced, and issues on PG for
caches in uPs are discussed. Especially, it is pointed out that nonvolatile/virtually-nonvolatile retention is
effective at improving the PG efficiency of caches. Finally, the purpose of the thesis is stated as follows: To
develop SRAM technologies using nonvolatile/virtually-nonvolatile retention and energy-efficient PG
architectures using them, and to reveal performance of the PG architectures applied to pPs.

The 2™ chapter addresses energy performance indices for evaluating PG efficiencies using nonvolatile
SRAM (NV-SRAM) and virtually-nonvolatile retention SRAM (VNR-SRAM), in which break-even time
(BET) and power reduction rate (ypg) are defined and formulated. Design indices of the NV-SRAM and
VNR-SRAM based on device variability is also discussed. The system organizations of the NV-SRAM and
VNR-SRAM are described.

The 3 chapter describes design methodology, architectures, and performance of the NV-SRAM. The
design methodology based on the static noise margin and store currents to the nonvolatile elements with
careful consideration of device variability and the architectures for improving BET and yp are developed.
The standby power and BET of the NV-SRAM is dramatically reduced for the optimally designed
NV-SRAM with newly proposed hierarchical store-free (HSF) and proactive useless-data flush (PUDF)
architectures.

The 4™ chapter addresses a new PG architecture using ultralow-voltage retention with the VNR-SRAM.
The design methodology of the VNR-SRAM for maximizing its data-retention stability at ultralow voltages
is developed. The excellent standby-power reduction ability attributed to the substantively minimal BET of
the VNR-SRAM is demonstrated.

The 5% chapter investigates the effects of the PG architectures using caches configured with the
NV-SRAM or VNR-SRAM on pPs. The remarkably high standby-power reduction abilities of the
NV-SRAM and VNR-SRAM are demonstrated. It is also revealed that the minimally short BET value of
the VNR-SRAM is effective at not only achieving temporally fine-grained PG but also reducing the
average standby power of puPs depending on distribution of the standby state durations.

The 6™ chapter summarizes the results demonstrated in this thesis and concludes that the NV-SRAM and
VNR-SRAM technologies and the PG architectures using nonvolatile/virtually-nonvolatile retention with
them would be a basis for ultralow-standby-power CMOS logic systems.
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