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Abstract-—--Single-Flux-Q}uantum (SF(}) Logie has high
potential for construecting ultra low power information
processing systems with high performances because of its
owDn natures. We have already developed SFQ-ICs designed
based on the cell-based design technigque. We have been
studying miero-architectures of a processor executing the
Java Byte Codes directly and multi-processor system
constructed by connecting the processors and memories via
the ultra-broad-band SF(} network switches, We also study
the timing-driven design technique in a pico-second scale
for realizing SF(Q-LSIs operating up to 100GH=z.
Throughout this study, we employ the concept of the
complexity-reduction (CORE), in which the high-speed
nature of the SF{} circuits is used for the reduction of the
circuit scale or simplification of the micro-architecture,
while the multi-processor system has high performances.
Reflecting the low power nature of the SF{} circuits, the
total power consumption including a eryo-cooler is one
order of magnitude smaller than that of the system based
on the semiconductor technology,

Why SFQ?

The extremely high throughput 18 required for the future
network devicez including zervers az well az the low powsr
consurnption. The SFQ technology haz capability to satiafy
theze two requirements simultaneouslsy,

See the figure below, The SFQ  signals have the
return-to-zero naturs, The ocircuits are released from the
recharge process of the interconnection which limits the
operation apeed of the sermconductor LETz, The width of the
SFQ pulze 18 only a few ps, resulting in a signal processor
operating up to 100 GHz.

An SFQ gate consumes only 100n™W 1n an operation period,
The power-delay(period) product of the SFQ gate 1z three
orders of magnitude amaller than that of other devices,
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Implementation of CORE Processor

To realize an ultra high-speed procsssor, the regiastsr files
should be placed as close to the AL as possible for any
rmicro-architecture, The low powsr nature of the SFQ snables
uz to conatruct real 3D circuits, leading to the realization of
zhort interconnections betwsen the ALTT and the regiater files,

The floor plan of a CORE proceszsor 1z shown in the next figurs,

The procsssor alone acts as the 25GHz-clock procsssor if the
clock frequency 1z 100GH= The processor 18 sc-called
Java-processor that exscutes the Jawva Byte Codes. From the
programmers” point of view, the objsct-onented, class-based,
machine-independent language like Java 13 required for
reducing the time-to-markest or the developrment cost. The Java
processor 18 bazed on the stack architecture, The SFQ circuits

can easily realize the stack caches using the shift registers,
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The photograph below shows a shift regiater circuit studied
under the project of the MEXT The circuit successfully
operates up to 55GHz. The cell-based design technique uzed
here can be expanded to an LET acale.
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Multi-Processor System

Higher performance 1z obtained by constructing a
roulti-processor ayvstern by connecting the CORE proceszors
and memories through the SFQ network swatches, The figure
below 12 the block diagram of the multi-proceszor aystem. The
ayatem conslats of the TUUMA (Unmiform memory acceszs-blocks
and the cache-cohsrent NUMA block The band width of the
UMA block meachss 12Thps,
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Power Consumption
The table below dizplays the estimated power conzumption
of the several combinations of the processors and memories,

Equrvalent CPU Performanecs 128bit, 100G Hz Local Clodl
mlze of Mam Memory: 4GB
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