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We present an advanced wavelength-division multiplexing point-to-point network enabled by silicon
nanophotonic devices. This network offers strictly non-blocking all-to-all connectivity while maximiz-
ing bisection bandwidth, making it ideal for multi-core and multi-processor interconnections. We
introduce one of the key components, the nanophotonic grating coupler, and discuss, for the first
time, how this device can be useful for practical implementations of the wavelength-division multi-
plexing network using optical proximity communications. Finite difference time-domain simulation of
the nanophotonic grating coupler device indicates that it can be made compact (20 um x 50 nmy,

low loss (3.8 dB), and broadband (100 nm). These couplers require subwavelength material mod-

ulation at the nanoscale to achieve the desired functicnality. We show that optical proximity com-
munication provides unmatched optical I/O bandwidth density to electrical chips, which enables the
application of wavelength-division multiplexing point-to-point network in macrochip with unprece-
dented bandwidth-density. The envisioned physical implementation is discussed. The benefits of
such an interconnect network include a 5-8x, improvement in latency when compared to a purely
electronic implementation. Performance analysis shows that the wavelength-division multiplexing
point-to-point netwark offers better overall performance over other optical network architectures.
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1. INTRODUCTION

For reasons of increased performance, reduced power, and
lowered design complexity, high performance processor
architectures are increasingly integrating multiple process-
ing cores on a single chip.'-? These chips exploit par-
allelism through multi-core and multi-thread processing,
but ultimately, their ability to continue to scale processor
performance depends on the ability of their on-chip inter-
connects networks (o keep pace. Computers, even at the
processor level, are now performance-limited by their net-
works. As designers continue to scale up the number of
threads and cores integrated on a single chip, they must
face conflicting demands. On one hand, more cores require
higher bandwidth, and on the otber hand higher integration
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limits the available silicon real estate and dissipated power.
Future chip architectures are hence challenged to provide a
low-latency, low-power, and high bandwidth network that
can effectively interconnect the cores, and can keep pace
with the computational performance improvements from
technology scaling.

Even more challenging, the ever-increasing demands
generated by new applications from military and com-
mercial sectors require successively more computational
power integrated on chip at a faster pace. Unfortunately.
vield and lithographic reticle limits eventually constrain
the number of processing cores on a single silicon chip.
There is a need to break through and scale beyond the
single reticle limit so that designers can extend their inler-
connect network with a design that can intimately inte-
grate multiple chips together. This, however, would require
much higher bandwidth-density 1/Os for these chips to
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