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Compute performance must continue to scale to meet the growing proliferation of computing capability
and the reduced price per performance expected from computing systems manufacturers. Indeed, we have
already witnessed over 5 orders of magnitude improvement in performance-per-dollar over the last three
decades, well in excess of the improvements delivered by technology scaling alone. "Redshift" applications
are those that are underserved by Moore's law, and require continued scaling and improvements in
efficiencies at the system level. Examples of such applications include content servers and high-performance
computing.

For reasons that include hiding memory and wire latency, reducing power dissipation, and managing
design complexity, it is now evident that multi-core, multi-threaded processors are necessary for continued
scaling of microprocessor performance. But this architectural scaling of processors alone is insufficient to
meet all application requirements. System limitations in interconnect power, bandwidth, and density threaten
to mask the benefits of improved chip performance, and hinder our ability to create large, power-efficient
machines with optimal bisection bandwidth and adequate performance on critical performance benchmarks.
For instance, HPC systems require sophisticated architectures for optimizing an increased number of
processor-memory units, lower latency signaling between chips, and larger system bisection bandwidths for
communication. Currently, the top HPC systems have bisection bandwidths between 1 and 1OTbps and next-
generation systems are looking for 10-1OOX improvements in bandwidth.

Based on current and soon-to-be-available optical interconnect modules, one can design enough system
bandwidth to enable optical interconnection of modest arrays of processor/memory units. Simply scaling
such system architectures would necessitate vast numbers of optical modules and fiber optic cables. Among
the issues of concern in such systems are ways to increase the link data rate while maintaining low cost and
high overall system reliability. We believe that techniques that increase the number of effective channels per
fiber, such as WDM and multi-level encoding, will be key. By virtue of its abilities to achieve dense
integration, promote electrical-optical symbiosis', utilize wafer-scale Silicon manufacturing, achieve WDM
and other encoding techniques, group IV photonic interconnects appear to be a promising optical
interconnect candidate. In this presentation, we will consider such intra-system applications and present some
performance targets for group IV photonic interconnects.

An examination of processor trends leads one to the conclusion that we will no longer think of
processors as single chips but rather as micro-systems that integrate into a package several chips, with
multiple cores, and with each core capable of launching multiple computing threads. This micro-system

I There are many opportunities for electrical-optical symbiosis; for instance, we (and other groups) have shown that it is
possible to significantly extend (by over 2x) the modulation bandwidth of Silicon optical modulators by using electronic
pre-emphasis and equalization circuits. As a complementary example, it is easier for the optical channels to transport
10-20Gbps modulated signals globally on-chip, which would otherwise require either electrical transmission lines or
power-hungry repeaters that are not convenient or efficient to implement in CMOS.
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represents the focal point of communication and also of power consumption in the system, stressing
bandwidth density and power density (Figure 1). Taken as an entity, such a micro-system will immensely
benefit from advanced communication technologies. Within the multi-chip processor package, one may
envision high bandwidth and low power electrical signaling technologies such as proximity communication
(using low-energy capacitive or inductive coupling) for communication between adjacent chips. Proximity
communication provides high-bandwidth, high-density channels between two chips, however is only
applicable over very small distances. To complement this, optical links provide dense data communication
between packages for larger distance (Figure 2). In addition, such a system would likely require high-speed
electrical channels for system I/O, testing, and configuration.
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Figure 1: Processor power dissipation and system cooling trends.
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