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Abstract

The information revolution has been the most important economic event of the past century and its most powerful driver has been
the silicon integrated circuit (IC). Over the past fifty years, the migration from BJT to CMOS technology combined with transistor
scaling has produced exponential benefits in microchip productivity and performance. However, as gigascale silicon technology
progresses beyond the 45 nm node, the performance of a system-on-a-chip (SoC) has failed by progressively greater margins to reach
the “intrinsic limits” of each particular generation of technology. The root cause of this failure is the fact that the capabilities of
monolithic silicon technology per se have vastly surpassed those of the ancillary or supporting technologies that are essential to the
full exploitation of a high performance SoC, especially in areas of cooling, off-chip signaling, and power delivery. Revolutionary
silicon ancillary technologies are urgently needed to address these limits on 2D and 3D gigascale systems.

In this presentation, | will discuss novel electrical, optical, and ‘thermal’ interconnect and system integration technologies to
address the above grand challenges. The electrical interconnects provide power delivery and signaling, the optical interconnects
support massive off-chip (3D stack) bandwidth, and the ‘thermal’ interconnects (based on micro-liquid cooling) provide heat rejection
from a 3D stack of high-performance chips (interlevel cooling). The overarching strategy of this novel research is to extend and utilize
low-cost wafer-level batch processing, the key to the success of Si technology, to the ancillary technologies that have now become the
“millstone around the neck of Si technology itself.” Compact physical modeling, trade-off analysis, and the impact of these
technologies on microchip and system performance are also presented.
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