Silicon ... beyond silicon: beginning of the end or end of the beginning
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The early 1960s were a the beginning of the eectronics revolution where slicon integrated
circuits built their current dominance, fundamentdly and pervesvely on talor-made materids,
dating a the aomic levd.  Thin-film depodtion techniques, particularly chemica vapor
deposition (CVD) and molecular-beam epitaxy (MBE) were developed. These developments
dlowed the control over materid condituents “in atomic amounts’, in order to form the active
part of high-performance devices.

The focus of these techniques — and particularly CVD — was, and dill is, to achieve a dructure in
which the modern CMOS technology, the maingtay technology and workhorse of the eectronics
revolution, can be affordably implemented, usng devices with ever-incressed speed, wider
bandwidth and lower power disspation. In this context,

new maeids and highly-engineered nove dructures with sliconrgermanium  and slicon
on-insulator as a subdrate for high peformance computing devices and processors have
demongtrated incrementd improvement in performance; and

integration of dlicon-on-sgpphire and glicon-germanium, dthough initidly met with maor
chdlenges, led to truly outstanding device performance.

The purpose of this presentation is to andyze mgor developments of the last few years in the
context of a driving-vison from the 1970s and to discuss a solution for a potentidly “ubiquitous’
thin film SGe-on-sapphire structure for CMOS technology. This proposed structure and other
vaious variances could revolutionize the information/communication technologies — insuring the
survivd of glicon technology — from both the technical and economic aspects.

The discusson will atempt to demondrate that the pursuit of development of these new
materids and nove dructures and their integration, for example, of SGe devices onto very low-
loss microwave subgtrates, sapphire and/or sllicon oxide is going to be important to the evolution
of eectronics over the next 15 years. The key roles of the materids issues and the need for
materias breakthroughs, as was the case 35 years ago, are a pre-requidte in the continued
viability of dlicon scding a the aomic and nanometer scale, and will be emphesized. The
sience and engineering for the required dlicon scading (< 50nm) in the 2010-2015 time scae
will have to meet chdlenges in an environment that, if dominated as today by short-term
commercid condderations, will be very different from that which characterized the Cold War
period. During the latter, initidly, defense-oriented markets, were driven dmost totaly by
performance and not by cost. The discusson will therefore consder the case of the intensdy
short-term industry driven need for ingtant profitability.

Forecadting the future trends in microgectronics is an extremely risky busness. However, it is
gopropriate in this ingance to be reminded with an 1834 quote from Lord Medbourne (William
Lamb, Second Viscount Mebourne): “What dl the wise promised has not happened, and what
al the ‘damned fools said would happen has cometo pass’.



