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INTRODUCTION

Since the invention of the bipolar transistor in 1947, there has been an unprece-
dented growth of the semiconductor industry, with an enormous impact on the
way people work and live. In the last twenty years or so, by far, the strongest
growth area of the semiconductor industry has been in silicon very-large-scale-
integration (VLSI) technology. The sustained growth in VLSI technology is fueled
by the continued shrinking of transistors to ever smaller dimensions. The benefits of
miniaturization — higher packing densities, higher circuit speeds, and lower power
dissipation — have been key in the evolutionary progress leading to today’s com-
puters and communication systems that offer superior performance, dramatically
reduced cost per function, and much reduced physical size, in comparison with
their predecessors. On the economic side, the integrated-circuit (IC) business has
grown worldwide in sales from $1 billion in 1970 to $20 billion in 1984 and is
projected to reach $185 billion in 1997. The electronics industry is now among the
largest industries in terms of output as well as employment in many nations. The
importance of microelectronics in the economic, social, and even political develop-
ment throughout the world will no doubt continue to ascend. The large worldwide
investment in VLSI technology constitutes a formidable driving force that will all
but guarantee the continued progress in IC integration density and speed, for as
long as physical principles will allow.

1.1 EVOLUTION OF VLSI
DEVICE TECHNOLOGY

Anexcellent account of the evolution of the metal-oxide-semiconductor field-effect
transistor (MOSFET), from its initial concept to VLSI applications in the mid-
1980s, can be found in the paper by Sah (Sah, 1988). Figure 1.1 gives a chronology
of the major milestone events in the development of VLSI technology. The bipolar
transistor technology was developed early on and was applied to the first integrated-
circuit memory in mainframe computers in the 1960s. Bipolar transistors have been
used all along where raw circuit speed is most important, for bipolar circuits remain
the fastest at the individual-circuit level. However, the large power dissipation of

1
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