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Foreword
The times when information is most valuable are during change or transition to
support decision making where the facts are not clear. This book fills that need
at one of the most significant transitions in semiconductor technology since the
change from germanium to silicon.
Since their introduction, integrated circuits have continuously increased in
density because of the significant improvements in photolithography, the reduction in defect densities, and the development of new circuit topologies. It has
been a period of rapid advancement in the performance and integration of the
products built with semiconductors. Without a dramatic change, however, that
progress might have been limited by power density. That is, the integrated circuit
density would be limited by the power that the package could effectively removenot circuit complexity.
Fortunately, technology in the form of silicon gate oxide isolated CMOS has
been developed just in time to allow the improvements in density to continue.
This book is about that transition. what it means and how it's taking place.
It chronicles an industry during dramatic change and provides a clear explanation
of the past, the present, and the implications for the future.
It can be a vital aid to engineers and industry observers who need to plan
for the future before it arrives or for anyone who needs to stay abreast of the
semiconductor industry move to CMOS.
Mark Levi
Formerly Director of CMOS Marketing
National Semiconductor Corp.
Santa Clara, California

Preface to the Revised Edition
This revised edition has incorporated much new material, and also many changes
and additions were made in the sections on the capabilities and limitations of
silicon wafer processing. The semiconductor industry remains very dynamic, and
processing innovations are occurring very rapidly. It is impossible for any book to
keep up to date with this rapid rate of change, but if the basic ideas associated
with processing are understood, along with some of the technology reported by
the researchers, the reader will be in a position to more rapidly understand the
continuing evolution that takes place in the production lines.
An introduction to "band-gap" voltage references and how the difference
between the base-emitter voltages of two matched transistors, the ~ VBE voltage, is
used to provide a zero temperature coefficient reference voltage has been added
as background for a new CMOS op amp that has been included.
A section on Dynamic Safe Area Protection has been included because this
novel technique has allowed the output power capability of ICs to be extended
to 150 watts. In addition, the incorporation of large-area DMOS power transistors
in power MOS ICs is also mentioned.
The story of the search for a good PNP by the IC designers has been added
and the recent "vertically integrated PNP" process is described. Although many
processing steps are added, this is still reported to be lower cost than dielectric
isolation, a competing technology that also provides a good, compatible PNP.
A recent discovery of a way to provide an adjustable resistor, the "trimistor,"
by making use of the same physical mechanisms that take place in the "zener
zapping" trim technology has been included. The group of engineers who worked
on this project received the "Best Paper Award" at the 1987 Solid-State Circuits
Conference. The physical mechanisms of this new trimistor are described and the
way it was incorporated as an in-package adjustable resistor that allowed the
benefits of JFET transistors in front of a bipolar op amp, without having to suffer
from a large offset voltage, is covered.
The latest in high performance, CMOS op amps, has been added. A new
combination of both circuit design innovations and novel device structures (including the clever use of a parasitic lateral NPN bipolar transistor in a ~ VBE biasing
circuit) allows these op amps to be fabricated with a standard digital CMOS process
to insure compatibility with digital circuits. This eases the problem of mixing
digital circuitry with high performance linear circuitry on the same chip. A novel
"checkerboard-interconnected hexadecimal" (16 individual P-channel transistors), is used to provide two groups of eight paralleled transistors, each of which
is used for the pair of differential input transistors of the op amp. This trick, plus
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careful circuit design, essentially solves the usual problem of high offset voltage
in CMOS op amps. These general purpose op amps challenge the old position of
supremacy that bipolar op amps have long held.
It is my hope that this book continues to provide a good intuitive introduction
to wafer processing and also the background that is needed to more fully appreciate
the VLSI era, and the future of ICs.
Thomas M. Frederiksen

Preface to the First Edition
Another major electronic revolution is here-the Very Large Scale Integrated (VLSI)
Circuit Era. The coming changes will be more drastic than those associated with
the last: The Microprocessor Revolution. These new changes will affect all of the
electronic system companies. the integrated circuit (IC) designers. the IC companies. and even the system designers. In fact. the IC users of today will become
the VLSI chip designers of the future.
The purpose of this book is to trace the historical evolution that has brought
in the present CMOS VLSI Era. To lend perspective. Chapter 1 quickly reviews
the advances that have been made in solid-state electronics and traces the evolution of both amplifying devices and logic circuits. The chapter ends with a
discussion of some of the recent enhancements that have been made to the bipolar
integrated circuits.
Chapter 2 traces the difficult changes that have been made in IC processes
that have allowed the high volume production of Metal Oxide Semiconductor
(MOS) products. This evolution is traced from the early P-channel MOS (PMOS)
days. through the fast-paced. N-channel MOS (NMOS) breakthroughs. to the introduction of the early metal-gate Complementary MOS (CMOS) processes.
Chapter 3 traces the many developments that have improved the ability to
fabricate complex silicon wafers. Such topics as the move from diffusion furnaces
to ion implanters; the oxide isolation techniques that are both in production and
are under development in research labs; the important dry etching techniques;
the progress in high resolution lithography that is rapidly approaching the capability to define lines less than 1 /lm in IC production; and the complex multilayered IC chip interconnect schemes.
The reasons for the present emphasis on CMOS processes for the emerging
VLSI Era are discussed in Chapter 4. Many aspects of this move to CMOS VLSI
are considered from the standpoint of the IC suppliers. the IC customers. and the
effects on the people of both groups. An interesting way to comprehend the complexities of modern ICs is provided. The approach makes use of the more familiar
V. inch as a scaled-up minimum resolvable dimension. Then we show the scaledup areas that result when this scaling is applied to modern IC chips.
The wide variety of standard ICs that have been made available with the
advanced CMOS processes are described in Chapter 5. These range from CMOS
operational amplifiers (op amps), switched-capacitor filters and the digital-toanalog converters (OACs) and analog-to-digital (AID) converters of linear CMOS
to the many new products that are now available in digital CMOS. Changes in the
telephone system that were greatly helped with CMOS products are also included.
YV
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Performance improvements of a new CMOS logic family are described and
the benefits of CMOS for microprocessors and memory products are discussed.
This chapter ends with a step-by-step description of a CMOS process: a multiplelayer-metal, silicon-gate wafer fabrication sequence.
Semicustom and custom circuits are discussed in Chapter 6. The popular
semicustom gate arrays are described. Complete custom chips made up from
standard-cell arrays, functional-block arrays, and silicon compilers are some of
the IC concepts that are presented. These techniques are designed to reduce chipdesign turnaround time (and cost) and place increasing emphasis on ComputerAided Design (CAD) for VLSI. Much of the current thinking about these design
possibilities and the description of the requirements for the CAD systems are
presented.
The current status of the new developments in high leadcount IC packages
is the subject of Chapter 7. A wide variety of both insertion-type packages and
surface-mount packages are described.
Chapter 8, "A Look into the Future," discusses the many new techniques
that are being considered to develop advanced single-chip VLSI systems. The
importance of the new-found freedoms that exist in digital architectures are discussed and the theoretical problem of assessing an optimum architecture is mentioned. The future of silicon circuits, the Silicon Foundry, the place of software
in the VLSI Era, the limits of silicon ICs, and a look at recent developments in
gallium arsenide ICs are also subjects for this last chapter.
Thomas M. Frederiksen
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