PREFACE:

As a result of improvements in fabrication technology, Large Scale Integrated (LSI) electronic
circuitry has become so dense that a single silicon LSI chip may conlain tens of thousands of
transistors.  Many LSI chips, such as microprocessors, now consist of multiple, complex
subsystems, and thus are really inzegrated systems rather than integrated circuits.

What we have seen so far is only the beginning. Achievable circuit density now approximately
doubles with each passing year. How long can this continue, and how small can the transistor be
made? From the physics we find that the linear dimensions of transistors can be reduced 1o less
than 1/10 of those in current integraled systems before they cease to function as the sort of
switching elements from which we can easily build digital systems. Tt will eventually be possible
to fabricate chips with hundreds of times as many components as today’s. The transistors in such
very large scale integrated (VLSI) systems will ultimately have lincar dimensions smaller than the
wave-length of visible light.  New, non-optical, high-resolution lithographic techniques are now
being developed by many firms to enable fabrication of such circuitry.

The emerging VLSI presents a challenge not only to those involved in development of
appropriate fabrication technology, but also to computer scientists and computer architects, The
ways in which digital systems are structured, the procedures used to design them, the tradeoffs
between hardware and sofiware, and the methodology and metrics of analysis of algorithms will
all be greatly affected by the maturation of electronic technology towards its maximum density.
We believe this will be an important area of activily for computer science on through the 1980's.

Until recently, the design of integrated electronic circuitry has been largely the province of circuit
and logic designers working wilhin semiconductor firms.  Computer system  architects have
traditionally built systems from standard integrated circuits designed and manufactured by these
firms, but haven’t oflen participated in the specification and design of thesc integrated circuits.
Flectrical Engineering and Computer Science (EE/CS) curricula have reflecled this tradition, with
courses in device physics and integrated circuit design aimed at and generally taken by different
students than those intercsted in digital system archilecture and computer science.

This text is written to fill a current gap in the literature, and provide students of computer science
and electrical engineering with an introduction tv integrated system architecture and design.
Combined with individual study in related rescarch areas and parlticipation in actual system
design projects, the texl could serve as a basis for a graduate course sequence in integrated
systems.  Portions could be used for an undergraduate text on the subject, or to augment a
graduate course on computer architecture. It could also be used 1o extend, in the system
direction, a classical clectrical engineering course in integrated circuits. We assume the reader’s
background contains the equivalent of an introduclory course sequence in computer science, and
introductory courses in electronic circuits and digital design.



Up till now there have been major obstacles in the path of those attempting to gain an overall
understanding of integrated systems. Integrated electronics, developing in a heatedly competitive
business environment, has proliferated into a large array of different device technologies, circuit
design families, logic design techniques, maskmaking and wafer fabrication techniques, etc. The
technologies have sprung up from the grass roots of "Silicon Valley” in California. Most
participants in the industry have of necessity concentrated on rather narrow specialties. Texts on
the subject have tended to give detailed accounts of some very narrow horizontal segment of the
overall subject, such as device physics or circuit design.

We have chosen instead to provide the minimum of basic information about devices, circuits,
fabrication technology, logic design tcchniques, and system architecture, which is sufficient to
enable the reader to span fully the entire ranpe of abstractions, from the underlying physics to
complete VLSI digital computer systems. A rather small sct of carcfully selected key concepts is
all that is necessary for this purpose. We believe that only by carrying along the least amount of
unnecessary mental baggage at each step in such a study, will the student emerge with a good
overall understanding of the subject. Once this range of abstractions is spanned, the sequence of
concepts can then be mapped into the reader’s own space of application and technology.

Another major obstacle has been the high rate of change of integrated clectronics, The
uninitiated could easily get the feeling that much energy could be invested in learning material
which becomes obsolete as rapidly as it is assimilated. The major driving mechanism in all this
change is the continual improvement in fabrication technology. This evolutionary process results
in the feasibility of manufacturing smaller und smaller devices as time passes. By including the
effects of scaling down device dimensions as an essential ingredient of all topics in this text, many
of the important changes of the architectural paramcters of the technology are predicted,
expected, and indeed hoped for.

The key concepts of this text are illustrated by way of specific examples. In any given
technology, form follows function in a particular way. The skill of mapping function into form,
when once acguired, can be readily applied to any technology. Because of its density, speed,
topological properties, and general availability of wafer fabrication, nMOS has been chosen as the
technology in which examples are implemented.

An atmosphere of excitement and anticipation pervades this field. Workers from many
backgrounds, computer scientists, electrical engincers, and physicists, arc collaborating on a
common problem area which has not yet become classical, The territory is vast, and largely
unexplored. The rewards are great for those who simply press forward.
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