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These animals demonstrate the value of
adaptability; ICs designed with procedural tools
exhibit equally valuable fiexibility.
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The snowshoe hares pictured on the cover graphically demonstrae
the value of environmental adaptation. This ability o change
color helps ensure the animals” survival,

The cdiorial i this isswe advises that we learn from nature’s
example and develop ways 1o make the component cells of our
VLAST designs more adapiable. Cells that can adapt o their Ven-
vironment ™ will be useful over many designs, and will congribue
Lo increased designer productivity,
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A Description of aSingle-Chip Implementation of the RSA
Cipher

Ronald L. Rivest, Massachusetis Institute of Technology

This public-key encryption decryption chip featores a 512-bit ALLU.

Tools for Veritying Integrated Circuit Designs
Clark M. Baker and Chris Terman, Massaclsells Institute of Technology

A valuable set of analysis wols for design rule checking, elecrical rules checking, and
stmulation 15 described.

ASAP — Advanced Symbolic Artwork Preparation
Kent Hardage, Hewlett-Packard Company
ASAP is a design system that supports a structured design methodology lor MOS and bi-

polar cireuits, Docomented results indicate a signilicant saving in design time, along
with increased ransistor packing densiv when compared with waditional wechnigues.

Distributed Processing in a High-Performance Smart
Image Memory

James H. Clark and Mark R. Hannah, Stanford [/niversity

A novel mulu-processor organization and custom LSI combine to generate a very high-
performance graphics capability an low cost,

An Algorithm for MOS Logic Simulation
Randal E. Bryvant, Massachusetis Institute of Teclmology

An eflicient simulator especially suited for MOS circuits is desoribed. Details of the imple-
mentation are i luded

Design and Market Potential for Gate Arrays
Robert F. Hartmann, 7.0, Cost Consultants

The wechnology for gare armays seems well-established, but poor CAD and Lk of leaderships
within the imdustry offer obstacles 1o growih.

Problems and Promise of Analog MOS5/LSI
Edmund K. Cheng, fniel Corporation
Clever circuin design has been langely responsible for the advances made by analog

MOS/LSE in the Last five years. The future seems bright for further improvement, bt
device scaling holds some problems.

IC Photography for Every Application
Melgar Photsgraphers can produce integrated civeuin photographs for any parpose,

whether for circuit analysis or living room decovation. A portfolio of their work s
displayed i this article,
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From the Editor

P o L

Procedural vs. Graphical Design
of Integrated Circuits
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he CAD tools most commonly used o aid the lavout of integrated circuits

today are vastly improved over the first such wols developed a decade or

mare ago. We have advanced [rom awkward gridded mylar and digitizing
tables o high-speed, interactive color display systems aimed at on-line design,

It's interesting o note what has changed, and what hasn't, as these design
systems have evolved. Cerainly the user interface is very dillerent and, most
would agree, greatly improved. The cost has also changed, increasing by
perhaps an order of magnitude, What hasn't changed much ar all is the kind of
data entered into these systems. The basic primitives are stll rectangles,
polygons, circles, ere. The geometric layourt is stored in terms of absolute
coordinates, Higher-level structures, such as repeated cells, have been present
since the earliest systems (although nesting 15 a relatively new construct in
SOHTE ).

Thus we see that the user interface (and price) have changed, but other
important qualities have not, The constancy of the data representation indicates
that the “expressiveness” of our design tools has not improved. Expressiveness
is @ measure of the power of the language we use o describe our designs. This
editorial sugeests that the CAD community shift s primary focus from
improving user interfaces o improving the design languages themselves, T
has certainly been some elfort and progress in this area over the years, but not
nearly as much as 15 regquired,

Each design ool provides a language {possibly graphical) that can be
compared with the languages of other wols. While not everything is understood
about the rel

ve expressive power of languages, enough s agreed upon o
support some interesting conclusions, Consider the language provided by

most graphics-based, mask geometry editing systems. The graphic operations
usually involve adding and editing rectangles, wires and polygons, as well as
defining cells (or symbaols or macros), and making instances of cells, perhaps in
an array. In most such interactive graphics systems, all coordinates in a design
are conslants,

Now, consider what kind of programming language such a graphics system
would make, It does provide a procedure mechanism, in the guise of cell
definitions and instances. However, only one parameler can be passed into a
procedure; the geometne transformation placing the cell in the plane. FOR
loops are usually tied tightly to the instantiation construct: a single data-base
construct specilying an entive array of instances. The other primitives are
rectangle, wire and polveon, Analogous constructs ina programming language
are, built-in routines, such as prinung a hne of wext. Notice that these huili-in
routines do not return a value, That's it Nowe the lack of variables, assignment
statements, recursion, conditionals, while loops, and expressions.

It's fairly obvious that such a language 1sn't worth much an all,

There are many advantages of using a more expressive language o design
1C's, The placement of features can be done moa relative way, so that if one item
or cell moves or grows, others follow. Cells can be parametenized so that they
can adapt o their instance's environment { much as the hare on the cover can
change its color in reaction o s environment ). Transistors can change size
1o react o a change in load cipacitance, Cells can be designed 1o route wires
automatically between instances of unmatched cells. The list is as long as the
number of designers involved. Adaprable cells designed in this parameterized
fashion will “live™ longer and be more useful as building blocks in later designs
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(which may have different requiremenes ). They also allow decisions about de-
tailed characteristics of the cell w be delayed untl later in the design ovele.

In order 1w gain more expressiveness, the first urge may be o jaze up a
graphics system 1o “add the needed features.” The wick is that nobody has yet
figured out how o graphically specily high-level comstructs like conditionals or
WHILE loops. Also, by the tme the “needed features” have been added, you
end i with a compilete programming languagee,

Why not just start with a programming language? Almost any language, like
FORTRAN or LISP, can be used w0 design mask geometry simply by adding
some procedures w outpat primitives of the Caltech Intermediae Form (CIF). A
simple example of such a procedure is “Rectangle”. This procedure, when
called, outputs the CIF code for a rectangle. The coordinates are the parameters
of the procedure. Most programming languages allow those parameters o be
expressions, enhancing the adaptability of the procedure, A more complex
procedure might be “PLA The parameters of this procedure are the
coordinates of the origin, nuwmber of minerms, inputs, and outpas, and the
names of the files holding programs for the AND and OR planes, These
procedures can then be called by the designer in the midse of a program that
“computes” the chip, Such procedures create a kind of “imbedded lang
that can e used as a design language.

An excellent example of procedural deseription applied o chip design can be
found in Ron Rivests article in this issue of LAMBDA. Ron has implem
the BSA encrypion standand in an nbMOS chip. The entive chip was designed
ng an “imbedded” language {within LISP). The very regular nature of his
on algorithm makes it possible 1o compute the chip layow with a very
small program, and 1o design v in a relatively shore period of tme,

But, T hear vou ery, everything must be digitized by hand since the geometry
15 1o be produced by a program! Sare, it looks powerful, but itcs so hard 10 use!
Well, ves and no. Some of the tme, the program must produce detailed
geometry that can be somewhat tedious o encode. This tedious geometry is
generally in the small cells, as in a memory cell or ALLU cell, The amount of
timme o codde these cells is nod a significant Traction of the overall design time,
hewwever, It has been said than actual digitization tme is less than 10% of the
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chip design tme. Much of the time, new cells can be designed wsing bits and
pivces of other cells, perhaps as parameterized subroutines,

O the other hand, if you just can't give up the luxurious, leel of a shek
interactive graphics editor {and 1 must admie, 1 like them o), an imbedded
design language can usually incorporate designs done graphically, There
are many ways 1o allow o procedural design deseription (o incorporate a design
an interactive graphics editor. One way is 1o simply write
that translates the graphic file Torman into a piece of program that produces
the same geometry, This will produce a program full of consianis, which can be
edited 1o parameterize i, or used as is.

It's time o comcentrate our ellors on developing more powerful design
methodologies and thewr complementary design languages, We have gone as far
as we can with basic digitizing systems featuring sophistcated user interfaces.
Muore expressive design tools are the key o easing the VISI design problem,

CHEN TSCHOEBSL

dlone Iy

[ArOgETam

James AL Rowson Editor-in-Chief
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cleome, new readers! Our circulation has quadrupled sinee our lase

issue, so this is the [irst issue that many of you will have

received. LAMBDA is published 1o serve you, with the latest chip
architectures, design and testing aids and strategies, and a variety of other wopics
of mterest o the VLS design community. We cover general news in the field
and spotlight the newsmakers, and we alwavs encourage vour comments,
criticism, and sugeestions for articles, IF vou would like 1o write a paper for
us, call us —we'll be happy o discuss it with you,

Lomg-time readers will observe that several new departments bow in this
issue, Technalogy Insight locuses on what the new semiconductor technologies
mean to the designer, instead of reporung them from a purely wechnical
viewpoint. The design implications of much worthwhile research are unclear;
we're here to illuminate these issues.

We also solicit readers” suggestions and contributions o the Designer’s
Corner, Steve Domenik, former Intel designer and co-founder of Integrated
Solutions, Inc., brings his judgment and experience o the editor’s desk. In this
issue, he and Ed Cheng of Intel examine the subtleties of laving our those
useful but ever-tricky substrate bias generators, Some of the data on second-
order cffects has never been published before,

Peaple Teatures interviews with acknowledged and future industry leaders,
In this issue, Gene Potter, Chairman of the Board of Silicon Systems, Inc,,
speaks out on toundries, gate arrays, design automation, and custom 1C's,

At S10 per Line (350 minimum ), our Classifeed Ads are a bargain. You write
the copy, we set the type. Do vou have a service to sell, or need financing or a
partner tor your new high-tech start-up? Give LAMBDA Classifieds a oy,

Our expanded editorial coverage will address gate arrays regularly, This
decade-old semi-custom echnology has just stepped into the limelight, Over
a doeen large and small companies are jockeving for shares of a $530 million
market, which has livtle second-sourcing, inadequate CAD, and no clear
“leader” o set styles and standards, Gate-array design problems are much like
those of full-custom work, Both design approaches call for defining unique
layers on silicon chips, differing only in the number of customized layers.
Many of our readers must make rechmical trade-offs between these methods,
and (as we've said belore!) LAMBDA wants (o be your one-stop source for
IC-design information.

The maost striking changes may be color inside the magazine, and our many
new adveriisers. We are delighted 1o offer color, which is so vital in conveying
1C design information. Our advertisers are important not only as linancial
supporters, but also as very valuable educational resources. 1 hope vou’ll find
our advertising and editorial material equally interesting and informative,

There have been behind-the-scenes changes, oo, Barbara Clifford and Bill
Jansen have joined us as wechnical editors, Barbara has extensive technical
writing and editing experience, and is largely responsible for the readability of
this issue, Bill Jansen's wide-ranging background in electrondc svstems and
IC design makes him ideal (or a variety of editorial and administmative
responsibilities. As noted above, Steve Domenik is our new Contributing Editor
of the Desigrier's Corner. I'm also happy that Jim Rowson, Barb Haymond
{lormerly Barh Baird), and Lynn Conway are continuing with us. We couldn't
have done it without any of them, but we especially appreciate Barb Haymond's
day-in, dayv-out dedication,

If this is not yvour personal copy of LAMBDA, don't wait another minute —

Lill ot the enclosed subscription card so you won't miss our next, special
International Solid Staw Circuits Conference { ISSCC) issue,

Douglas G, Fairbairn Fublisher
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