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Few of the verv high performance integrated circuits
being produced today are nMOS circuits, On the other
hand, nMOS is almost synonymous with Very Large
Scale Integration{VLSL). This article describes a graphics
subsystem that illustrates that by employing architectures
with a very high degree of parallelism, one can get high
performance with nMOS, In fact, at the ultimate nMOS
the system’s performance improves Lo a
point that it is comparable with the fastest of super-
computer technologies.

dimensions

The system 15 designed o perform three of the very
common geometric funcions of computer graphics. A
single chip type is used in 12 slightly different conligu-

rations 1o accomplish 4x4 matrix multiplications; line,
character, and polygon clipping; and scaling of the
clipped results 1o display device coordinates, This chip is
referred 1o as the Geometry Engine,

The Geometry Engine is a four-component vector

function unit that allows simple operations on floating-
point numbers. It is composed of four identical function
units, each one of which has an 8-bit characteristic and
(presently) a 20-bit mantissa. It accomplishes the opera-

tons with a very simple structure that consists ol an
ALU, three registers, and a stack. This basic unit can do
parallel adds, subtracts, and other similar two-variable
operations on either the mantissa or the characteristic;
since one of the registers can shift down and one can
shift up, it can also do multiplies and divides at the rate
of one multiply or divide sitep per microcycle. The 12-
chip system consists of 1,344 copies of a single bit-slice
layout that s composed of these five eleme

nts. Four

pins on the chip are wired to tell its microcaode which of

the 12 functions it is to do, according to its position in
the subsystem organizaton.

Key 1o the design has been the
techniques advocated by  [fntroduction fo VLSI Systerms
(Mead and Conway 1980). Since this book was the
author's first exposure o nMOS circuit design, it has
had a significant influence on the methodology used in
arriving at the architecture. The regular structures

use of design

advocated in this book are evident at several levels of

the organization, and the timing methodology advocated
by Seitz in chapter 7 is fundamental 1o the sysiem,

After briefly discussing the graphics functions accomp-
lished by the system, we will present a bit of the history

of its development, with special emphasis on the archi-
tecturefdesign  considerations motivated by the use of
nMOS, Some of the reasons for choosing a self-timed
convention will also be considered. Finally we will draw
some conclusions about the feasibility of one person {or
a small number of people) doing the architecture, circuit
design, and lavout of a VLSI system,

What Does the System Do?

There are three geometric operations that almost every
praphics system must do. Figure | illustrates these three
The first one is transtormations. Typically,
“objects”, or picture subroutines, are defined wsing such

function

FIGURE |. Three basic operations performed by a graphics system:
transformation, clipping, and scaling,

Cibject, or Picture subroutine, detineed in s own bocal coordinate system.
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