Programmable Cellular Logic Arrays

Richard G. Shoup

Carnegie-Mellon University

1970

© Copyright 1970 Richard G. Shoup



Programmable Cellular Logic Arrays

by

Richard G. Shoup

Computer Science Department
Carnegie-Mellon University
Pittsburgh, Pennsylvania
March, 1970

Submitted to Carnegie-Mellon University
in partial fulfillment of the requirements
for the degree of Doctor of Philosophy

This work was supported by the Advanced Research Projects Agency of the
Office of the Secretary of Defense (F44620-67-C-0058) and is monitored by

the Air Force Office of Scientific Research. This document has been approved
For public release and sale; its distribution is unlimited.




—{f=

Carnegiv-Mellon University

Programmable Cellular Logic Arrays

Richard G. Shoup

Abstract

In recent years, technological advances have provided the
designer of computing hardware with the ability to
batch-fabricate large numbers of 1logic components on a single
sericonductor slice. YNumerous researchers have investigated the
synthesis of various kinds of digital logic by using arrays of
identical cells. This dissertation considers cellular arrays
whose individwnal cell functions are determined by parameter
flip-flops and logic gates in the cell, rather than by a physical
customizing operation during manufacture. Potential advantages of
this technique include functional variability after manufacture,

more efficient testing, and enhanced failure tolerance.

Arrays may be classified according to their generality,

1.e., the number and range of the tasks which they are designed

to pecform, Two significantly different examples of
low-generality arrays are presented and analyzed, One, a shift
register array, is shown to be more effective than some

conventional techniques for creating shift registers 1in the

presence of numerous manufacturing defects.
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A new cell schema is introdueced which exhibits properties
important in the synthesis of high-generality Ffunctions.
Techniques are presanted for improving the match between an array
design and the target class of tasks. ASs an example, the problenm
of central processor control loqic is approachad in terms of a
programmable logic Aarray. 2 small computer is implemented in
detail using these technigues. This method of synthesizing
contral is compared to a more conventional microprogramming

approach.
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