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Preface

For the first edition of this text, it was thought
that TTL and CMOS circuits would be the domi-
nant logic family through the end of the 1970s.
Back then, both RTL and DTL logic were yield-
ing to TTL as the ideal logic family. In retro-
spect, that judgment has proven correct, for
although microprocessor circuitry, gate array,
and other custom LSI circuits have taken over
large segments of the hardware, these advances
have merely brought about the economies
necessary for a massive expansion in the amount
of digital circuitry that could be put to practical
use.

At the time of writing the second edition,
most of the basic data and information pertain-
ing to TTL and CMOS logic families are still
relevant. Although for mass-scale production,
gate array and other forms of custom circuits
may supply ever increasing portions of the cir-
cuitry in use, the TTL and CMOS standard
family of circuits will continue to be used as the
essential ‘“‘glue” that binds many custom devices
together. They will also be used in small-scale
production and in prototyping many of the cus-
tom devices. The term TTL compatible con-
tinues to be a keyword in integrated circuit
design and will continue to be through the next
decade.

Significantly, improved versions of both
TTL and CMOS circuits are now being released
to the marketplace. They provide speed and
power improvements without any radical change
in other operating parameters. In most cases, the
old pin-outs are still available. Therefore, for the
second edition of this text, Chapter 9 has been
expanded to provide a detailed discussion of the
AC and DC parameters of both current and
newer versions of TTL and CMOS families.

In the area of memory circuits, change has
been even more dramatic. Accordingly, this new
edition includes the latest in memory technol-
ogy. The parallel development of three classes
of integrated circuits—RAMs, ROMs, and micro-
processors—has led to a virtual explosion in the
application of digital electronics. Each year, new
generations of these devices reach the market-
place, and each generation is an improvement.
The new devices are likely to be faster, cheaper,

of higher capacity, and more reliable and less
power consuming than the devices they replace.

To bring users of this book up to date with
the recent improvements in memory technology,
the latter chapters have been extensively revised.
Furthermore, a chapter has been added on the
important subject of multiplexers and demulti-
plexers, which are commonly used in the hand-
ling of microprocessor buses. A relatively new
and promising family of devices, the program-
mable array logic, has also been added with this
edition.

The application of devices such as these
places a renewed emphasis on the use of Boolean
algebra. The dispersed and somewhat incomplete
coverage of this topic in the first edition has
been expanded and is now included in a single
section. Moreover, in recognition of the fact that
microprocessor op codes and address numbering
are commonly expressed in hexadecimal, cover-
age of this number system has been added to
Chapter 2.
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Preface to the First Edition

This text is aimed at providing students with an
easy understanding of digital logic and digital
logic systems. Although I discuss some circuitry
in introducing the logic elements, there is no
attempt to present detailed mathematical circuit
analysis. To make effective use of this text the
reader needs only knowledge of basic algebra
and basic electricity. A knowledge of semicon-
ductor theory would be highly desirable but is
not an absolute prerequisite.

Digital electronics, like other areas of elec-
tronic technology, presents both student and in-
structor with a problem of too much: too much
to learn, too much to teach, in too little time.
Unless the course hours allotted this subject are
increased, we face hard choices about what to
include and what to leave out. A count of the
new application sheets issued by circuit manu-
facturers each year shows how much new and
perhaps necessary information is being added.
Ideally, culling obsolete information from the
program will create the time to discuss new
developments. In practice, though, the pressure
to include more information means that some
basic principles of logic systems may receive
inadequate coverage. Mindful of this problem, I
have left out of this text what is obviously obso-
lete, and where doubt exists I leave the choice to
the user. The four basic logic gates and the flip-
flop storage elements are given full coverage,
with a wealth of applications. Although individ-
ual gates and flip-flops are currently used only
to tie together large- or medium-scale integrated
circuits into larger logic units, one must still
master their application.

For the sake of simplicity, I explain logic
subassemblies such as adders, counters, and shift
registers in their simplest logic form before pre-
senting them as medium-scale integrated circuits.
The circuits presented are primarily TTL and
CMOS, except in the area of memory circuits,
where large-scale ECL and MOS have a substan-
tial share of the market.

The timing diagram has grown in impor-
tance as an instrument for analyzing digital
logic circuits, and therefore it is introduced early
in the text and is given continual emphasis
thereafter.

Each chapter is preceded by a set of objec-

tives to be accomplished by students as a result
of reading the chapter and performing the many
problems and exercises. As an additional study
aid, summaries and glossaries are included at the
end of the chapters.

The glossaries are written to support the
material in the chapter and may not provide all
possible meanings of the terms. They are ar-
ranged in logical rather than alphabetical order.
In many chapters, the glossary can provide an
effective review of the material covered. Stu-
dents should be encouraged to refer to the glos-
saries whenever they have difficulty understand-
ing something in the text.

I have relied heavily on drawings of logic
symbols, waveforms, and wiring diagrams to
make the exercises more meaningful. Two kinds
of exercises have been provided, allowing the
instructor greater flexibility in making assign-
ments. The “Questions’ are easier and less time
consuming. They provide a test of the student’s
understanding of the material. The ‘“Problems”
are more time consuming and test performance
as well as understanding. They require the stu-
dent to perform calculations, make simple logic
drawings, select the correct logic unit for an
application, indicate the proper wiring of logic
circuits, and complete timing diagrams. The wir-
ing diagram problems are ideal for assembly and
checkout in the lab. Only a few of the problems
require the student to do extensive drawings;
these should be assigned when practice in logic
drawing is desirable.

Students will find it useful to have a draw-
ing template MIL-STD-806C (available at most
drafting supply stores), which contains the most
widely accepted set of logic symbols used in the
field. It would also be useful for students to
have access to catalogues of standard TTL and
CMOS circuits. These are available from numer-
ous manufacturers. The majority of the circuits
called for in exercises, however, have been pre-
sented as figures in the text.

In the formation of this text I have received
frequent advice and guidance from colleagues
and reviewers, for which I am grateful. John
Bakum (Middlesex County College), Frederick
Driscoll (Wentworth Institute), John Nagi (Hud-

xi
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son Valley Community College), and Robert
Shapiro (College of San Mateo) read the manu-
script at various stages; Robert Coughlin (Went-
worth Institute) provided especially valuable
technical consultation. Thanks are due also to
those members of the electronics industry whose
generous distribution of current information
kept this writing up to date; to my wife

Katherine, son Terry, and daughter Jackie for
many hours of typing, drawing, and reading;
and, above all, to the editors and staff at Breton,
whose skill and enthusiasm converted a rough
manuscript into this finished product.

John D. Kershaw
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CHAPTER

Infroduction
to Digital
Machines

Objectives

Upon completion of this chapter, you will be able to:

m Name some benefits derived from digital electronics.

= Identify some job market opportunities open to technicians trained
in digital electronics.

m Draw a block diagram of the general-purpose stored-program digital
computer.

= Identify other noncomputer types of digital equipment.

m Use system drawings to describe digital equipment.

s Draw the three basic symbols of flow diagrams and state their use
for describing the construction and functioning of digital equipment.



CHAPTER ONE
2

11 Introduction

Machines that can duplicate human motion have
been with us now for many generations. The
degree to which they benefit us may be a subject
for debate, but there is no doubt they are respon-
sible for a major reduction in the number of
hours in our work week. Nevertheless, individual
workers, like the fabulous John Henry, often
feel the anxiety of being in competition with the
machine.

Until recently, workers may have taken
comfort from the fact that the machine could
not think, make decisions, choose a course of
action based on its decisions, or learn. But these
elements of human superiority over the machine
may no longer be valid. In 1962, a computer was
programmed to play the game of checkers. In
the beginning, it lost most of the time, but after
playing thousands of games it became practically
unbeatable. Here, obviously, was a machine that
could make decisions, choose its alternatives,
and learn.

In the past decade, computers of much
greater capacity have been developed. Where
now do we stand in light of our newest ma-
chines? What can humans do that machines can-
not do better? Do we, like John Henry, persist
in valiant competition with the machine, or do
we conclude that the computer is superhuman
and look to it to solve all our problems?

The computer is not superhuman. As com-
plex as it may be, it is only a tool, and, as with
any other tool, human beings play the key role
in using it. Our key role requires knowledge of
what the computer is, how it functions, and
what it can and cannot do for us. That is the ob-
ject of this book—to explain the surprisingly
simple devices that can be assembled to produce
these'automatic machines and to show that sen-
sible employment of computers can substantially
enrich the quality of human life.

CLOCK AND OuT-
Gl CONTROL PUT
3
y y
ARITHMETIC
UNIT , MEMORY
FIGURE 1-1

Block diagram of a general-purpose stored-program digital
computer.

1.2 Digital Electronic
Equipment

1.21 The General-Purpose
Stored-Program
Digital Computer

In size, complexity, and usefulness, the general-
purpose stored-program digital computer is at
the top of the list. The first generation of digital
computers was produced in the 1940s. They em-
ployed vacuum tube and relay switches, con-
sumed large amounts of power, and occupied
considerable space. Yet, even with those compo-
nents, they displayed a surprising degree of relia-
bility and showed promise of a high level of
usefulness in science, statistics, and accounting.
With the introduction of semiconductor switches,
other component and hardware improvements,
and improvements in software (programming
techniques), those promises have been fulfilled
beyond the wildest expectations. The term com-
puter is often used rather loosely, particularly in
advertising, where even a simple cooking timer
may be called a computer. To be termed a com-
puter, a device should have at least the units
shown in Figure 1-1.

Input-Output (I/O). The most versatile input-
output (I/O) device is the teletypewriter. De-
pressing a key on the teletypewriter not only
prints the letter or character on paper, but
simultaneously sends the same character to the
computer in digital code. Conversely, when the
computer sends that digital code to the tele-
typewriter, it causes that same letter to print on
the paper. Other input devices are the punched
tape reader and the card reader, with their cor-
responding output devices, the tape punch, and
the card punch.

Memory. Elaborate mathematical computations
usually require mathematicians either to remem-
ber or to write down subtotals, partial answers,
and so forth. To do those same functions, the
computer must also have a memory. Memories
have been constructed from acoustic tubes, mag-
netic drums, ferrite cores, and, more recently,
semiconductor circuits. The terms used to
describe the many different types of memories
are explained in detail in Chapter 22. The time
required to obtain a number from memory and



deliver it to the arithmetic unit or other location
in the computer is called the memory cycle time.
Measured in microseconds or less, it is one key
to the speed of computer operations.

Arithmetic Unit. This unit is the main func-
tional section for most computer operations. It
is essentially a high-speed digital adder with suf-
ficient register circuits to perform all the basic
arithmetic functions. The add cycle time—the
time required to enter two numbers into the
adder and produce a sum—is another measure of
the speed of a computer.

Clock and Control Unit. A digital clock and its
supporting circuits provide timing, cycling, and
sequencing signals for the other units of the
computer. The control unit contains digital cir-
cuitry that, when selected by number, will
cause certain simple, logical, or mathematical
routines to occur. Complex functions can be
made to occur as a result of a stored program
that produces many of those routines in a logical
and useful sequence at extremely high speed.
The software, or programming, provides the
wealth of simple, routine combinations behind
the powerful capabilities of today’s computers.

1.2.2 Special-Purpose
Computers

Another class of digital machines may be called
special-purpose computers. The program they
perform is hard wired and cannot readily be
changed. They receive variable input data and
subject it to a fixed mathematical routine for
such purposes as navigation and industrial test-
ing. They are seldom as elaborate as general-
purpose computers, but they contain similar
components.

1.2.3 Accounting Machines

Accounting machines, used to keep cash and in-
ventory records, are becoming increasingly more
digital. The price of the digital calculator has de-
creased from several hundred dollars to as low as
ten dollars. The functions of the cash register
have been expanded from merely counting cash
taken in to computing change and transmitting
data to a central terminal that keeps track of in-
ventory and automatically prints out a purchas-
ing list.

Even the cashier’s operations have been
speeded up by the use of a wand that senses a

INTRODUCTION TO DIGITAL MACHINES
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FIGURE 1-2

Universal product code: a machine-readable code used on
grocery and other products.

digitally coded machine-readable tag and trans-
mits the description to the register. The universal
product code (Figure 1-2) now appears on the
labels of many grocery items. The bar code is
scanned electronically, and the product descrip-
tion is sent in digital form to a small computer.
The price is drawn from the computer memory
rather than from the memory of a cashier or
from a price stamped on by a store clerk.

1.2.4 Digital Test Equipment

It is natural that the electronics industry should
be the forerunner in using digital equipment.
Many items of electronic test equipment that
have long been analog in nature are now available
in digital form. Figure 1-3 compares an analog
volt ohmmeter with a digital VOM. The analog
meter requires the user to select and interpret
the correct scale. The digital meter can be read
more rapidly and with less confusion.

Instruments that measure time and fre-
quency are primarily digital circuits. Figure 1-4
shows the HP 5345A counter, an instrument
that can count frequencies accurately as high as
500 MHz and time intervals as short as 50 nano-
seconds. Its range can be extended with adapters
and converters to as high as 18 GHz.

The cathode ray tube, which for some time
has been used to display analog waveforms, can
today be used to display printed data from a
computer or digital information system. Figure
1-5 shows the Tektronix 4023 computer display
terminal. This device uses digital and analog
techniques to store and read out the data it re-
ceives for display.

Digital techniques have been successfully
used to automate electronic testing. Many minor
electronic components that were tested by hand
a decade ago are today tested automatically and
at much higher speed. Digital test terminals,
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FIGURE 1-3

Dynascan analog meter (left) and digital meter (right).

which can be programmed for a wide variety
of tests, do most of today’s mass production
testing.

Modern aircraft contain so much electronic
equipment that automated, programmable test
systems that are primarily digital in nature have
been devised to check the air-frame periodically.

1.2.5 Digital Scales

Today even the scale used at the meat or produce
counter at the grocery store may be digital.
Figure 1-6 shows the Toledo 8201 digital scale,

FIGURE 1-4

which displays not only the weight, but also the
price per pound and the total price. It also pro-
vides both clerk and customer with an easy-to-
read display.

1.2.6 Digital Communication

It has long been recognized that a trained oper-
ator can copy CW or Morse code through severe
conditions of noise and interference with greater
accuracy than can be accomplished by voice
transmission. CW code is digital in nature, having

The Hewlett-Packard 5345A
digital counter.




