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Preface

Welcome to Digital Fundamentals, Ninth Edition. A strong foundation in the core funda-
mentals of digital technology is vital to anyone pursuing a career in this exciting, fast-paced
industry. This text is carefully organized to include up-to-date coverage of topics that can
be covered in their entirety, used in a condensed format, or omitted altogether, depending
upon the course emphasis.

The topics in this text are covered in the same clear, straightforward, and well-illustrated
format that has been so successful in the previous editions of Digital Fundamentals. Many
topics have been strengthened or enhanced and numerous improvements can be found
throughout the book.

You will probably find more topics than you can cover in a single course. This range of
topics provides the flexibility to accommodate a variety of program requirements. For ex-
ample, some of the design-oriented or system application topics may not be appropriate in
some courses. Other programs may not cover programmable logic, while some may not
have time to include topics such as computers, microprocessors, or digital signal process-
ing. Also, in some courses there may be no need to go into the details of "inside-the-chip"
circuitry. These and other topics can be omitted or lightly covered without affecting the
coverage of the fundamental topics. A background in transistor circuits is not a prerequi-
site for this textbook although coverage of integrated circuit technology (inside-the-chip
circuits) is included in a "floating chapter," which is optional.

Following this Preface is a color-coded table of contents to indicate a variety of ap-
proaches for meeting most unique course requirements. The text has a modular organiza-
tion that allows inclusion or omission of various topics without impacting the other topics
that are covered in your course. Because programmable logic continues to grow in impor-
tance, an entire chapter (Chapter 11) is devoted to the topic, including PALs, GALs,
CPLDs, and FPGAs; specific Altera and Xilinx devices are introduced. Also a generic in-
troduction to programmable logic software is provided and boundary scan logic is covered.

New in This Edition

Ii The Hamming error detecting and correcting code

"j Carry look-ahead adders

A brief introduction to VHDL

Expanded and improved coverage of test instruments

An expanded and reorganized coverage of programmable logic

IIi Improved troubleshooting coverage

ill New approach to Digital System Applications

Features

Full-color format

!!i Margin notes provide information in a very condensed form.

l!l Key terms are listed in each chapter opener. Within the chapter, the key terms are in
boldface color. Each key term is defined at the end of the chapter, as well as at the
end of the book in the comprehensive glossary along with other glossary terms that
are indicated by black boldface in the text.
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iv • PREFACE

Chapter 14 is designed as a "floating chapter" to provide optional coverage of IC
technology (inside-the-chip circuitry) at any point in your course.

Overview and objectives in each chapter opener

Introduction and objectives at the beginning of each section within a chapter

Review questions and exercises at the end of each section in a chapter

A Related Problem in each worked example

Computer Notes interspersed throughout to provide interesting information about
computer technology as it relates to the text coverage

Hands-On Tips interspersed throughout to provide useful and practical information

The Digital System Application is a feature at the end of many chapters that
provides interesting and practical applications of logic fundamentals .

• Chapter summaries at the end of each chapter

Multiple-choice self-test at the end of each chapter

Extensive sectionalized problem sets at the end of each chapter include basic,
troubleshooting, system application, and special design problems.

The use and application of test instruments, including the oscilloscope, logic
analyzer, function generator, and DMM, are covered.

Chapter 12 provides an introduction to computers.

Chapter 13 introduces digital signal processing, including analog-to-digital and
digital-to-analog conversion.

Concepts of programmable logic are introduced beginning in Chapter 1.

Specific fixed-function lC devices are introduced throughout.

Chapter 11 provides a coverage of PALs, GALs, CPLDs and FPGAs as well as a
generic coverage of PLD programming.

Selected circuit diagrams in the text, identified by the special icon shown here, are
rendered in Multisim" 2001 and Multisim" 7, and these circuit files are provided
on the enclosed CD-ROM. These files (also available on the Companion Website
at www.prenhall.com/floyd) are provided at no extra cost to the consumer and are
for use by anyone who chooses to use Multisim software. Multisim is widely
regarded as an excellent simulation tool for classroom and laboratory learning.
However, successful use of this textbook is not dependent upon use of the circuit
files.

Boundary scan logic associated with programmable devices is introduced in
Chapter 11.

In addition to boundary scan, troubleshooting coverage includes methods for testing
programmable logic, such as traditional, bed-of-nails, and flying probe. Boundary
scan and these other methods are important in manufacturing and industry.

For those who wish to include ABEL programming, an introduction is provided on
the Companion Website at www.prenhall.com/floyd.

http://www.prenhall.com/floyd.
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Accompanying Student Resources

Experiments in Digital Fundamentals, a laboratory manual by David M. Buchla.
Solutions for this manual are available in the Instructor's Resource Manual.

Two CD-ROMs included with each copy of the text:
Circuit files in Multisim for use with Multisim software
Texas Instruments digital devices data sheets

Instructor Resources

Powerl'oint" slides. These presentations feature Lecture Notes and figures from
the text. (On CD-ROM and online.)

Companion Website. (www.prenhall.comlfloyd).Fortheinstructor.this website
offers the ability to post your syllabus online with our Syllabus Manager P', This is a
great solution for classes taught online, that are self-paced, or in any computer-
assisted manner.

Instructor's Resource Manual. Includes worked-out solutions to chapter problems,
solutions to Digital System Applications, a summary of Multisim simulation results,
and worked-out lab results for the lab manual by David M. Buchla. (Print and
online.)

Test Item File. This edition of the Test Item File features over 900 questions.

TestGen. ® This is an electronic version of the Test Item File, enabling instructors to
customize tests for the classroom.

To access supplementary materials online, instructors need to request an instructor access
code. Go to www.prenhall.com.click the Instructor Resource Center link, and then click
Register Today for an instructor access code. Within 48 hours after registering you will re-
ceive a confirming e-mail including an instructor access code. Once you have received your
code, go to the website and log on for full instructions on downloading the materials you
wish to use.

Illustration of Chapter Features

Chapter Opener Each chapter begins with a two-page spread, as shown in Figure P-l.
The left page includes a list of the sections in the chapter and a list of chapter objectives. A
typical right page includes an overview of the chapter, a list of specific devices introduced
in the chapter (each new device is indicated by an IC logo at the point where it is intro-
duced), a brief Digital System Application preview, a list of key terms, and a website ref-
erence for chapter study aids.

Section Opener Each of the sections in a chapter begins with a brief introduction that in-
cludes a general overview and section objectives. An illustration is shown in Figure P-2.

Section Review Each section ends with a review consisting of questions or exercises that
emphasize the main concepts presented in the section. This feature is shown in Figure P-2.
Answers to the Section Reviews are at the end of the chapter.

http://www.prenhall.com.click
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III Implemcnt~ b~,ic bin;"ydecoder

'" U,e BCO-to-7-,egmcnt decoders in dj,pl~y 'y'lcm,

Explain theme~ningofp"rity

7'!XX4Z 74XX47 74XX85
74XX1J8 74XX139 74X)(147

7'lXX148 74XX151 74XX154
74XX157 74XX280 7<lXXZ83

FUNCTIONS OF
COMBINATIONAL LOGIC

• Convert from binary!" Gray code, and Gray code to bioMy by

uling logic device,

App)ymu)tipl"x"flindat>,election,multfpl"~eddi,play,, logic

(unction gene<~tion. and ,imple ~ommuni<:~b'on,>y>,,,m,

U,,, decode" a,d"multiplcxers

6-1 Basle Adders

6-2 Parallel Binary Adders
6-3 Ripple Carry venus look-Ahead Carry Adden

6-4 Comparators
6-5 Decoders
6-6 Encoders
6-7 Cede Converters
6-8 Multiplexerl(O<'ltaSelecton)
6-9 Demultiplexers
6-10 ParityGenerators!Checkors

6-11 Trouble.hooting

a:I:I Digital 5y!tem Applic<ltion

Use paritygeneraton aod cbecken to detect bitemm in digital

')'$tems'133::tl:tI!llI@ilD"l'i1!""miill:[,, __ IIIIIII _
Implement a limple data. communications system i i i •• @ii.jijhi;"-PQuilf.SiUpi4H?!#,M
ldentifyglitche., common bugs in digital.ysteml

Half-adder Encoder

The Digital System Appli<:ation illustrates concepts from this

chilpteranddea'swithoneportionofatraffic'ightoootroJ

'}'ltem. The system applications in Chapters 6, 7, and 8 fOCUI

00 variOUI parts of the traffic light control syster». 8alicalfy,

this'}'ltem controls the traffic light at the intersection of a

bU'}'ltreetandalightfytrilveledlidestreet.Thel}'ltem
includes a combinational logic section to which the topiCI

in this chapter apply, atimingcircuitlection to which

Chapter 7 applies, and asequentiallogicsect,on to which

Chapter 8 applies

Distinguish between half-adden and full-adden

U,efurr-addento implement multibit paralfel binary adders

.din' f

• Explainthediffe,encelbetweenripplecarry"ndlook-,he,d

carry po",llel adders
Full-adder Priority encoder

.\'J, Cascading

Ripple carry

" look-ahe<>dcarry

Decoder

Multiplexer (MUX)

Dernultiptexer (OEMUX)
handle thecompNison ofb'gernumbers Parity bit

Glltch

'~''''''",,""",",O'''''''H
5tudya,dsforth"chapter are ava,lableat

http://www.prenhi.ILcom/floyd

FIGURE P-l

Chapter opener.

Worked Examples and Related Problems An abundance of worked examples help to il-
lustrate and clarify basic concepts or specific procedures. Each example ends with a Re-
lated Problem that reinforces or expands on the example by requiring the student to work
through a problem similar to the example. A typical worked example with a Related Prob-
lem is shown in Figure P-3.

Troubleshooting Section Many chapters include a troubleshooting section that relates
to the topics covered in the chapter and that emphasizes troubleshooting techniques and
the use of test instruments. A portion of a typical troubleshooting section is illustrated in
Figure P-4.

Digital System Application Appearing at the end of many chapters, this feature presents
a practical application of the concepts covered in the chapter. This feature presents a "real-
world" system in which analysis, troubleshooting, and design elements are implemented
using procedures covered in the chapter. Some Digital System Applications are limited to
a single chapter and others extend over two or more chapters. Specific Digital System Ap-
plications are as follows:

Tablet counting and control system: Chapter 1

Digital display: Chapters 4 and 11.

Storage tank control system: Chapter 5

http://www.prenhi.ILcom/floyd


FIGURE P-2

Section opener and section review.

FIGURE P-3

An example and related problem.

Review exercises end each section.
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i--I·"·C·T!O·N·3·_·'--~-------~--
1. Wheoa]ilOn tfleinput of an inverter, ""*,,,ti,theoutput7

I
, :~.:~'"ill the end ofthc: 2. An <lctNe HIGH pUl,,,, (HIGH level when asserted, lOW level when not) il required

",",pt"'. onaninverterinput.

(a.) Drawtheappropliatelogi'lY'"ool,ulingthedi'tinctiveshapeillldthe
negation indicator, for the inverter in thil application.

I (b) ~',~:; the output when "pmitivl"-going pulle is applied to the input of an

3-2 JHE AND G~T~

Introductory paragraph and a list of
performance-based section objectives
begin each section.

AftcrcomplelinglhisseClion·YOllshouldhenblclo

• Identif)':m AND gate by it, dislinc!ive shape symbol or by its rectangutur outline
symbol_ DeseribclheopemlionofanANDgale. Gcnerate themnhtable for an
AND gate with any number of inputs • Produce a timing diagmm for an AND gate
with any specified input waveforms • Write the logic expre,sion for:lr\ AND gate with
any number of in[JUl~ • Discuss enmples of AND gate "ppliemions

The lerrng(lle

(b)ROCl:1II~ul",ootli",,"ithth.
ANtl(&)qualif}iD~')'mOOl

ard iogic>ymbol,(orlheANDgateshowing two inpul> (ANSI/lEEE Std. 91-1984)

Operation of an AND GateComputer Notes are found throughout
the text.

for a l-input AND gate, output X is HIGH onl}' when tnputsa and /) are HJGII;
X is LOW when eilher A or B is LOW, or when both A and D arc LOW.

A special icon indicates selected
circuits that are 011 the CD-ROM
packaged with the text.

Examples are set off from text.

AnANDgatecanha·temore
than lwc input<.

The logic diagr..m in Figu"" 5-3(a) shows an AND-OR-In\'"'' circuit and the develop-
ment of the res output expression_ The ANSI standard rectangular outline symbol is
shown in part (b). In generaL an AND-OR_lnvertcin:uit ca" have any number of !\_~D gates
cachwitha"YllumberofinpuL~

;m-." v
c_ &

"

The 0]X'ral;oll or th" ,\j'JD·OR-lnv"rt circuit in Figure 5-3 is stated as follmvs'

For a 4-itlpul AND-OR-Inwrt logic cin:uil, the output X is LOW (0) if bolh
inpuIA lInd inpul B are HIGH (I) or both input C and inpUl J) "re HIGH (1).

A truth table can be developed from the ANO·OR truth table in Table 5-1 by simply chang-
ingalllsloOSamlallOSlolsinthcoutpUlcolumn

iEXAMPLE 5-2

Sclllt':on The AND·OR-Invcrt circuit in Figure 5-4 has inputs from the sensor, On lank> A, B,
and C as shown. The AND gale C, checks the Ic'-el, in tanks A "mJ B. gate G, checks
tanhA and C. and gate G, checks tanks 8 and C. Whell the chemicalle,· •.•1 in any IwO

of the tanks gets too low. each AJ'ID gate will have a LOW 011 at least one input
causing its OUlPlIllO be LOW and. thus. the final output X from the inverter is HIGH
This HIGH OUIPUl is then used to activate an indicator.

Each example contains a problem
related to the example.

Related Problem Wrile the Boolcan expression for the AND·OR-Inwrt logic in Figurc 5-4 and show
that the output is HIGH (I) when any twoofth~ inpul~A. B. and C are LOW (0).



viii • PREFACE

LOGIC GATES

3-9 TROUBLESHOOTING

Troubleshooting iSlh~proccssofrccognizing. isolating. and correcting a fault or failure

in a circuit or system. Tu Ix an effective troubleshooter, you must understand how tile
circuit or system is supposed to work and be able to recognize incorrect performance.

For example. 10 determine whether or nOI J certamtogic gate is faulty, )"OUmust know

what the output should be for given inputs.

Aflacomplclingthisseclion.}'oushoultlbcablcw

Internal Failures of re logic Gates

Opens and shorts ure the most common types ofimemal g:llc failures. These can occur on
the inputs or on the output of a gate inside the le package. fiefore ullemp/ing tmy trou-
bleshoming.clteck!orplOp",r'/c.IIIJ1ply"olmgeilndgrolllld.

Effeds of all Illterna/ly Ope" Input An internal open is the result of an open componcm
on the chip or a break in the tiny wire connecting the ICcbiplQllle packa.'o!e ptn.An open
inputpr;:\~ntsasignalonthalinpUlfrQmgetlin~totbeoUlputofthegatt'_asilluslT<lledin
Figun: 3-61(01) for theca,e of a 2·input NAND gale. An open lTL input act, effectively :IS
a HIGH ICl"cl. so pulses applied 10 the goud inpuI gel through to Ihe NAND gate outpul a~
shown in Figure3-67(b).

(~) Pin 13 inplJ' and pin II o"'P'" 0" (biPioI2inp",i'''flCn

(a! ..••PI'IlO~ljOnofpul'"""loth.ol'ell;lI"ll1witt pm<luoeoopul>c>
01lth<oou'pu'

FIGURE P-4

Troubl",hootioga NAND g.te fo, all opeo'.-.,:>ut

The effect Of30 opeo ioput 00 •• NAND gilte

houble,l,ootingan Open Input Troubleshooting 1I1is type of failure is easily a<:<:OI11"
plished with an oscilloscope and fUI\Cliongenerator.asdemon~lrJ.led in FJ!;ure3-68 forthe
case or a 2·input NAND gale package. When measuring digiwl signals with a scope. alwa)'s
Uf>Cdc coupling.

Effuu ofaJ11llternally Op<UlOlltput An internally open gate output pre'·e'J(S a signal on
any of Ih" inputs from gelling 10 the OUlpU\' Therefore. no matter what the input conditions
are. the output is unaffected. The levelatthe output pin of the IC will de pend upon whatit

Representative pages from a portion of a typical Troubleshooting section.

Traffic light control system: Chapters 6, 7, and 8

Security system: Chapters 9 and 10

Digital System Applications may be treated as optional because omitting them will not
affect any other material in the text. Figure P-5 shows a portion of a Digital System Appli-
cation feature.

Chapter End The following study aids end each chapter:

Summary

Key term glossary

Self-test

Problem set that includes some or all of the following categories: Basic,
Troubleshooting, Digital System Application, Design, and Multisim
Troubleshooting Practice

Answers to Section Reviews

Answers to Related Problems for Examples

Answers to Self-Test

Book End

Appendices: Code conversion and table of powers of two (Appendix A) and traffic
light interface circuits (Appendix B)
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348 • FUNCTIONS OF COMBINATIONAL LOGIC

~ lightfuo minimum of 25, or~, long~'
; there isno""hi<leon tJ\~ ,,,,,,,tree!;. The

;,ide,treeti,to""""ago- ••••"Iif!'t"n\il
, t!>e,eisno",hideonthewc'lreelolfo,
j am.ui<r.umof15 •. The.ei.tobca4,
: c.>utionlight(yellowJbetweenchante<

j from green to red on bolh the main ,trcet

; "",lonthe,idelttcet,The,erequircmenb
! ",..,irlu,t'atedin the pido,i.1di'gromin

iFigure6-65

O"""ropingaBlock
i D,al:ramoftheSy,tem

Intni.digiUI ')1temapplication,you : ::: ~:g::i:~:;;~:~.~i:~;~OP a
begin wooongw;u,,, traffic light control 'kn_thiltthe ,)"tcm m",t control ,ix
<yItem.lnthis....::tion,the'Y'tcm l differernp"inoflighn.Th,.""a",thered.
""lu;'ementl are e.t.>bliIhed. a g<!""•.••J ~ yellow, ,ndgreen lig"l>fo, bothdireolioru
block diag<am i,developed, Md a ,t<>le ; on the main ,treet~nd the red, yellow,

d;"gr:omisClea~todefinethe""lul!f>Cl!! : andgre!'"JighDfOf both directiom on the
ofope"'b·on.Aportionofthe'Y'~ ~ p'd",treetAko,yo<JkJ>o,o,thatth",,,,,

iflVOMngcombin~tion~llogic;, dc1igned ~ on" """'mal input (oth,,' than power)~:,,:;E;~:~~~~::i:::~~l;:~;het ~;6~,~~d:;:::I::~~":i:;::~z,
a"d8

inlerval, ofl5, ~n"i, th"'''e,equire<!
inthely<tem~Mrogener"te"clod<
,ignal lor<yding the <y<tem(timing
cin:uilJ). The time inte"",I,(long and
,hort) a<ld thevehide<emorarcinput.

totheleq"enti~llogicbeou,ethe
,equencingoflt~tc<;sa function olthe,e

variablc,.logiccircuib.a",al,onudedlo
determine which oithe four Itate, tile

Aminimall)"temblockd"gram.

traffic light and interface un;ttoconv~rt
the output levell of the light output logic
to thc""ltage'a",leu"enl::l rcqul",d to
tu<n On each of the Jighh. F;gurc6-67 il.
a more detailed blockd"gfOm.nowing
th~eJ,entiafel"rnenl::l.

The5brkDi~am

A,tatedias •••mgraphic<ollyohew, the

'equenceof,t~tesin''Y'temandthe
condition,foreach,tate and for

lran,i~'onlfromone,laletothen""t

Gene",1 $y,tem Requiremenll

Adjgit"l conlroli~ri, rcquired to control 0
lJ.fficlighlattheinteflecti,,,,of"bw'y
main ,treeta"d~nocc •• ionallyu,ed,ide
,treet The main ,lreeti,toMve a Sreen

DefjnitionoIV",jable, Beforeatrodj-
tionai,tatedia8 •••rnoanbedeveloped,

I

~;

t . ~ ••.o 0-0
0'0: ••

I

lo~!~I'~·.,.-0 .•.0'o ••
DCumpl<,ed in ,his ch,p1or 0 Compl<tod in Chapltr 7 0 Completed in Ch,plcrS

SYltem block diagram <howing the ~Jlenlial elementl

• Vehidepre,enton'idellreel= V, Theu,eofcomplementedvariable,

indk"""the oppo,itecol1ditiom. for
""ample, V,indicate< thattherei,no
vehicle on the ,ide ,treet,. T,indiCilte< the

• 25 , timer(;ongtimer)i,on= Tt

• ~ltimer(<horttimer)il.on=T,I!.equ'rcmcnl::lfo,the tafficlightleq~'Cnce.

FIGURE P-5

Representative pages from a typical Digital System Application.

Answers to odd-numbered problems

Comprehensive glossary

Index

To the Student
Digital technology is hot! Most everything has already gone digital or will in the near fu-
ture. For example, cell phones and other types of wireless communication, television, ra-
dio, process controls, automotive electronics, consumer electronics, global navigation,
military systems, to name only a few applications, depend heavily on digital electronics.

A strong foundation in the fundamentals of digital technology will prepare you for the
highly skilled and high-paying jobs of the future. The single most important thing you can
do is to understand the core fundamentals. From there you can go anywhere.

In addition, programmable logic is becoming extremely important in today's technology
and that topic is introduced in this book. Of course, efficient troubleshooting is a skill that
is also widely sought. Troubleshooting and testing methods from traditional testing to man-
ufacturing techniques, such as bed-of-nails, flying probe, and boundary scan, are covered
in this book. These are examples of the skills you can acquire with a serious effort to learn
the concepts presented.

The CD-ROMs Two CDs are included with this book. One contains Texas Instruments
data sheets for digital integrated circuits. The other contains circuit files in Multisim for use
with Multisim software Versions 2001 or 7. (These Version 2001 and Version 7 circuit
files-as well as those for use with Multisim 8-also appear on the Companion Website at
www.prenhall.com/floyd.)
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User's Guide for Instructors

Generally, time limitation or program emphasis determine the topics to be covered in a
course. It is not uncommon to omit or condense topics or to alter the sequence of certain
topics in order to customize the material for a particular course. The author recognizes this
and has designed this textbook specifically to provide great flexibility in topic coverage.

Using a modular approach, certain topics are organized in separate sections or features
such that if they are omitted, the rest of the coverage is not affected. Also, if these topics are
included, they flow seamlessly with the rest of the coverage. The book is organized around
a core of fundamental topics that are, for the most part, essential in any digital course.
Around this core, there are other topics that can be included or omitted depending on the
course emphasis or other factors. Figure P-6 illustrates this modular concept.

11 Core Fundamentals The fundamental topics of digital logic should, for the most part,
be covered in all programs. Linked to the core are several "satellite" topics that may be con-
sidered for omission or inclusion, depending on your course goals. Any block surrounding
the core can be omitted without affecting the core fundamentals.

• ProgrammabLe Logic Although it is an important topic, programmable logic can be
omitted, but it is recommended that you cover this topic if at all possible. You can cover as
little or as much as you consider practical for your program.

• Troubleshooting Troubleshooting sections appear in many chapters.

• Digital System Applications System applications appear in many chapters.

• Integrated Circuit Technologies Some or all of the topics in Chapter 14 can be cov-
ered at selected points if you wish to discuss details of the circuitry that make up digital in-
tegrated circuits.

• Special Topics These topics are Introduction to Computers and Digital Signal Pro-
cessing in Chapters 12 and 13, respectively. These are special topics and may not be essen-
tial to your digital course.

Also, within each block in Figure P-6 you can choose to omit or de-emphasize some top-
ics because of time constraints or other priorities. For example, in the core fundamentals,
error correction codes, carry look-ahead adders, sequential logic design, and other selected
topics could be omitted.

Customizing the Table of Contents You can take anyone of several paths through
Digital Fundamentals, Ninth Edition, depending on the goals of your particular program.
Whether you choose a minimal coverage of only core fundamentals, a full-blown cover-
age of all the topics, or anything in between, this book can be adapted to your needs. The

FIGURE P-6
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Table of Contents following this preface is color coded to match the blocks in Figure
P-6. This allows you to identify topics for omission or inclusion for customizing your
course.

Several options for use of Digital Fundamentals, Ninth Edition are shown below in
terms of topics color coded to Figure P-6. Other options are possible, too, including partial
coverage of some topics.

Option 1 •

Option 2 ••

Option 3 •••
Option 4 ••••
Option 5 ••••••

Acknowledgments
This innovative text has been realized by the efforts and the skills of many people. I think
that we have accomplished what we set out to do, which was to produce a textbook second
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acceptor A receiving device on a bus.

access time The time from the application of a valid memory ad-
dress to the appearance of valid output data.

addend In addition, the number that is added to another number
called the augend.

adder A logic circuit used to add two binary numbers.

address The location of a given storage cell or group of cells in a
memory; a unique memory location containing one byte.

address bus A one-way group of conductors from the micro-
processor to a memory, or other external device, on which the ad-
dress code is sent.

adjaceucy Characteristic of cells in a Karnaugh map in which
there is a single-variable change from one cell to another cell next
to it on any of its four sides.

aliasiug The effect created when a signal is sampled at less than
twice the signal frequency. Aliasing creates unwanted frequencies
that interfere with the signal frequency.

alphanumeric Consisting of numerals, letters, and other
characters.

ALU Arithmetic logic unit; the key processing element of a mi-
croprocessor that performs arithmetic and logic operations.

amplitude In a pulse waveform, the height or maximum value of
the pulse as measured from its low level.

analog Being continuous or having continuous values, as opposed
to having a set of discrete values.

analog-to-digital (AID) conversion The process of converting an
analog signal to digital form.

analog-to-digital converter (ADC) A device used to convert an
analog signal to a sequence of digital codes.

AND A basic logic operation in which a true (HIGH) output
occurs only when all the input conditions are true (HIGH).

AND array An array of AND gates consisting of a matrix of pro-
grammable interconnections.

AND gate A logic gate that produces a HIGH output only when
all of the inputs are HIGH.

ANSI American National Standards Institute.

antifuse A type of PLD nonvolatile programmable link that can
be left open or can be shorted once as directed by the program.

architecture The VHDL unit that describes the internal operation
of a logic function; the internal functional arrangement of the ele-
ments that give a device its particular operating characteristics.

array In a PLD, a matrix formed by rows of product-term lines
and columns of input lines with a programmable cell at each junc-
tion. In VHDL, an array is an ordered set of individual items
called elements with a single identifier name.

ASCII American Standard Code for Information Interchange; the
most Widely used alphanumeric code.

assembler A program that converts English-like mnemonics into
machine code.
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assembly language A programming language that uses English-
like words and has a one-to-one correspondence to machine lan-
guage.

associative law In addition (ORing) and multiplication (ANDing)
of three or more variables, the order in which the variables are
grouped makes no difference.

astable Having no stable state. An astable multivibrator oscillates
between two quasi-stable states.

asynchronous Having no fixed time relationship; not occurring at
the same time.

asynchronous counter A type of counter in which each stage is
clocked from the output of the preceding stage.

augend In addition, the number to which the addend is added.

base One of the three regions in a bipolar junction transistor.

base address The beginning address of a segment of memory.

BCD Binary coded decimal; a digital code in which each of the
decimal digits, 0 through 9, is represented by a group of four bits.

BEDO DRAM Burst extended data output dynamic random-
access memory.

bed-of-nails A method for the automated testing of printed circuit
boards in which the board is mounted on a fixture that resembles a
bed of nails that makes contact with test points.

bidirectional Having two directions. In a bidirectional shift regis-
ter, the stored data can be shifted right or left.

binary Having two values or states; describes a number system
that has a base of two and utilizes I and 0 as its digits.

BIOS Basic input/output system; a set of programs in ROM that
interfaces the I/O devices in a computer system.

bipolar Having two opposite charge carriers within the transistor
structure.

bistable Having two stable states. Flip-flops and latches are
bistable multivibrators.

bit A binary digit, which can be either a I or O.

bitstream A series of bits describing a final design that is sent to
the target device during programming.

bit time The interval of time occupied by a single bit in a se-
quence of bits; the period of the clock.

BIU Bus interface unit; the portion of the CPU that interfaces with
the system buses and fetches instructions, reads operands, and
writes results.

BJT Bipolar junction transistor; a semiconductor device used for
switching or amplification. A BIT has two junctions, the base-
emitter junction and the base-collector junction.

Boolean addition In Boolean algebra, the OR operation.

Boolean algebra The mathematics of logic circuits.

Boolean expression An expression of variables and operators
used to express the operation of a logic circuit.

Boolean multiplication In Boolean algebra, the AND operation.



boundary scan A method for internally testing a PLD based on
the JTAG standard (IEEE Std. 1149.1).

buffer A circuit that prevents loading of an input or output.

bus A set of interconnections that interface one or more devices
based on a standardized specification.

bus arbitration The process that prevents two sources from using
a bus at the same time.

bus contention An adverse condition that could occur if two or
more devices try to communicate at the same time on a bus.

byte A group of eight bits.

cache memory A relatively small, high-speed memory that stores
the most recently used instructions or data from the larger but
slower main memory.
capacity The total number of data units (bits, nibbles, bytes,
words) that a memory can store.

carry The digit generated when the sum of two binary digits ex-
ceeds 1.

carry generation The process of producing an output carry in a
full-adder when both input bits are Is.

carry propagation The process of rippling an input carry to be-
come the output carry in a full-adder when either or both of the in-
put bits are Is and the input carry is a I.

cascade To connect "end-to-end" as when several counters are
connected from the terminal count output of one counter to the en-
able input of the next counter.

cascading Connecting the output of one device to the input of a
similar device, allowing one device to drive another in order to ex-
pand the operational capability.

CCD Charge-coupled device; a type of semiconductor memory that
stores data in the form of charge packets and is serially accessed.

CD-R CD-Recordable; an optical disk storage device on which
data can be stored once.
CD-ROM An optical disk storage device on which data are pre-
stored and can only be read.

CD-RW CD-Rewritable; an optical disk storage on which data
can be written and overwritten many times.

cell An area on a Karnaugh map that represents a unique combi-
nation of variables in product form; a single storage element in a
memory; a fused cross point of a row and column in a PLD; a sin-
gle storage element in a memory.
character A symbol, letter, or numeral.

circuit An arrangement of electrical and/or electronic compo-
nents interconnected in such a way as to perform a specified
function.

CLB Configurable logic block; a unit of logic in an FPGA that is
made up of multiple smaller logic modules and a local program-
mable interconntect that is used to connect logic modules within
the CLB.

clear An asynchronous input used to reset a flip-t1op (make the Q
output 0); to place a register or counter in the state in which it
contains all Os.

clock The basic timing signal in a digital system; a periodic wave-
form in which the interval between pulses equals the time for one
bit; the triggering input of a t1ip-t1op.
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CMOS Complementary metal oxide semiconductor; a class of in-
tegrated logic circuits that is implemented with a type of field-
effect transistor.

code A set of bits arranged in a unique pattern and used to repre-
sent such information as numbers, letters, and other symbols; in
VHDL, program statements.

codec A combined coder and decoder.

collector One of the three regions in a bipolar transistor.

combinational logic A combination of logic gates interconnected
to produce a specified Boolean function with no storage or mem-
ory capability; sometimes called combinatorial logic.
commutative law In addition (ORing) and multiplication (AND-
ing) of two variables, the order in which the variables are ORed or
ANDed makes no difference.
comparator A digital circuit that compares the magnitudes of two
quantities and produces an output indicating the relationship of
the quantities.

compiler An application program in development software pack-
ages that controls the design flow process and translates source
code into object code in a format that can be logically tested or
downloaded to a target device.

complement The inverse or opposite of a number; in Boolean al-
gebra, the inverse function, expressed with a bar over the variable.
The complement of a 1 is a 0, and vice versa.

component A VHDL feature that can be used to predefine the
logic function for multiple use throughout a program or programs.

contiguous Joined together.

control bus A set of conductive paths that connects the CPU to
other parts of the computer to coordinate its operations and to
communicate with external devices.

controller An instrument that can specify each of the other instru-
ments on the bus as either a talker or a listener for the purpose of
data transfer.

control unit The portion within the microprocessor that provides
the timing and control signals for getting data into and out of the
microprocessor and for synchronizing the execution of instruc-
tions.

counter A digital circuit capable of counting electronic events,
such as pulses, by progressing through a sequence of binary states.

CPLD A complex programmable logic device that consists
basically of multiple SPLD arrays with programmable
interconnections.

CPU Central processing unit; the main part of a computer respon-
sible for control and processing of data; the core of a DSP that
processes the program instructions.

cross-assembler A program that translates an assembly language
program for one type of microprocessor to an assembly language
for another type of microprocessor.

current sinking The action of a circuit in which it accepts current
into its output from a load.

current sourcing The action of a circuit in which it sends current
out of its output and into a load.

DAT Digital audio tape; a type of magnetic tape format.

data Information in numeric, alphabetic, or other form.
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data bus A bidirectional set of conductive paths on which
data or instruction codes are transferred into a microprocessor
or on which the result of an operation is sent out from the
microprocessor.

data selector A circuit that selects data from several inputs one at
a time in a sequence and places them on the output; also called a
multiplexer.

data sheet A document that specifies parameter values and oper-
ating conditions for an integrated circuit or other device.

DCE Data communications equipment.

Debug A code within DOS that allows various operations on files
and includes a primitive assembler; to eliminate a problem in
hardware or software.

decade Characterized by ten states or values.

decade counter A digital counter having ten states.

decimal Describes a number system with a base of ten.

decode A stage of the DSP pipeline operation in which instruc-
tions are assigned to functional units and are decoded.

decoder A digital circuit (device) that converts coded information
into another (familiar) or noncoded form.

decrement To decrease the binary state of a counter by one.

delta modulation A method of analog-to-digital conversion using
a l-bit quantization process.

design flow The process or sequence of operations carried out to
program a target device.

D flip-flop A type of bistable multivibrator in which the output
assumes the state of the D input on the triggering edge of a clock
pulse.

demultiplexer (demux) A circuit (digital device) that switches
digital data from one input line to several output lines in a speci-
fied time sequence.

dependency notation A notational system for logic symbols that
specifies input and output relationships, thus fully defining a given
function; an integral part of ANSIIIEEE Std. 91-1984.

difference The result of a subtraction.

digit A symbol used to express a quantity.

digital Related to digits or discrete quantities; having a set of dis-
crete values as opposed to continuous values.

digital-to-analog (D/A) conversion The process of converting a
sequence of digital codes to an analog form.

digital-to-analog converter (DAC) A device in which informa-
tion in digital form is converted to analog form.

DIMM Dual in-line memory module.

diode A semiconductor device that conducts current in only one
direction.

DIP Dual in-line package; a type ofIC package whose leads must
pass through holes to the other side of a PC board.

distributive law The law that states that ORing several variables
and then ANDing the result with a single variable is equivalent to
ANDing the single variable with each of the several variables and
then ORing the product.

dividend In a division operation, the quantity that is being divided.

divisor In a division operation, the quantity that is divided into the
dividend.

DLT Digital linear tape; a type of magnetic tape format.

DMA Direct memory access; a method to directly interface a pe-
ripheral device to memory without using the CPU for control.

domain All of the variables in a Boolean expression.

"Don't care" A combination of input literals that cannot occur
and can be used as a 1 or a 0 on a Karnaugh map for
simplification.

downloading A design flow process in which the logic design is
transferred from software to hardware.

drain One of the terminals of a field-effect transistor.

DRAM Dynamic random-access memory; a type of semiconduc-
tor memory that uses capacitors as the storage elements and is a
volatile, read/write memory.

DSP Digital signal processor; a special type of microprocessor
that processes data in real time.

DSP core The central processing unit of a digital system
processor.

DTE Data terminal equipment.

duty cycle The ratio of pulse width to period expressed as a per-
centage.

DVD-ROM Digital versatile disk-ROM; also known as digital
video disk-ROM; a type of optical storage device on which data is
prestored with a much higher capacity than a CD-ROM.

dynamic memory A type of semiconductor memory having ca-
pacitive storage cells that lose stored data over a period of time
and, therefore, must be refreshed.

ECL Emitter-coupled logic; a class of integrated logic circuits that
are implemented with nonsaturating bipolar junction transistors.

E2CMOS Electrically erasable CMOS (EECMOS); the circuit
technology used for the reprogrammable cells in a PLD.

edge-triggered flip-flop A type of flip-flop in which the data are
entered and appear on the output on the same clock edge.

EDIF Electronic design interchange format; a standard form of netlist.

EDO DRAM Extended data output dynamic random-access
memory.

EEPROM Electrically erasable programmable read-only mem-
ory; a type of nonvolatile PLD programmable link based on elec-
trically-erasable programmable read-only memory cells and can
be turned on or off repeatedly by programming.

emitter One of the three regions in a bipolar junction transistor.

enable To activate or put into an operational mode; an input on a
logic circuit that enables its operation.

encoder A digital circuit (device) that converts information to a
coded form.

entity The VHDL unit that describes the inputs and outputs of a
logic function.

EPROM Erasable programmable read-only memory; A type
of PLD nonvolatile programmable link based on electrically
programmable read-only memory cells and can be turned either
on or off once with programming.



error detection The process of detecting bit errors in a digital
code.

EU Execution unit; the portion of a CPU that executes instruc-
tions; it contains the arithmetic logic unit (ALU), the general
registers, and the flags.

even parity The condition of having an even number of Is in
every group of bits.

exclusive-NOR (XNOR)gate A logic gate that produces a LOW
only when the two inputs are at opposite levels.

exclusive-OR (XOR) A basic logic operation in which a HIGH
occurs when the two inputs are at opposite levels.

exclusive-OR (XOR) gate A logic gate that produces a HIGH
only when the two inputs are at opposite levels.

execute A CPU process in which an instruction is carried out; a
stage of the DSP pipeline operation in which the decoded instruc-
tions are carried out.

exponent The part of a floating-point number that represents the
number of places that the decimal point (or binary point) is to be
moved.

fall time The time interval between the 90% point and the 10%
point on the negative-going edge of a pulse.

fan-out The number of equivalent gate inputs of the same family
series that a logic gate can drive.

feedback The output voltage or a portion of it that is connected
back to the input of a circuit.

FET Field-effect transistor.

fetch A CPU process in which an instruction is obtained from the
memory; a stage of the DSP pipeline operation in which an in-
struction is obtained from the program memory.

tifo First in-first out memory.

FireWire The IEEE-1394 standard serial bus.

titter tool A compiler software tool that selects the optimum in-
terconnections, pin assignments, and logic cell assignments to fit a
design into the selected target device.

flag A bit that indicates the result of an arithmetic or logic opera-
tion or is used to alter an operation.

flash ADC A simultaneous analog-to-digital converter.

flash memory A nonvolatile read/write random-access semicon-
ductor memory in which data is stored as charge on the floating
gate of a certain FET.

flip-flop A basic storage circuit that can store only one bit at a
time; a synchronous bistable device.

floating-point number A number representation based on scien-
tific notation in which the number consists of an exponent and a
mantissa.

floppy disk A magnetic storage device; a flexible disk with a di-
ameter of 3.5 inches and a storage capacity of 1.44 ME encased in
a rigid plastic housing.

flying probe A method for the automated testing of printed circuit
boards, in which a probe or probes move from place to place to
contact test points.

forward bias A voltage polarity condition that allows a semicon-
ductor pn junction in a transistor or diode to conduct current.
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FPGA Field programmable gate array; a programmable logic de-
vice that uses the LUT as the basic logic elements and generally
employs either antifuse or SRAM-based process technology.

FPM DRAM Fast page mode dynamic random-access memory.

frequency if) The number of pulses in one second for a periodic
waveform. The unit of frequency is the hertz.

full-adder A digital circuit that adds two bits and an input carry to
produce a sum and an output carry.

functional simulation A software process that tests the logical or
functional operation of a design.

fuse A type of PLD nonvolatile programmable link that can be left
shorted or can be opened once as directed by the program; also
called a fusible link.

GAL Generic array logic; a reprogrammable type of SPLD that is
similar to a PAL except that it uses a reprogrammable process
technology, such as EEPROM (E2 CMOS), instead of fuses.

gate A logic circuit that performs a specified logic operation, such
as AND or OR; one of the three terminals of a field-effect transistor.

glitch A voltage or current spike of short duration, usually unin-
tentionally produced and unwanted.

graphic (schematic) entry A method of entering a logic design
into software by graphically creating a logic diagram (schematic)
on a design screen.
GPffi General-purpose interface bus based on the IEEE 488 standard.

Gray code An unweighted digital code characterized by a single
bit change between adjacent code numbers in a sequence.

half-adder A digital circuit that adds two bits and produces a sum
and an output carry. It cannot handle input carries.

Hamming code A type of error-correction code.

handshaking The process of signal interchange by which two
digital devices or systems jointly establish communication.

hard core A fixed portion of logic in an FPGA that is put in by
the manufacturer to provide a specific function.

hard disk A magnetic disk storage device; typically, a stack of
two or more rigid disks enclosed in a sealed housing.

hardware The circuitry and physical components of a computer
system (as opposed to the directions called software).

HDL Hardware description language; a language used for de-
scribing a logic design using software.

hexadecimal Describes a number system with a base of 16.

high-level language A type of computer language closest to hu-
man language that is a level above assembly language.

high-Z The high-impedance state of a tristate circuit in which the
output is effectively disconnected from the rest of the circuit.

hold time The time interval required for the control levels to re-
main on the inputs to a flip-flop after the triggering edge of the
clock in order to reliably activate the device.

HPIB Hewlett-Packard interface bus; same as GPIB (generaJ-
purpose interface bus).

hysteresis A characteristic of a threshold-triggered circuit, such as
the Schmitt trigger, where the device turns on and off at different
input levels.
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IEEE Institute of Electrical and Electronics Engineers.

IEEE 4SS bus Same as GPIB (general-purpose interface bus); a
standard parallel bus used widely for test and measurement inter-
facing.

IEEE 1394 A serial bus for high-speed data transfer; also known
as FireWire.

12L Integrated injection logic; an IC technology.

Implementation The software process where the logic structures
described by the netlist are mapped into the structure of the target
device.

increment To increase the binary state of a counter by one.

input The signal or line going into a circuit; a signal that controls
the operation of a circuit.

input/output (I/O) A terminal of a device that can be used as ei-
ther an input or as an output.

instruction One step in a computer program; a unit of information
that tells the CPU what to do.

instruction pairing The process of combining certain independ-
ent instructions so that they can be executed simultaneously by
two separate execution units.

integer A whole number.

integrated circuit (IC) A type of circuit in which all of the com-
ponents are integrated on a single chip of semiconductive material
of very small size.

intellectual property (IP) Designs owned by the manufacturer of
programmable logic devices.

interfacing The process of making two or more electronic devices
or systems operationally compatible with each other so that they
function properly together.

interrupt A computer signal or instruction that causes the current
process to be temporarily stopped while a service routine is run.

inversion The conversion of a HIGH level to a LOW level or vice
versa; also called complementation.

inverter A NOT circuit; a circuit that changes a HIGH to a LOW
or vice versa.

I/O port Input/output port; the interface between an internal bus
and a peripheral.

IP Instruction pointer; a special register within the CPU that holds
the offset address of the next instruction to be executed.

ISA bus Industry standard architecture bus; an internal parallel
bus standard.

ISP In-system programming; a method for programming SPLDs
after they are installed on a printed circuit board and operating in
a system.

Jaz cartridge A magnetic storage device; hard disks encased in
a rigid plastic cartridge with storage capacities of 1 GB or
2GB.

J-K flip-flop A type of flip-flop that can operate in the SET,
RESET, no-change, and toggle modes.

Johnson counter A type of register in which a specific prestored
pattern of Is and Os is shifted through the stages, creating a unique
sequence of bit patterns.

JTAG Joint test action group; the IEEE Std. 1149.1 standard in-
terface for in-system programming.

junction The boundary between an n region and a p region in a BJT.

Karnaugh map An arrangement of cells representing the
combinations of literals in a Boolean expression and used for a
systematic simplification of the expression.

LAB Logic array block; an SPLD array in a CPLD.

latch A bistable digital circuit used for storing a bit.

latency period The time it takes for the desired sector to spin un-
der the head once the head is positioned over the desired track of a
magnetic hard disk.

LCCC Leadless ceramic chip carrier; an SMT package that has
metallic contacts molded into its body.

LCD Liquid crystal display.

leading edge The first transition of a pulse.

least significant bit (LSB) Generally, the right-most bit in a bi-
nary whole number or code.

LED Light-emitting diode.

LIFO Last in-first out memory, memory stack.

listener An instrument capable of receiving data on a GPIB
(general-purpose interface bus).

literal A variable or the complement of a variable.

load To enter data into a shift register.

local bus An internal bus that connects the microprocessor to the
cache memory, the main memory, the coprocessor, and the PCI
bus controller.

local interconnect A set of lines that allows interconnections
among the eight logic elements in a logic array block without us-
ing the row and column interconnects.

logic In digital electronics, the decision-making capability of gate
circuits, in which a HIGH represents a true statement and a LOW
represents a false one.

logic array block (LAB) A group of macrocells that can be inter-
connected with other LABs or to other VOs using a programmable
interconnect array; also called a function block.

logic element The smallest section of logic in an FPGA that typi-
cally contains an LUT, associated logic, and a t1ip-flop.

look-ahead carry A method of binary addition whereby carries
from preceding adder stages are anticipated, thus eliminating
carry propagation delays.

LSI Large-scale integration; a level of fixed-function IC complex-
ity in which there are from more than 100 to 10,000 equivalent
gates per chip.

LUT Look-up table; a type of memory that can be programmed to
produce SOP functions.

machine code The basic binary instructions understood by the
processor.

machine language Computer instructions written in binary code
that are understood by a computer; the lowest level of program-
ming language.



macro cell An SOP logic array with combinational and registered
outputs; part of a PAL or GAL that generally consists of one OR
gate and some associated output logic. Multiple interconnected
macrocells form a CPLD.

magneto-optical disk A storage device that uses electro-
magnetism and a laser beam to read and write data.

magnitude The size or value of a quantity.

mantissa The magnitude of a Boating-point number.

memory array An array of memory cells arranged in rows and
columns.

MFLOPS Million Boating-point operations per second.

microprocessor A large-scale digital integrated circuit device that
can be programmed with a series of instructions to perform speci-
fied functions on data.

minimization The process that results in an SOP or POS Boolean
expression that contains the fewest possible terms with the fewest
possible literals per term.

minuend The number from which another number is subtracted.

MIPS Million instructions per second.

MMACS Million multiply/accumulates per second.

mnemonic An English-like instruction that is converted by an as-
sembler into a machine code for use by a processor.

modem A modulator/demodulator for interfacing digital devices
to analog transmission systems such as telephone lines.

modulus The number of unique states through which a counter
will sequence.

monostable Having only one stable state. A monostable multivi-
brator, commonly called a one-shot, produces a single pulse in re-
sponse to a triggering input.

monotonicity The characteristic of a DAC defined by the absence
of any incorrect step reversals; one type of digital-to-analog
linearity.

MOS Metal-oxide semiconductor; a type of transistor technology.

MOSFET Metal-oxide semiconductor field-effect transistor.

most significant bit (MSB) The left-most bit in a binary whole
number or code.

MSI Medium-scale integration; a level of fixed-function IC com-
plexity in which there are from 10 to 100 equivalent gates per chip.

multiplexer (mux) A circuit (digital device) that switches digital
data from several input lines onto a single output line in a speci-
fied time sequence.

multiplicand The number that is being multiplied by another
number.

multiplier The number that multiplies the multiplicand.

multi vibrator A class of digital circuits in which the output is
connected back to the input (an arrangement called feedback) to
produce either two stable states, one stable state, or no stable
states, depending on the configuration.

NAND gate A logic circuit in which a LOW output occurs only if
all the inputs are HIGH.
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negative-AND An equivalent NOR gate operation in which the
HIGH is the active input when all inputs are LOW.

negative-OR An equivalent NAND gate operation in which the
HIGH is the active input when one or more of the inputs are LOW.

netlist A detailed listing of information necessary to describe a
circuit, such as types of elements, inputs, and outputs, and all in-
terconnections.

nibble A group of four bits.

NMOS An n-channel metal-oxide semiconductor.

node A common connection point in a circuit in which a gate out-
put is connected to one or more gate inputs.

noise immunity The ability of a circuit to reject unwanted
signals.

noise margin The difference between the maximum LOW output
of a gate and the maximum acceptable LOW input of an equiva-
lent gate; also, the difference between the minimum HIGH output
of a gate and the minimum HIGH input of an equivalent gate.

nonvolatile A term that describes a memory that can retain stored
data when the power is removed.

NOR gate A logic gate in which the output is LOW when any or
all of the inputs are HIGH.

NOT A basic logic operation that performs inversions.

numeric Related to numbers.

Nyquist frequency The highest signal frequency that can be sam-
pled at a specified sampling frequency; a frequency equal to or
less than half the sampling frequency.

object program A machine language translation of a high-level
source program.

octal Describes a number system with a base of eight.

odd parity The condition of having an odd number of Is in every
group of bits.

offset address The distance in number of bytes of a physical ad-
dress from the base address.

OLMC Output logic macrocell; the part of a GAL that can be
programmed for either combinational or registered outputs; a
block of logic in a GAL that contains a fixed OR gate and other
logic for handling inputs and/or outputs.

one-shot A monostable multivibrator.

op code Operation code; the code representing a particular micro-
processor instruction; a mnemonic.

open-collector A type of output in a logic circuit in which the col-
lector of the output transistor is left disconnected from any inter-
nal circuitry and is available for external connection; normally
used for driving higher-current or higher-voltage loads.

operational amplifier (op-amp) A device with two differential
inputs that has very high gain, very high input impedance, and
very low output impedance.

OR A basic logic operation in which a true (HIGH) output occurs
when one or more of the input conditions are true (HIGH).

OR gate A logic gate that produces a HIGH output when one or
more inputs are HIGH.
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oscillator An electronic circuit that is based on the principle of re-
generative feedback and produces a repetitive output waveform; a
signal source.

OTP One-time programmable.

output The signal or line coming out of a circuit.

overflow The condition that occurs when the number of bits in a
sum exceeds the number of bits in each of the numbers added.

PAL Programmable array logic; a type of one-programmable
SPLD that consists of a programmable array of AND gates that
connects to a fixed array of OR gates.

parallel In digital systems, data occurring simultaneously on sev-
erallines; the transfer or processing of several bits simultaneously.

parity In relation to binary codes, the condition of evenness or
oddness of the number of Is in a code group.

parity bit A bit attached to each group of information bits to
make the total number of Is odd or even for every group of bits.

PCI bus Peripheral control interconnect bus; an internal parallel
bus standard.

period (T) The time required for a periodic waveform to repeat itself.

periodic Describes a waveform that repeats itself at a fixed interval.

peripheral A device or instrument that provides communication
with a computer or provides auxiliary services or functions for the
computer.

physical address The actual location of a data unit in memory.

PlC Programable interrupt controller; handles the interrupts on a
priority basis.

pipeline As applied to memories, an implementation that allows a
read or write operation to be initiated before the previous opera-
tion is completed; part of the DSP architecture that allows multi-
ple instructions to be processed simultaneously.

PLA Programmable logic array; an SPLD with programmable
AND and OR arrays.

platform FPGA An FPGA that contains either or both hard core
and soft core embedded processors and other functions.

PLCC Plastic leaded chip carrier; an SMT package whose leads
are turned up under its body in a J-type shape.

PLD Programmable logic device; an integrated circuit that can be
programmed with any specified logic function.

PMOS A p-channel metal-oxide semiconductor.

pointer The contents of a register (or registers) that contain an ad-
dress.

polling The process of checking a series of peripheral devices to
determine if any require service from the CPU.

port A physical interface on a computer through which data are
passed to or from peripherals.

positive logic The system of representing a binary 1 with a HIGH
and a binary 0 with a LOW.

power dissipation The product of the dc supply voltage and the
de supply current in an electronic circuit; the amount of power re-
quired by a circuit.

prefetching The process of executing instructions at the same
time as other instructions are "fetched," eliminating idle time; also
called pipelining.

preset An asynchronous input used to set a flip-flop (make the Q
output I).

primitive A basic logic element such as a gate or flip-flop,
input/output pins, ground, and Vcc.

priority encoder An encoder in which only the highest value in-
put digit is encoded and any other active input is ignored.

probe An accessory used to connect a voltage to the input of an
oscilloscope or other instrument.

product The result of a multiplication.

product-of-sums (POS) A form of Boolean expression that is ba-
sically the ANDing of ORed terms.

product term The Boolean product of two or more literals equiv-
alent to an AND operation.

program A list of computer instructions arranged to achieve a
specific result; software.

programmable interconnect array (PIA) An array consisting of
conductors that run throughout the CPLD chip and to which con-
nections frorn the macrocells in each LAB can be made.

PROM Programmable read-only semiconductor memory; an
SPLD with a fixed AND array and programmable OR array; used
as a memory device and normally not as a logic circuit device.

propagation delay time The time interval between the occurrence
of an input transition and the occurrence of the corresponding output
transition in a logic circuit.

pseudo-operation An instruction to the assembler (as opposed to
a processor).

pull-up resistor A resistor with one end connected to the de sup-
ply voltage used to keep a given point in a circuit HIGH when in
the inactive state.

pulse A sudden change from one level to another, followed after a
time, called the pulse width, by a sudden change back to the origi-
nallevel.

pulse width (t,.) The time interval between the 50% points of the
leading and trailing edges of the pulse; the duration of the pulse.

QIC Quarter-inch cassette; a type of magnetic tape.

quantization The process whereby a binary code is assigned to
each sampled value during analog-to-digital conversion.

queue A high-speed memory that stores instructions or data.

quotient The result of a division.

race A condition in a logic network in which the difference in
propagation times through two or more signal paths in the
network can produce an erroneous output.

RAM Random-access memory; a volatile read/write semi-
conductor memory.

read The process of retrieving data from a memory.

real mode Operation of an Intel processor in a manner to emulate
the 8086's 1 MB of memory.

recycle To undergo transition (as in a counter) from the final or
terminal state back to the initial state.



refresh To renew the contents of a dynamic memory by recharg-
ing the capacitor storage cells.

register A digital circuit capable of storing and shifting binary in-
formation; typically used as a temporary storage device.

register array A set of temporary storage locations within the mi-
croprocessor for keeping data and addresses that need to be ac-
cessed quickly by the program.

registered A CPLD macrocell output configuration where the out-
put comes from a flip-flop.

relocatable code A program that can be moved anywhere within
the memory space without changing the basic code.

remainder The amount left over after a division.

RESET The state of a flip-flop or latch when the output is 0; the
action of producing a RESET state.

resolution The number of bi ts used in an ADC.

reverse bias A voltage polarity condition that prevents a pn junc-
tion of a transistor or diode from conducting current.

ring counter A register in which a certain pattern of Is and Os is
continuously recirculated.

ripple carry A method of binary addition in which the output
carry from each adder becomes the input carry of the next higher-
order adder.

ripple counter An asynchronous counter.

rise time The time required for the positive-going edge of a pulse
to go from 10% of its full value to 90% of its full value.

ROM Read-only semiconductor memory, accessed randomly;
also referred to as mask-ROM.

sampling The process of taking a sufficient number of discrete
values at points on a waveform that will define the shape of the
waveform.

schematic (graphic) entry A method of placing a logic design
into software using schematic symbols.

Schottky A specific type of transistor-transistor logic circuit
technology.

SCSI Small computer system interface; an external parallel bus
standard.

SDRAM Synchronous dynamic random-access memory.

seek time The time for the read/write head in a hard drive to posi-
tion itself over the desired track for a read operation.

segment A 64k block of memory.

sequential circuit A digital circuit whose logic states follow a
specified time sequence.

serial Having one element following another, as in a serial trans-
fer of bits; occurring, as pulses, in sequence rather than
simultaneously.

SET The state of a flip-flop or latch when the output is 1; the
action of producing a SET state.

set-up time The time interval required for the control levels to be
on the inputs to a digital circuit, such as a flip-flop, prior to the
triggering edge of clock pulse.
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shift To move binary data from stage to stage within a shift regis-
ter or other storage device or to move binary data into or out of the
device.

signal A type ofVHDL object that holds data.

signal tracing A troubleshooting technique in which waveforms
are observed in a step-by-step manner beginning at the input and
working toward the output or vice versa. At each point the ob-
served waveform is compared with the correct signal for that
point.

sign bit The left-most bit of a binary number that designates
whether the number is positive (0) or negative (1).

SIMM Single-in-line memory module.

SMT Surface-mount technology; an IC package technique in
which the packages are smaller than DIPs and are mounted on the
printed surface of the PC board.

soft core A portion of logic in an FPGA; similar to hard core ex-
cept it has some programmable features.

software Computer programs; programs that instruct a computer
what to do in order to carry out a given set of tasks.

software interrupt An instruction that invokes an interrupt serv-
ice routine.

SOIC Small-outline integrated circuit; an SMT package that resem-
bles a small DIP but has its leads bent out in a "gull-wing" shape.

source A sending device of a bus; one of the terminals of a field-
effect transistor.

source program A program written in either assembly or high-
level language.

speed-power product A performance parameter that is the prod-
uct of the propagation delay time and the power dissipation in a
digital circuit.

SPLD Simple programmable logic device; an array of AND gates
and OR gates that can be programmed to achieve specified logic
functions. Four types are PROM, PLA, PAL, and GAL.

SRAM Static random-access memory; a type of PLD volatile pro-
grammable link based on static random-access memory cells and
can be turned on or off repeatedly with programming.

S-R flip-flop A SET-RESET flip-flop.

SSI Small-scale integration; a level of fixed-function IC complex-
ity in which there are up to 10 equivalent gates per chip.

SSOP Shrink small-outline package.

stage One storage element (flip-flop) in a register.

state diagram A graphic depiction of a sequence of states or values.

state machine A logic system exhibiting a sequence of states con-
ditioned by internal logic and external inputs; any sequential cir-
cuit exhibiting a specified sequence of states.

static memory A volatile semiconductor memory that uses flip-
flops as the storage cells and is capable of retaining data without
refreshing.

storage The capability of a digital device to retain bits; the
process of retaining digital data for later use.

string A contiguous sequence of bytes or words.
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strobing A process of using a pulse to sample the occurrence of
an event at a specified time in relation to the event.

subroutine A series of instructions that can be assembled together
and used repeatedly by a program but programmed only once.

subtracter A logic circuit used to subtract two binary numbers.

subtrahend The number that is being subtracted from the minuend.

sum The result when two or more numbers are added together.

sum-of-products (SOP) A form of Boolean expression that is ba-
sically the ORing of ANDed terms.

sum term The Boolean sum of two or more literals equivalent to
an OR operation.

synchronous Having a fixed time relationship; occurring at the
same time.

synchronous counter A type of counter in which each stage is
clocked by the same pulse.

synthesis The software process where the design is translated into
a netlist.

talker An instrument capable of transmitting data on a GPIB
(general-purpose interface bus).

target device A PLD mounted on a programming fixture or de-
velopment board into which a software logic design is to be
downloaded; the programmable logic device that is being pro-
grammed.

terminal count The final state in a counter's sequence.

text entry A method of entering a logic design into software us-
ing a hardware description language (HDL).

throughput The average speed with which a program is executed.

timer A circuit that can be used as a one-shot or as an oscillator; a
circuit that produces a fixed time interval output.

timing diagram A graph of digital waveforms showing the proper
time relationship of two or more waveforms and how each wave-
form changes in relation to the others.

timing simulation A software process that uses information on
propagation delays and netlist data to test both the logical opera-
tion and the worst-case timing of a design.

toggle The action of a flip-flop when it changes state on each
clock pulse.

totem-pole A type of output in TTL circuits.

trailing edge The second transition of a pulse.

transistor A semiconductor device exhibiting current and/or volt-
age gain. When used as a switching device, it approximates an
open or closed switch.

trigger A pulse used to initiate a change in the state of a logic
circuit.

tristate A type of output in logic circuits that exhibits three states:
HIGH, LOW, and high-Z; also known as 3-state.

troubleshooting The technique of systematically identifying, iso-
lating, and correcting a fault in a circuit or system.

truth table A table showing the inputs and corresponding output
level of a logic circuit.

TSSOP Thin shrink small-outline package.

TTL Transistor-transistor logic; a class of integrated logic circuit
that uses bipolar junction transistors.

TVSOP Thin very small-outline package.

DLSI Ultra large-scale integration; a level of IC complexity in
which there are more than 100,000 equivalent gates per chip.

unit load A measure of fan-out. One gate input represents a unit
load to the output of a gate within the same IC family.

universal gate Either a NAND gate or a NOR gate. The term
universal refers to the property of a gate that permits any logic
function to be implemented by that gate or by a combination of
gates of that kind.

universal shift register A register that has both serial and parallel
input and output capability.

up/down counter A counter that can progress in either direction
through a certain sequence.

USB Universal serial bus; an external serial bus standard.

DV EPROM Ultraviolet erasable programmable ROM.

variable symbol used to represent a logical quantity that can have
a value of 1 or 0, usually designated by an italic letter.

VHDL A standard hardware description language; IEEE Std.
1076-1993.

VLSI Very large-scale integration; a level of IC complexity in
which there are from more than 10,000 to 100,000 equivalent
gates per chip.

volatile The characteristic of a programmable logic device that
loses programmed data when power is turned off.

weight The value of a digit in a number based on its position in
the number.

word A complete unit of binary data.

word capacity The number of words that a memory can store.

word length The number of bits in a word.

WORM Write once-read many; a type of optical storage device.

write The process of storing data in a memory.

zero suppression The process of blanking out leading or trailing
zeros in a digital display.

Zip disk A type of magnetic storage; a flexible disk with a capac-
ity of 100 MB housed in a rigid plastic cartridge about the size of
a floppy.
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look-ahead carry, 309-311
parallel, 301-311
ripple carry, 308

Adder expansion, 305
Addition, 15, 68, 78
Address, 571, 596
Address access time, 546, 560
Address bus, 540, 699, 735
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Ball-grid array package, 25, 768
Base, 50, 75, 800
Base address, 704
Baseline, 8
Baud rate, 728
BCD (binary coded decimal), 16, 84-87,

95,103,320,324
addition, 85
counter, 432, 440, 443
decoder, 463

BEDO DRAM, 554
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counter, 429, 436-439
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decoder, 316
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division, 59
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151, 800
Bistable multivibrator, 372, 413
Bit, 6, 40, 50, 538
Bit manipulation, 716
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General-purpose interface (GPIB),

729, 735
IEEE-488, 729
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Bypass register, 654
Byte, 65, 103,538,596
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generation, 309
propagation, 309
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Carry look-ahead adder, 309-311
Cascade, 306, 354,457,480
Cascade chain, 639
Cascaded counter, 457-460, 471
CCD (charge-coupled device), 578
CD player,S
CD-R,584
CD-ROM, 583
CD-RW, 584
Cell, 210, 538,543, 564,596,606
Cell adjacency, 211, 226
Cellular telephone, 764
Channel count, 34
Checkerboard pattern, 587
Checksum, 586
Chip, 19
Clear, 386, 413, 521
Clock, 9, 40, 392,413,428,448,472,496
CMOS, 7,22,151,156,168,391,786,

794-799,817
Coarse-grained, 25, 628
Codec,764
Codes, 6,15,87-101
Code converter, 15,329-331

BCD-to-binary, 329
binary-to-Gray, 330
Gray-to-binary, 331

Collector, 800
Combinational logic, 246-278, 296-347
Combinational mode, 624, 626
Commutative laws, 186
Compact disk (CD), 5
Comparator, 14,311-315,566
Compiler, 27, 40, 646, 679, 709
Complement, 60, 114, 116, 168, 184, 189,

191,234
Component, VHDL, 267-268, 282
Component instantiation, 269
Computer, 692-735
Configurable logic block (CLB), 628,

638,678
Contact bounce elimination, 375
Control bus, 545, 699, 735
Control dependency, 469
Control unit, 699
Conversion

AID (analog-to-digital), 6, 28, 748-762
BCD-to-binary, 329
BCD-to-decimal, 85
binary-to-decimal, 52
binary-to-Gray, 88
binary-to-hexadecimal, 76
binary-to-octal, 83
D/A (digital-to-analog), 768-775
decimal-to-BCD,85
decimal-to-binary, 53-56
decimal-to-hexadecimal,78
decimal-to-octal, 82
fractional, 55
Gray-to-binary, 88

hexadecimal-to-binary, 76
hexadecimal-to-decimal, 77
octal-to-binary, 83
octal-to-decimal, 82

C++ language, 717
Count-down chain, 458
Counter, 18, 122,396,426-480

asynchronous, 428-436
binary, 429, 436-439
cascaded,457-460,471
decade, 432, 440
synchronous, 436-457
up/down, 444-447

Counter decoding, 461-464
Coupling, oscilloscope, 31
CPLD (complex PLD), 23-24, 40, 146,

148,613-623,679
CPU (central-processing unit), 694,

735, 766
Cross-assembler, 709
CRT (cathode-ray tube), 28
CUPL,148
Curie point, 582
Current sinking, 793, 805, 817
Current sourcing, 793, 805, 817

D/A conversion, 768-775
accuracy, 773
differential nonlinearity, 774
errors, 774
linearity, 773
monotonicity, 773
nonmonotonicity,774
offset error, 775
resolution, 771
settling time, 773

DAC (digital-to-analog converter), 5, 744,
769-773

binary-weighted-input, 769
R/2R ladder, 771

DAT (digital audio tape), 582
Data, 10, 40, 97
Data acquisition, 35
Data bus, 539, 699, 735,
Data communication equipment

(DCE),728
Data rate buffering, 575
Data register, 541, 707
Data selector, 16,331-342
Data sheet, 157-159,806
Data storage, 494, 579
Data terminal equipment (DTE), 727
Data transfer, 10,716
Data transmission system, 343
DC component, 31
DC supply, 37,151,155,786
Debug assembler, 711
Decade counter, 432, 440
Decimal numbers, 48-49, 53-56
Decimal-to-binary conversion, 53-56

Decoder, 16,316-324,354,559
address, 541, 559
BCD-to-decimal, 320, 462-463
BCD-to-7 segment, 322-324
binary, 316
counter, 461-464
4-line-to-16-line, 317
4-line-to-1O-line, 320
l-of-16,317
l-of-lO, 320

Delta modulation, 758
DeMorgan's theorems, 191-194,257
Demultiplexer (DEMUX), 16,

340-342,354
Dependency notation, 469-470, 521-522
Design, 447
Design entry, 26, 148,645
Design flow, 26, 644, 679
Development board, 26, 644
Development software, 26, 643-654
D flip-flop, 382-383, 413
Difference, 15,69
Digital, 4, 40
Digital clock, 465
Digital codes, 4,87-101
Digital multimeter (DMM), 37
Digital oscilloscope, 29-33
Digital signal processing, 742-777
Digital-to-analog converter (DAC), 5, 744,

769-773
Digital waveform, 7, 51,115
DIMM,572
DIP (dual in-line package), 20, 152-153
Direct addition, 71
Direct memory access (DMA), 720-

722, 767
Distinctive shape symbol, 114, 117, 124,

129,135,140,154,246,249
Distributive law, 186, 189
Dividend, 73
Division, 15,73
Divisor, 73
D latch, 376-378
DLT (digital linear tape), 582
Domain, 200
"Don't care" condition, 220, 234, 449
Double precision, 66
Download, 27, 652, 679
Drain, 794
DRAM (Dynamic Random Access

Memory), 542, 549-555, 567, 596
FPM,554
EDO,554
BEDO,554
synchronous, 554

DSP (Digital Signal Processor),
762-768, 777

DSP core, 765, 777
DSP programming, 762
Dual gate symbols, 258, 261



Dual-slope ADC, 754
Duty cycle, 9, 407
DVD (digital versatile disk), 585
Dynamic input indicator, 378
Dynamic random-access memory

(DRAM), 542, 549-555, 567, 596

ECL (emitter-coupled logic), 813, 817
Echo, 763
Edge-triggered flip-flop, 378-393, 413
EDIF (Electronic Design Interchange

Format), 650
EDO DRAM, 554
E2CMOS, 146,607,816-817
EIA (Electronic Industries

Association), 727
EPROM, 145-146, 168
EEPROM 146, 168,555,563,567,613
EIA-232, 728
8421 code, 84
Electronic switch, 16
Electrostatic discharge (ESD), 22, 798
Embedded functions, 150, 632, 636, 642
Emitter, 800
Enable, 122, 168, 376
Encoder, 16,324-328, 354

decimal-to-BCD,324
keyboard, 328
priority, 326, 355

Encryption, 765
Entity, 228
EPROM, 145, 168,555,561-563,567,596
Equality, 312
Erase, 565
Error correction, 95 -10 1, 765
Error detection, 95-96, 343, 765
Even parity, 95, 342
Exclusive-NOR, 141, 152, 168,249
Exclusive-OR, 139-141, 152-153, 168,

249,299,312,610
Execution unit (EU), 701, 705
Exponent, 66
Extended ASCII, 92-94
Extended precision, 66
Extest, 654, 666

Falling edge, 7, 115
Fall time, 8
Fan out, 156, 168,792,817
Fast page mode DRAM, 553
Feedback,372,510
Fetch/execute, 694, 701, 767, 777
Field-effect transistor (FET), 151, 562
FIFO (first-in-first-out) memory,

574,596
Filter, 737, 764

anti-aliasing,747
reconstruction, 775

Fine-grained, 25, 628
Fire Wire, 728, 735

Fitter tool, 679
Fitting, 27, 651
555 timer, 403-409
Fixed-function logic, 19-22, 150-158
Flag, 706
Flash memory, 146, 563-568, 596
Flat schematic, 646
Flip-flop, 17,378-397,428,474,494,609

D, 382-383, 495
J-K, 383-386, 428
S-R, 379-382

Flip-flop transition table, 449
Floating gate, 145,564,816
Floating level, 273
Floating-point number, 65-67, 103
Floppy disk, 18,581
Flow chart, 586-588, 710
Flow-through SRAM, 548
Flying probe testing, 663, 679
Fowler-Nordheim tunncling, 145
FPGA (field-programmable, gate array),

23-24,41,146,148,628-642,679
FPGA core, 631
FPM DRAM, 554
Fractional number, 48, 55
Frequency, 5,8,28, 392
Frequency division, 394
Full-adder, 299, 302 , 354
Full-modulus cascading, 460
Functional simulation, 27, 648, 679
Function block (FB), 621
Function generator, 36
Fuse technology, 145, 168
Fusible link, 561

GAL (generic array logic), 23, 607, 679
Gate, 13,41,117,794
Gated latch, 376-378
General-purpose interface (GPIE),

729, 735
General register, 705
Glitch, 345, 347, 354, 462, 651
Global bus, 614
Graphic entry, 26, 148,645
Gray code, 16,87,448,475
Grounding, 166

Half-adder, 298, 354
Hamming code, 96-101,103
Handling precautions, CMOS, 22, 798
Handshaking, 722, 731
Hard core, 631
Hard disk, 18,579,596,695
Hardware description language (HDL), 26,

148,228
Harmonics, 745
Hertz, 8
Hexadecimal addition, 78
Hexadecimal numbers, 35, 75-81, 90, 103
Hexadecimal subtraction, 80
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Hex inverter, 152
Hierarchical approach, 646
High-level language, 708, 735
High-level programming, 717
High-Z state, 724, 798
Ho1d,748
Hold time, 392, 413, 547
Horizontal controls, oscilloscope, 31
Host processor, 631
Hyper page mode DRAM, 554
Hysteresis, 400

Identification register, 654
IEEE 488, 729, 735
IEEE 1394, 728
IEEE Std. 754-1985, 66
IEEE Std. 1076-1993, 228
IEEE Std. 1149.1, 149, 168,654,664
Image processing, 763
Implementation, 27, 650
Index registers, 705
Inequality, 313
Inhibit, 122
Input, 13,41
Input/output (I/O) interrupt, 719
Input/output (I/O) port, 319, 695
Instance, 650
Instruction, 694, 716
Instruction decoder, 698
Instruction pairing, 701
Instruction pointer, 703
Instruction queue, 701-702
Instruction register, 654
Instruments, 27-37
In-system programming (ISP), 27,

146, 148
Integer, 65
Integrated circuit, 19-22,41,150-159,

784-817
ADC0804 ADC, 758
CoolRunner II CPLD, 621, 626
555 timer, 403-409
GAL22V1O,612
MAX 7000 CPLD, 614-617, 624
MAX II CPLD, 618-620
PALl6V8, 611
Pentium microprocessor, 706
74ABT,151
74AC, 151
74ACT,151
74AHC,151
74AHCT,151
74ALB,151
74ALVC, 151
74ALS,152
74AS, 152
74BCT,151
74F, 152
74HC, 151
74HCT,151
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74LV, 151
74LVC, 151
74LVT, 151
74LS, 152
74S, 152
74121 nonretriggerable one-shot, 399
74AHC74 dual edge-triggered J-K flip-

fJop,388
74FI62 synchronous BCD decade

counter, 443
74HCOO quad 2-input NAND

gate, 159
74HC85 4-bit magnitude

comparator, 314
74HC112 dual J-K flip-flop, 389
74HCI383-line-to-8-line

decoder/demux, 344, 346-347
74HCI47 decimal-to-BCD priority

encoder, 326
74HCI54 4-line-to-16-line decoder,

318,341
74HC157 quad 2-input data

selector/mux, 333
74HC161 4-bit binary counter, 460
74HC163 4-bit synchronous binary

counter, 441
74HCl64 8-bit serial in/parallel out

shift register, 500, 521
74HC165 8-bit parallel load shift

register, 503
74HC190 up/down decade counter, 446
74HC194 4-bit bidirectional universal

shift register, 509
74HC195 4-bit parallel-access shift

register, 506, 516
74LSOO quad 2-input NAND gates, 158
74LS47 BCD-to-7 segment

decoder/driver, 322, 336
74LS75 quad D latch, 377
74LS93 4-bit synchronous binary

counter, 434
74LS122 retIiggerable one-shot, 400, 403
74LS 139 dual 2-line-to-4-line

decoder/demux,336
74LS 148 8-line-to-3-line encoder, 326
74LS1518-bitdata

selector/multiplexer, 334,
338-339,344

74LS279 quad S-R latch, 375
74LS280 odd/even parity

generator/checker, 343-344
74LS283 4-bit parallel binary adder,

304
74XXOO quad 2-input NAND

gates, 153
74XX02 quad 2-input NOR gates, 153
74XX04 hex inverters, 153
74XX08 quad 2-input AND gates, 153
74XX1O triple 3-input NAND

gates, 153

74XX11 triple 3-input AND gates, 153
74XX20 dual4-input NAND gates, 153
74XX21 dua14-input AND gates, 153
74XX27 triple 3-input NOR gates, 153
74XX30 single 8-input NAND

gate, 153
74XX32 quad 2-input OR gate, 153
74XX86 quad exclusive-OR gates, 153
TMS320C6000 DSP, 765

Integrated circuit packages, 20, 24, 152
Intellectual property (IP), 633, 679
Interfacing, 722-725
Interpreter, 709
Interrupt, 716, 718-720, 735
Interrupt driven I/O, 719
Intest, 655, 664
Intrusion detection, 128
Invalid code, 85, 220
Inversion, 114
Inverter, 13,41,60-61,114-117,129,

168,795
ISA bus, 726-727
ISP (In-System Programming), 27,

146, 148

Jack Ki1by, 383
Jaz,581
J-K flip-flop, 383-386, 413
Johnson counter, 510-512
JTAG,27, 149, 168,654,664
Jump, 716
Junction, 800

Karnaugh map, 210-228, 234, 449
Kerr effect, 583
Keyboard encoder, 519-521

LAB (logic block array), 24-25, 613, 679
Lamp test, 323
Lands, 583
Laser,S, 18,583-584
Latch, 372-378, 413, 543
Latency period, 581
LCCC (leadless ceramic chip carrier),

20-21
LCD (liquid crystal display), 29
Leading edge, 7
LED (light emitting diode), 138
Level indicator, 114
UFO (last in-first out) memory, 575, 596
Listener, 730
Literal, 184
Loading, 157,502,527,792-793
Local bus, 726-727
Logic, 12-19,41
Logic analyzer, 33-35
Logic array block (LAB), 24, 633
Logic block, 25
Logic function generator, 337
Logic level, 6,156,786-787

Logic module (LM), 630
Logic operations, 12-14
Logic probe, 36
Logic pulser, 36
Logic schematic, 646
Logic signal source, 35
Look-ahead carry adder, 309-311, 354
Loop, 716
LSB (least significant bit), 52, 54, 60, 103,

302,312,428
LSD (least significant digit), 78
LSI (large scale integration), 21
LUT (look-up table), 557, 618, 630, 679

Machine language, 708-709, 736
Macrocell, 609, 614, 623-624, 626, 679
Magnetic storage, 18,579-582
Magnetic tape, 18, 582
Magneto-optical disk, 18,582
Magnitude, 14
Mantissa, 65-66
Mask ROM, 555
Mealy state machine, 447
Memory, 18, 150,448,536-578,695

dynamic,542,549-555,567,596
flash, 146,563-568,596
magnetic, 17-18,579-582
random-access, 18,542-555,596,695
read-only, 18,555-563,567,596,695
static, 146, 168,542-549,567,596,

628,631
Memory address, 539
Memory array, 538, 545, 566
Memory capacity, 539, 596
Memory depth, 34
Memory expansion, 568-574
Memory modules, 572
Memory testing, 585
MFLOPS, 766, 777
Microphone, 5
Microprocessor, 150,698-707,736
Minimization, 212, 215-216, 221, 234
Minuend,69
MIPS, 766, 777
MMACS, 766, 777
Mnemonic, 35, 708
Mode dependency, 470
Modem 727, 736
Modulus, 432, 458, 480
Monostable multi vibrator,

398-404,413
Monotonicity, 773
Moore state machine, 447
MOSFET, 22, 794
MOS memory, 561
MSB (most significant bit), 52, 54, 88,

103,312,429
MSI (medium scale integration), 21
Multiplexed bus, 722
Multiplexed I/O, 725



Multiplexer (rnux), 16,331-340,354,
467,639

Multiplicand, 70
Multiplication, 15,70
Multiplier, 15,70
Multivibrator, 372, 398-404,406,413
Music processing, 763

NAND gate, 129-134, 152-153, 168,
191,256,258,316,372,461,
796, 801

NAND/NAND,201
Negation indicator, 114
Negative-AND, 136-137, 191,261,282
Negative logic, 6
Negative-OR, 131, 191,258,282
Netlist, 27, 650
Next-state table, 448
Nibble, 538
NMOS, 22, 561, 815
Node, 273, 282
Noise, 4, 151
Noise immunity, 151,788,817
Noise margin, 788, 814, 817
Nondestructive read, 541
Nonlinearity, 8
Nonperiodic, 8
Nonvolatile memory, 542
NOR gate, 134-139, 152-153, 168, 191,

257,261,797
NOT-AND, 129
NOT operation, 13,41,60
NOT-OR,135
Numerical expansion, 213
Nyquist frequency, 746, 777

Object code, 27
Object program, 709
Octal numbers, 82-84, 103
Odd parity, 95, 342
Offset address, 704
1's complement, 60, 62, 64
One-shot, 398-404,413
One-time-programmable (OTP), 145,

147,606
On-the-fly programming, 27, 150
Op-code, 35, 708
Open collector gate, 138,802,807,817
Open drain gate, 138, 797
Open input, 160,273
Open output, 161-162,273
Operational amplifier (op-amp), 752
Optical storage, 583-585
OR gate, 13,24,41,124-128,152-153,

168,184,186,607
Oscillator, 406
Oscilloscope, 27-33
Output, 13,41
Overflow, 69
Overshoot, 7

Page mode, 553
PAL (programmable array logic), 23,

606,679
Parallel adder, 301-311
Parallel data, 10,41,393,467
Parallel expander, 616
Parallel-in/parallel out shift register,

505-507
Parallel-in/serial out shift register, 501-505
Parallel load, 502
Parallel-to-serial conversion, 467
Parity, 95, 97, 103, 342, 354
Parity generator/checker, 342-345
Partial decoding, 432
Partial product, 15,59,71
PCI, 722, 726
Pentium, 706
Period, 8, 28, 408
Periodic, 8
Peripheral, 319, 697, 736
Phase splitter, 800
Physical address, 704
PIA (programmable interconnect array),

24,613
Pin numbering, 20
Pins, input and output, 650
Pipelined SRAM, 548
Pipelining, 700, 767, 827,777
Pits, 583
PLA (programmable logic array), 620, 626
Place-and-route, 27, 651
Platform FPGA, 633
PLCC (plastic-leaded chip carrier), 20-21
PLD (programmable logic device), 22-27,

143-150,604-679
PLD programming, 643-654
PMOS, 814
Polarity indicator, 114
Polled I/O, 718
Polling, 718
Pop operation, 576, 578
Port, 228, 268, 650, 694, 736
Port map, 269
Positive logic, 6
Power dissipation, 151, 156,392,414,

790,812,817
Power supply, 37
Powers-of-eight, 82
Powers-of-16,77
Powers-of-ten, 48
Powers-of-two, 50, 52
Prefetching, 701
Preset, 386, 414
Primitive, 679
Priority encoder, 326, 355
Probe, 29, 32, 35
Probe compensation, 32
Product, 15, 70
Product-of-sums (POS), 203-206, 221,

224,234
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Product term, 185,202,234,615-616
Program, 268, 736
Programmable array, 24, 144, 606
Programmable array logic (PAL), 23, 606
Programmable interconnect array (PIA),

24,613
Programmable interrupt controller

(PIC),719
Programmable link, 144-147,606
Programmable logic array (PLA), 620, 626
Programmable logic, 22-27,143-150,

604-679
Programmable logic device (PLD), 22-27,

143-150,604-679
Programmer, 147
Programming, 26, 147,266-272,564,699,

707-718
PROM,150,555,560-563,596
Propagation delay time, 151, 154, 168,

305,308,390,414,430,791,
812,817

Propositional statement, 12
Protocol handling, 765
Public address system, 5
Pull-up resistor, 328, 797, 817
Pulse, 7, 41, 115, 122,263
Pulse train, 8
Pulse transition detector, 381
Pulse width, 8, 392
Push operation, 576-577

QIC (quarter-inch cartridge), 582
Quantization, 749, 777
Queue, 701
Quotient, 15,73

Race, 410
Radar, 763
RAM (random access memory), 18,542-

555,596,695,721
RAM stack, 576
Range of signed numbers, 65
Read,539,541,546,564,596
Read/write cycle, 546, 552
Read/write head, 579
Real mode, 706
Real number, 65
Real time, 28, 745
Reconstruction filter, 775
Rectangular outline symbol, 114, 117, 124,

129,135,140,154,246,249
Recycle, 429, 480
Refresh, 542, 553
Register, 17,494,527,654
Register array, 698
Registered logic, 609, 679
Registered mode, 625, 627
Register stack, 575
Relocatable code, 703
Remainder, 15,54
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Removable storage, 581, 695
Repeated division-by-Z method, 54
Repeated multiplication-by-2 method, 56
Reset, 373, 386,414,495
Resolution, 752
RIMM,573
Ring counter,512-516
Ringing, 7
Ripple blanking, 323
Ripple-carry adder, 308, 355
Ripple counter, 430, 457
Rise time, 8
Rising edge, 7, 115
ROM (read-only memory), 18,555-563,

567,596,695
ROM access time, 560
RS-232C, 727
RS-422,728
RS-423,728

Sample-and-hold,744
Sampling, 28, 745, 777
Sawtooth waveform, 29
Schmitt trigger, 400
Schematic entry, 26, 148,645,679
Schottky, 152, 804
SCSI (small computer system interface),

733, 736
SDRAM,554
Seat belt alarm, 123
Sector, 580
Security system, 525-527, 589-594
Seek time, 581
Segment, 702
Segment register, 702
Semiconductor, 18, 538
Sequential timer, 402
Serial data, 10, 41, 467
Serial-in/parallel-out shift register,

499-501
Serial-in/serial out shift register, 495-499
Serial-to-parallel conversion,S 16,523
Set, 372, 386,414,495
Settling time, 773
Set-up time, 391, 414
Seven-segment display, 16,230-233,336
Seven-segment decoder logic, 668-677
Shaft position encoder, 87, 89
Shared expander, 615
Shift register, 17,492-596
Shift register counter, 510-514
Shorted input, 162, 273
Shorted output, 162,273
Signal, VHDL, 267-268, 282
Signal generator, 35
Signal tracing, 275, 282
Sign bit, 62
Signed binary numbers, 62-74
Sign-magnitude, 62-63
SIMM,572

Simulation
functional, 27, 648, 679
timing, 27, 651, 679

Simultaneous AID conversion, 752
Single-precision numbers, 66
Single-gate logic, 154
Slice, 638
SMT (surface mount technology), 20
Soft core, 631
Software, 26, 271, 643-654, 696
Software interrupt, 719
SOlC (small outline IC) 20,152-153
Sound wave, 5
Source, 722, 794
Source code, 27
Source program, 709
Speaker, 5
Speech compression

and decompression, 765
Speech generation and recognition, 763
Speed-power product, 156,792
SPLD (simple programmable logic

device), 23, 41, 606-612
Square wave, 32
SRAM (static RAM), 146,168,542-549,

567,596,628,631
S-R flip-flop, 379-382
SSI (small scale integration), 21
S-R latch, 372
SSOP,20
Stack pointer, 577, 705
Stage, 495, 527
State diagram, 448, 480
State machine, 448, 480
Static memory, 146, 168,542-549,567,

596,628,631
Storage, 4, 17,494,579
Storage tank system, 278-281
Stray effects, 8
Strobing, 463
String, 716
Structural approach, VHDL, 266
Subroutine, 716
Subtracter, 15
Subtraction, 15,57,69,73
Subtrahend, 69-70
Successive approximation, 756
Sum, 15,57,68
Sum-of-products (SOP), 200-203, 212,

224,234,247,606,639,646
Sum-of-weights method, 53, 56
Sum term, 184, 204, 234
Supply voltage, 37,151,155-156,786
Surface mount technology (SMT), 20
Switching speed, 154
Synchronous, 9,414,436,480
Synchronous burst SRAM, 543,

547-549
Synchronous counter, 436-457
Synchronous DRAM, 554

Synthesis, 27, 650
System software, 696

Talker, 730
Tape, 18,582
Target device, 148, 168,644,679
Telecommunications, 763
Terminal count, 442, 480
Test access port (TAP), 655
Test instruments, 27-37
Text entry, 26, 148,645,679
T flip-flop, 384
Threshold, 403, 406
Throughput, 702
Tied-together inputs, 811
Time constant, 8, 398
Time delay, 514
Time division multiplexing, 17
Timer, 403-409, 414, 767
Times, 71
Timing diagram, 10,41,115,120,168,

428,433,437,440,457,518
Timing simulation, 27, 651, 679
Toggle, 384,414,430
Totem-pole output, 800, 809, 817
Track, 580
Traffic light control system, 348-353,

411-412,475-479
Trailing edge, 7
Transition table, 449
Trigger, 31, 378, 398, 405
Tristate logic, 366, 545, 610, 723-724,

736,798,803,817
Troubleshooting, 27, 41, 160-166,272-

278,345-347,409-411,471-474,
522-524,585-589,662-667

Truncated sequence, 432, 460, 471
Truth table, 114, 118, 125, 130, 135,

142,168,195,206-208,220,
246,249,251,298-299,303,
374, 379, 384

TSSOP,20
TTL (transistor-transistor logic), 22, 138,

151-152,156,168,787,799-812,817
TVSOP,20
2's complement, 60-61, 63-64, 72, 80

UART (universal asynchronous receiver
transmitter), 518

ULSI (ultra large scale integration), 22
Unit load, 157, 168,793,817
Universal gate, 256-257, 282
Universal shift register, 509
Unused input, 157,810
Up/down counter, 444-447
USE (universal serial bus), 728, 736
UV EPROM, 145,555,562

Variable, 116, 184,234
Vectoring,719



Verilog, 26, 645
VHDL, 26, 228, 234, 266-272, 645
Virtual ground, 752
Vertical controls, oscilloscope, 3 I
VLSI (very large scale integration), 21
Volatile memory, 27, 542
Volume, 5
Voting system, 306-308

Waveform, 7-8, 119, 125, 130, 135, 142,
263,275

Waveform editor, 27, 272, 648
Weight, 48, 52, 64, 84, 329
Wired-AND, 807
Word, 538, 568, 571, 596
Word-capacity expansion, 571
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Word-length expansion, 568
WORM (write once-read many) disk, 584
Write, 539-540, 546, 596

Zero suppression, 323
Zip, 581
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