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Preface

Digital Electronics, Fourth Edition, is a streamlined, no-nonsense text that is ideal
for the community college, Associate of Science degree student who needs a solid,
introductory background in digital electronics. No previous knowledge in digital elec-
tronics is necessary, although a good working knowledge of dc circuits helps the
student feel more comfortable with the concepts of voltage, current, and resistance.
Students who complete this course are well prepared for the hardware encountered in a
course in microprocessors. . '

Text Organization

This book is organized into sixteen chapters, one for each week of a full semester.
Each chapter ends with laboratory exercises that closely correlate with the chapter
material. It is in these labs that the theory comes alive and practical hands-on skills are
learned; a balance is struck between theory and practice. The fourth edition is orga-
nized as follows: ) ‘ B

Number Systems S : .
Binary, hexadecimal, and binary-coded decimal number systems are covered in Chap-
ter 1, along with binary addition.

Basic Gates .

Basic gates and exclusive-Ors are covered in Chapters 2 through 4. Symbols, in-
verted-logic symbols, Boolean expressions, truth tables, enable/inhibit and gate expan-
sion are stressed. Shift-counter and delayed-clock waveforms are used to introduce
waveform analysis. Boolean algebra and Kamaugh map methods are used to imple-
ment given truth tables. Exclusive-OR gates are used as parity generators and parity
checkers and as magnitude comparators.

Adders :

1’s and 2’s complement method of subtraction is introduced in Chapter 5, along with
binary-coded-decimal addition, and signed 2’s complement numbers. 1’s complement
and 2’s complement adder/subtractor circuits and binary-coded-decimal adder circuits
are created by using the basic gates in conjunction with 4-bit full adders.

Specifications
Totem-pole and open-collector outputs are contrasted in Chapter 6. TTL and CMOS

subfamily characteristics and parameters are contrasted. Emitter-coupled logic is intro-
duced.

xi
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Flip-Flops
A progression of flip-flops is studied in Chapters 7 and 8, beginning with crossed
NAND and progressing through gated, transparent, data, master-slave, and JK

flip-flops. JK flip-flops and gates are used to create shift-counter and delayed-clock
waveforms.

Digital Communications

Integrated circuit serial and parallel shift registers are presented in Chapter 9. The
RS-232 standard and ASCII code are studied and a serial receiver is created from
flip-flops and gates. In a “human-relations™ lab exercise, four students work as a team

~ to create a serial receiver from flip-flops and gates and shift register integrated circuits.

The system includes shift-coanter and delayed-clock circuits studied in Chapter 8. The
lab is complete when each member of ‘the group is able to receive and decode the
RS-232 ASCII signals from a computer.

Timing Circuits ~
Decode-and-clear and synchronous counters are presented in Chapter 10. Both inte-
grated circuit counters and counters created from flip-flops and gates are studied. The
student learns to design and create synchronous counters that count in any sequence.
Schmitt-trigger gates are introduced in Chapter 11. Schmitt-trigger gates, 555
timers, CMOS gates, and crystals are used to create a variety of clock circuits.
Triggerable and non-retriggerable one-shot circuits are covered in Chapter 12.
Both integrated circuit one-shots and one-shots creatod from Schmntt—tngger gates and
555 timers are studied. , ‘ :

Interface Circuits
Chapter 13 begins a sequence of topics concerned with mterfacmg digital control
circuits with the external world.

Digital-to-analog and analog-to—dlgltal converters are covered in Chapter 13.
Count-up and compare, flash converters, and successive approx1mat10n converters are
created with flip-flops, gates, and voltage comparators. The successive approximation
circuit begins with shift-counter and delayed-clock c1rcu1ts developed in Chapter 8.
Integrated circuit converters are presented.

In Chapter 14, the concept of decoding is expanded into multiplexers and
demultiplexers. Integrated circuit multiplexers and demultiplexers are presented. LED
and liquid crystal seven-segment displays are intreduced.

Chapter 15 introduces tri-state gates and bus.drivers. Examples are given of inter-
facing control circuits to high-current, high-voltage devices.

Introduction to Microcomputers .
Chapter 16 is a bridge from digital electronics into microcomputers. The basic parts of
a microcomputer are discussed. Memory-integrated circuits are presented.
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Appendixes

Appendix A contains plans and schematics for construction of a lab trainer. Appendix
B contains a list of materials needed to construct the lab circuits. Pinouts for the inte-
grated circuits used in the lab exercises are shown in Appendix C. Although handy,
these pinouts are no substitute for good TTL and CMOS specification manuals (data

books). It is recommended that data books be obtained from one or more of the major
integrated circuit manufacturers.

How to Use the Book

1. An Outline and a list of Key Terms begins each chapter highlighting main top-
ics and new terms the students will fearn.

2. The Objectives for each chapter identifies the skills that the student will
acquire after reading the material.

3. Each chapter contains Self-Check questions to keep the students focused on
the material and to provide immediate feedback on their progress. The an-
swers to the Self-Checks are included at the back of the book.

4. Examples are given to enhance the presentation of new material and to guide
the student in solving problems.

OBJECTIVES

ARer completing this chapter, you should be able 10

« Draw the symbol and write the truth table for an exchusive-OR gate.
« Construct an exclusive-OR gate from basic gates.

o Use an exchaive-OR gate to invert data.

« Use an exchusive-OR gase 1o pass data unalvered.

‘? Exclusive-OR Gates

« Draw the symbol and write the wuth table for an exclusive-NOR gate
Chapter (nosexclustve-OR).
Ouﬂine « Predict the output waveform from an exclusive-OR/NOR.
OUTLINE / o Predict even-panty and odd-panty bits.
41 Exclusive-OR « Comstruct a parity generator using exclusive-OR gates.
42 Ensble/lnkibit « Comstruct a parity checker using exclusive-OR gates
43 Waveform Analyss « Une the 745280 4 a panty generalor and parity checkes
44 ExchuiveNOR o Construct a comparator using exclusive-OR gates.
45  Pamy o Use the 7485 a¢ 8 4-dit magnitude comparsior
46  Even-Parity Generator « Use the 74AC1 1521 as an 8-3it identity comparator.
47 Even/Ods: Parity Generator « Program a GAL IC.
48 Parity Checker « Troubleshoot exclusive-OR based circusts.
49  9-8a Parity Generator/Checker
410 Companior

41l Progammeble Lo Devices
412 Troubleshooting Exclusive-OR Clrouits
Digital Application Parity

LAB4A  Exclusive-OR
LAB 4B Pasity Ceneraton/ Checker

KEY TERMS

even-parity nonexchusive-OR
enchasive-NOR odd-panty
enchunive-OR party bit
ulentity comparator panty checker

maganede Comparaton parity generatoc
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switch bounces. Figure 7-18 shows the switch movement using a crossed NAND

SET-RESET flip-flop.
Full of sy
Schematics

and

Wustrations a

8V

HGURE 7-18 A crossed NAND SET-RESET flip-lop changing states

EXAMPLE 7-3
Draw the circuit for a debounce switch using a SET-RESET flip-flop made from 2

st st
xamples Solution Refer to Figure 7-19,

252 cHAPTERS

4101728 G1111110117103 1111311143 1111311
“L02048 00131110001100000011000066115000
132080 961100000601100000011000000110013
*LO2112 000000001100000111: 1121111111130
*L0Z34é 1111111LI111R1TLIIL01A11I 1
*L02176 111311311111111110

Self-Checks o

ROURE 540  (continued)

SELF-CHECK7 1. Apply the JEDEC file in Figure 5-40 to the GALIEVS array in Figure 5-38 to deter-
mine what exprassions will be programmed into the IC. {Match the zeros in the
JEDEC file with tha intecsections in Figure 5-38.)

Write tha PLD file for @ hatf adder.

Writa the PLD file for a fufl adder

W

_@_ 5.12 TROUBLESHOOTING ADDER CIRCUITS
In the Chapter § laba you will be working with the adder circuits discussed in this
chapter. Chapter 1 discussed problems that can be encountered with a 4-bit full adder.
Review those concepts. The adder cncyiu in this chapter involve several components.

SET
’_/ﬂ A ic approach to ng these circuits needs to be taken.
Ve . } . 1. Set the inputs for a problem that will test a particular aspect of the circuit. For
-—‘j Troubleshooting {* cuample, in & BCD adder three test cases should be considered: 4 problem that
RESET Sec‘ions requires no “add 6" correction, a probiem that requires the “add 6™ because an
unnsed regult occurred in the preliminary addition, and a problem that requires
FIGURE 7-18 ’ the “add 6" because C, occumed. 0 0 0 is 2 good first test. If the circuit
gives an answer of 6, check out the “add 6" circuit to sec how it is being
enabled.
2. Determiite whether the final output is correct.
3. 1f not, do these preliminary checks before spending time searching for a prob-
. ® T - lemain the hadware.
_@_ 7.6 THE GATED SET-RESET FLIP-FLOP - a. Check the power and ground connections on each 1C.
Figuee 7-20 shows @ cressed NAND goted SET-RESET filg-flop and its truth table. b. Chu:lf the inputs 1o the first adder IC to ensure that the adder circuit is
?Ew'rn are m;‘ N:ND Tg‘:ell which are m [’ ;ublmc S'ET;:.ESE:T inputs ulardw - p:w“m'mw.,:o'bk:; o o, check vol
-RESET flip-flop. clock input is to le or inhibit the two gates. [[2 0 . /€T connections inputs are correc ¢ output is not, check volt-
is put on the clock input, the outpu of the two NAND gaes will be forced to 2 1. This . ages in the muddle of the circuit to “divide and conquer.” If the voltages in the
places the crossed NAND SET- flip-flop in its remembering or unchanged
EXCLUSWE-OR GATES.  1B1 fur-Fiops 335
_@’ 4.11 PROGRAMMABLE LOGIC DEVICES . Afer.competing the repairs, the technician notices that the stepper motor docs ot
. s " . Py
5 a circut being desigaed requires these iorm: L w#.mmemwbmupmed.mmolwmhuwm

/" one inverter to produce F
10-input OR to produce d + B+ C+ D+ E+F+ T+ H~1+7

1

2 —_——
Sections on 3. Tinput NOR to produce A+ B+ D+ F+ B+ 1+J
Programmable 4. 4-input AND to produce 4 - F- G -1

5

6

Logic Devices S-input NAND to produce B - C-D- G -7
Iusive-OR to produce 8 @ D
7. nonexclusive-OR to produce AS C

Instead of using a different [C for each function, a single GAL IC wilt be used to per-
form all of these fimctions. The GAL16VS can be used in three different modes; sim-
ple, complex, and registared. The simple mode configuration is shown in Figure 4-27A
and B. Pins 10 and 20 are not shown on the diagram, they are the power pins. Pins |
through 9 and pin 11 are the ten inputs ineo the arcay. Pint 12 theoygh 19 are the cight
outputs. Note that six of the outputs are fod back into the scray; 12,13, 14, and 17, 18,
19. Figurc 4-27B shows the ciscuitry inside each “output logic macrocell” (OLMC).
Putting it all togethes, there are cight cells and each o6} has eight 32-input AND gates
that foed into an 8-input OR gate. The oatpat of the OR gate can be inverted by an ex-
lusive-NOR (exclusive-OR plus inverter) if necessary.

To program a PLD, & three-step process is followed:

Step 1. Create s PLD file for example gates PLD.

Step 2. Run a compiler program such as CUPL. The compilet crestes & JED file
from the original PLD source file. From gates. PLD comes gates.JED.

Step 3. Use the JED file to program the PLD integrated circuit, This is done with
IC programmer hardware and software. We wili follow these threc steps,
first to program a GAL to provide seven gates discussed sbove and then
(o program a GAL to function as an even/odd-parity generator.

Step 1

Write a source program that describes the functions to be performed. The program con-
1ains four sections: header, inputs, outputs, and Boolean expressions. Each line of the
program is termunated with a semicolon.

higher speod, the motoc is emratic and returms to the lower spesd when the high speed
button is released. Measuring the voltages on the pins of the SET-RESET flip-flop, he
finds that pin S of U1 is always low. This pin should only be low when the low spced
button is pressed. After further examination the sechnician finds that the button, 2, is
jammed clased, causing pin 5 of Ul to be at ground level ail the time. The technician
realizes that this is why the board was pressad so hird that the resistor jead of R, was
forced to touch the back of the transistor on the board below, A very good conclusion
on his part. The technician replaces the switch and the circuit works correctly in all
ways. Our technician fills out an engineering repair report that is sent to the design en-
gineer ding that & cent ted standoff be added to prevent the board
from flexing when the buttons afe pressed hard.

N 5 © i

APPUCATION Mechanicsl Flip-Flop

Digital
Applications

Ly L

Have you ever seen 2 control box for a large machine with a start button and a stop but-
1o to start and stop the machine? The electrical circuit that controls the machine isan
clectromechanical SET-RESET flip-flop. The schematic shown i5 a typical start/stop
circuit for a large machine, such as a large compressor for an air conditioner.

The circuit uses a relay which can be latched on by pushing the start button (SET
input) and delatched by pushing the stop button (RESET). The relay contacts can han-
dle the large ac currents needed to tumn the large machine on and off, but the current
necded to run the relay coil is small. do you think you could design a digital circuit us-
ing NAND gates t0 run the reisy?
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260 cwariea s e —
SUMMARY t"a 4 ¥
* In TTL, a high-level output can range from 2.4 volis to ¥, but a high-level input Adders
can range from 2.0 vohs 1o V... The difference provides a 0.4-volt noise margin SR N sl AR
* 16mA is called “one standard TTL load. ™ _—
* Fan-out is the number of loads that 2 device can dnive V\ Hands-on Labs
o From fastest 10 slowest, the TTL subfamilics ace AS, F, S, ALS, LS, TTL, and L OBJECTIVES and Electronics
+ From lowest power consumption fo highest the TTL subfamilies rank #s L. ALS, After completing this lab, you shoald be able to Workbench Labs
LS.F.AS, TTL, S. « Draw the logic diagram for a BCD adder

e

Questions
and
Problems

* An open-collector gate output circuit has no internal path to the power supply. An
external pull-up resistor must be provided.

» Open-collector gate outputs can be tied together and share a common pull-up

resistor

* The 7406, 7407, 7416, and 7417 are open-cellecior gates with high voltage outputs
Theit poll-up resistors can be connected to voltages higher than V. COMPONENTS NEEDED
o CMOS subfamilies include the 4000 senes, 74C senes, 74HC series, T4HCT sertes,

T4AC serics, and T4ACT seties. ‘, ;f; :2

* To interface TTL to CMOS pperating at § volts, & pull-up resistor is needed. 2 T4831Cs

+ Tainterface TTL to CMOS operating at higher voltages, s 4049 or 4050 is used 2 7486 ICs

© HCT i3 designed to interface directly with LS TTL S5 LEDs

o ECL is the fastest family of logic gates, and also draws the most current from the S139 ey
power supply

* Two seties of ECL ICs are the 10K and 100K PREPARATION

» Translator ICs must be used 1o interface ECL to other logic families,
« Surface mount ICs come in SO, LCC, und PLCC packages.

QUESTIONS AND PROBLEMS e . 2. [f the adder works with sums of 9 o less but does not work with sums of 10 ot

2
3
4
S

v @

What is the minimum | level output on a 74LS08?

‘What is the maximum current that a 74L.S08 can sink in the zero output state? BCD adder is turned on when it should be off.

How many 5475s can a 7404 drive” Troubleshoot the rest of Lab SA if it is needed. It is 2 good idea to write the steps
wse to troubleshoot a circuit in a notebook for reference during the troubleshoot

What is the maximuen curvent deawn by a TALSEIA 1C? S ie focPoe i 8. ke tive. & o T

What is the maximum LOW-to-HIGH propagation delay time of a 54217 (As-

sume a load of S0pF, 2k )

AL LS V supply, how much current can a 4006BM sink?
What is the minimunm 1 level output voltage for a 4006BM (5-V supply)?

« Construct and use a BCD adder
* Draw the logic diagram for a 1's complement adder/subtractor.
« Copstruct and use a 1°s complement adder/subtractor

Use @ BCD adder as follows
1. Put 0000 and 0011 into the BCD adder input. Check to see if the output of the
first 7438 1C is 001 1. If it is, check the second 7483 IC for the sum of 0011

more, then the ADD 6 part of the adder is not functioning.
3. 1f the sum of the two inputs 0000 and 0011 is 1001, then the ADD 6 part of the

Review the lab safety rules under SAFETY ADVICE in the PREPARATION sec-
tion of Lab 1A, Chapter |

5.
6.

10.

A Chapter Summary lists pertinent facts for quick review and reinforcement.

End-of-chapter Questions and Problems offer review of material and practice
at putting the material to work. The answers to odd-numbered problems are
included at the back of the book.

. Two Labs are included at the end of each chapter. The first is a hands-on con-

struction project and the second is an Electronics Workbench analysis and
troubleshooting project. Troubleshooting competence is developed by wir-
ing and troubleshooting the lab circuits in the first lab and then by analyzing
and troubleshooting the Electronics Workbench circuits in the second lab. By
using both types of labs, a balance is struck between physically constructing
a circuit and analyzing/troubleshooting circuits using computer simulation
tools, such as Electronics Workbench. Students need to experience both ap-
proaches to fully understand circuit problems.

Many of the words and phrases used in this text are briefly defined in the
Glossary. Refer to it often to familiarize yourself with the terminology.

A concise, easy-to-read style presents fundamental digital concepts in clear,
understandable terms.

A comprehensive text accompanied by schematics and illustrations to help
clarify material.
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New Features

1. Greater emphasis has been placed on developing troubleshooting skills to pre-

pare the student to be more productive in the workforce. A Troubleshooting
section has been added to each chapter, which includes real-world scenarios
that technician may encounter in the field. Guidelines, techniques, and exam-
ples are presented for a logical approach to troubleshooting.

. New Electronics Workbench Labs have been added to each chapter. These

new labs are based on analyzing and troubleshooting Electronics Workbench
circuits. The circuits have built-in faults that the student will have to find. The
chapter troubleshooting sections teach troubleshooting principles and ideas
and the Electronics Workbench labs provide a practical application of those
principles. Computer simulation using Electronics Workbench has been added
to teach students proficiency in using computer simulation tools and to de-
velop their computer skills. Another important advantage of incorporating
these EWB labs is the time saved by providing pre-built circuits rather than
constructing circuits on protoboard. This presents an opportunity for the stu-
dent to practice with many more circuits. (The Electronics Workbench cir-
cuits are available for download through the Digital Electronics’ Online
Companion at www.electronictech.com.)

. Programmable Logic Devices have been integrated into the fourth edition. Be-

ginning with Chapter 3, a section dealing with programmable logic devices

~ has been,added to each chapter. In industry, more systems are using PLDs

to replace numerous integrated circuits. This new coverage on PLDs provides
a starting place for the student to become aware of these new devices and an
introduction to the technology behind them."

These sections are cumulative, beginning with discussions and exercises
involving the internal architecture of a programmable logic device and the
development-of a source file (*.PLD) to program the internal logic into the de-
sired combinatorial logic circuit. CUPL (Compiler for Universal Programma-
ble Logic) software from Logical Devices, Inc. is used to compile the source
file into a JEDEC file (*.JED). The JED file can then be used by an IC pro-
gramming system (hardware and software) to program the actual integrated
circuit. Each chapter presents an application of a PLD that is correlated to the
material in the chapter.

A Universal IC Programmer/Tester by Hi-Lo Systems was used to per-
form the PLD exercises in this text. The software and hardware used can be
purchased from any electronics components catalog, such as Jameco
(www.jameco.com). Other equivalent compilers and programmers can be
used to program the PLDs. :

. A Digital Application section has been added to each chapter. The applica-

tions present industry-designed circuits and scenarios to illustrate the chap-
ter’s content. '
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S. Additional Questions and Problems give the student more opportunity to
review and apply concepts just learned. .

6. Based on reviewer feedback, additional content revisions include:

¢ Math coverage of 1’s complement subtraction and 2’s complement subtrac-
tion has been moved to Chapter 5 to present material more logically.

o Applications of DeMofgan’s theorems have been simplified using a three
step process.

¢ Specification of low voltage CMOS subfamilies has been added to
Chapter 6.

* Added coverage of insulated gate bipolar transistors (IGBTs) in Chapter 15
exposes students to more of these common circuits. The new section on
IBGTs demonstrates the use of digital signals to control high-current and
high-voltage devices.

¢ An introduction to microcontrollers and the Motorola 68HC11 has been
added to Chapter 16.

¢ Added description of more integrated circuits throughout the text gives the
student broader knowledge of available ICs.

Course Options
This text has been used three different ways at Manatee Community College.

1. Digital Electronics was originally written to he used as a second semester text
for students who had completed DC/AC circuits durmg their first semester.
This worked well except, with digital being introduced in the second semester,
only semesters three and four remained for microprocessor-based course
work.

2. In order to introduce digital electronics earlier in the curriculum, it was moved

to the first semester and taught concurrently with DC/AC circuits. Both for-

- mats worked well, but digital electronics was offered only to Electronics Engi-
neering Technology majors.

3. A new format has now evolved, offering a survey of digital and microproces-
sors to networking and programming students. This fourth edition text is used
as one of two books: in a two-semester sequence, Digital/Microprocessors |
and II. In the first course, Digital/Micro I, number systems, gates, and
flip-flops (Chapters 1 through 5, 7, and 8) are covered during the first half
of the semester. Assembly language programming of a microprocessor, asso-
ciated hardware, and interfacing are taught during the second half of that first
semester. Students majoring in electronics return for Digital/Micro II and
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study the rest of Digital Electronics (Chapters 6 and 9 through 14) and addi-
tional microprocessor work, including interfacing processors to serial ports,
parallel ports, programmable counters, and stepper motors. This new format is
working well at Manatee Community College.

Supplementary Package

The majority of our students find this text refreshing and challenging and are excited
about continuing their studies in electronics. To augment the learning process we now
offer these useful supplements to accompany Digital Electronics.

1. The Laboratory Manual contains additional activities to supplement the lab
exercises contained in the text. For each chapter of Digital Electronics the
Laboratory Manual contains three lab exercises. The first two contain circuits
to be constructed on a protoboard and analyzed. The third lab is based on
Electronics Workbench Student Edition, Version 5.12, ISBN: 0-7668-0330-9.
These labs aré well correlated with the text material.

2. The Instructor’s Guide offers teaching hints for the text and lab manual
and the answers to all text and lab manual questions and problems, ISBN:
0-7668-03295.

3. The Digital Electronics’ Online Companion at www electronictech.com in-
cludes the downloadable Electronics Workbench circuit files required in this
text and lab manual, along with text updates, online quizzes, and more.
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