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Approach

Preface

This workbook is designed to teach the student how to virtually measure, op-
erate, and troubleshoot digital electronic circuits created within the MultiSIM
2001® software environment and to reinforce digital theory learned in the
classroom. The computer and the computer monitor become the electronics
workbench. Students using this manual must have MultiSIM 2001 installed
on their computers to be able to operate the provided software projects. These
software projects, along with the textbook edition of Using MultiSIM, are
stored on the CD that accompanies this text.

One advantage to the virtual laboratory approach to electronics is the low
cost of the software package in comparison to the expenses required to es-
tablish an electronics laboratory with all of the necessary test equipment and
the related facility costs. Virtual electronic circuits can be easily modified on
the monitor screen, and circuit analysis is also easily obtained as circuits are
modified. Simultaneously, this software can be used as an additional tool to
help the electronics student learn more about digital theory.

Circuit troubleshooting is an integral component of the software package.
It is relatively easy for the instructor or textbook author to install faults, such
as shorts, leakage, and opens, into the circuit for the digital electronics stu-
dent to locate. The troubleshooting exercises will provide the student with the
confidence and skills necessary to troubleshoot circuits constructed on the
electronics laboratory workbench.

One additional technique used in this book to reinforce learning is a con-
struction project at the end of many of the activities. These projects will help
the student work through the connection requirements of complex integrated
circuits.

System Requirements

Pentium 166 or greater PC

Windows 95/98/NT

32MB RAM (64MB RAM recommended)
100-250 MB hard disk space (min.)
CD-ROM drive

800 x 600 minimum screen resolution

ix
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Organization

Circuit Files

Each chapter in this workbook attempts to sequentially follow the mate-
rial found in most textbooks teaching digital theory. Activity sections,
located in each chapter, divide the overall subject of the chapter into smaller
blocks. The individual software projects are related to subtopics within the
larger topic.

Within each activity, circuit files progressively provide individual pro-
jects related to the subject material of the chapter. Many related subjects
are touched upon as progress is made through the projects. Each activity has
one or more circuit files containing component and connection faults, which
are troubleshooting problem/s. Finally, most of the activities contain a con-
struction circuit requiring the student to construct and test a circuit related to
the subject of the activity.

The CD that accompanies the text contains all of the circuit files in this book.
They are pre-built and ready to be used with MultiSIM 2001.

Circuit files follow the DOS system of nomenclature. There is a maxi-
mum of eight digits in each circuit name, but unlike previous versions of
Electronics Workbench®, the circuit file name is not followed by a DOS
extension. The first two numbers of the circuit file name represent the chap-
ter in the book and are followed by a hyphen. After the hyphen, the next
two numbers represent the activity within the chapter. The final letter, in
most cases, represents the sequence of events within an activity. The DOS
extension for MultiSIM files is .msm.

Concerning Instrumentation

Test instruments are accessed through the Instruments button on the Design
Bar above the circuit workspace. A left-click on this button will cause the
instruments toolbar to appear at the right side of the screen. You will use
the DMM, the oscilloscope, and the function generator with this workbook.
The DMM, the oscilloscope, and the function generator are common instru-
ments found on the electronics test bench. One new feature of MultiSIM 2001
is the ability to place more than one piece of the same type of test instrument,
such as two oscilloscopes, on the workspace simultaneously.

Additional Resources

Additional support for electronics instructors is provided on the publisher’s
web site at www.electronictech.com. Answers to questions and problems in
the text will be provided in a password-protected location accessible only to
instructors.
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® 1. Introduction to Digital
Concepts

Introduction

References
MultiSIM 2001
MultiSIM 2001 User’s Guide

Objectives After completing this chapter, you should be able to:

e Understand and use the Binary number system.
e Use timing diagrams of digital circuits.

e Understand and use the term BIT (binary digit).
¢ Differentiate between analog and digital.

e Calculate period and frequency of digital waveforms on an
oscilloscope.

e Interpret a digital waveform in terms of highs and lows (1s and 0s).
e Understand the basic concepts of Boolean Algebra.

Number Systems

Digital logic circuits operate in the binary mode where the inputs have two
possible states, a binary 1 represented normally by a “HIGH” voltage and a
binary 0 represented normally by a “LOW” voltage. Digital logic can be de-
veloped with the use of logic symbols and the Boolean algebra equations that
define the logic. Logic gates are redundant electronic circuits that combine
digital logic signals in specific patterns according to the dictates of the related
Boolean algebra equation.

Other number systems used in digital electronics include the Octal and
Hexadecimal systems. The octal system is a number system with a base of §,
and the hexadecimal system is a number system with a base of 16. Both of
these systems work well with the binary system with its base of 2, being
powers of that base (i.e., 8 = 2* and 16 = 2°).

Boolean Algebra

In 1854, George Boole published a work entitled An Investigation of the Laws
of Thought, on Which are Founded the Mathematical Theories of Logic and
Probabilities. In this work, Boole developed a system of logical algebra
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known in the modern scientific world as Boolean algebra. After he com-
pleted his work, George Boole’s concepts gathered dust until Claude Shannon
used Boole’s work to develop his master’s thesis at Massachusetts Institute of
Technology. His thesis was entitled “A Symbolic Analysis of Relay and
Switching Circuits.”

The reintroduction of Boole’s logic, by Shannon, into modern technical
thought and usage assumed the title of Boolean algebra. This method of logic
greatly simplified the design, development, and application of complex tele-
phone logic circuits and ultimately, the logic circuit requirements of the
newly developing field of digital computers.

All functions, no matter how complex, that may be required in digital
logic, can be created from three basic logic functions, AND, OR, and NOT.
The basic logic gates that you will study in this text can be used to solve
Boolean algebra equations. The algebraic logical variables are the inputs
to the logic gates, and the logical functions and/or formulas are the outputs
of these gates or combination of gates. The more complex gates such as
the NAND and NOR can be thought of as combinations of ANDs, ORs,
and NOTs.

Activity 1.1: The Concept of a Digital Circuit

1. In the electronics world, there are basically two types of circuits, the ana-
log circuit and the digital circuit. We are more familiar with analog
circuits because most of the natural phenomena that we deal with in the
physical world are analog in nature. They are always changing and have
an infinite number of variables between any two points of measurement.
In the realm of voltages, analog voltages can and do vary continuously at
the inputs and outputs of these types of circuits. That is their nature.

2. On the other hand, digital circuits are generally referred to as circuits that
deal only in highs and lows with discrete binary values. When discussing
digital circuits, we use the terms HIGH and LOW. We are referring
to voltages with only two distinct possibilities, a high voltage or a low
voltage.

3. Open circuits file d01-01. Turn on the circuit and watch the lamps.
Which bulb is steady state and which bulb is changing? X is steady
state, and X is changing.

4. As you can see, X1 is in a digital type of circuit (direct current and
a fixed voltage) in the HIGH condition and X2 is in an analog circuit
(alternating current and an alternating voltage).

5. Many electronic systems use a combination of analog and digital circuits.
The CD player is an example. The data that originates on the compact
disk itself is digital in nature, but that data is usually analog in origin. The
digital data is typically a binary representation of music that is analog,
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the CD is the medium for storage only, and the purpose of the CD
player is to restore the digital information to its original analog form
for the listener. The music was recorded using an analog-to-digital
converter (ADC) and the music is restored using a digital-to-analog con-
verter (DAC).

Activity 1.2: Binary Digits and Logic Levels

1. Specific HIGHs and LOWs in a binary system are referred to as bits,
an acronym coming from the term binary digits. The two digits in the
binary number system are 1 (one) and 0 (zero). In a digital circuit, a
binary 1 is usually referred to as a HIGH voltage and the 0 is usually rep-
resented as a LOW voltage. A common voltage representing a binary 1 is
+5 VDC and 0 V usually represents a binary 0. Some electronic systems,
for various reasons, use negative logic where HIGHs and LOWs have
opposite meanings and some families of integrated circuits (ICs) use
voltage levels other than 0 and +5 volts.

2. The other factor regarding binary digits is in the realm of time. Many
times HIGHs and LOWs are referred to in relationship to a period of
time. Figure 1-1 displays a typical digital waveform on the screen of an
oscilloscope. This display of a digital waveform has to be interpreted in
relationship to time. The duration of one cycle of the waveform can be
measured in time; each square on the scope face represents a calibrated
period of time. In this case, each square is equal to 1 millisecond (.001
seconds) and one complete cycle of an individual waveform takes one
square or 1 millisecond (the period of one square is referred to as the
Timebase). Using the formula: Frequency = 1/Time (or Period), you can
calculate the frequency of the digital waveform. The frequency of this

waveform is equal to Hertz (Hz).

Q scilloscope-X50

Figure 1-1 Oscilloscope Display of Digital Waveform
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If we specify that the duration of one bit of binary data (in the case of
this specific waveform) is one half of a square or 0.5 milliseconds in du-
ration, then we can also state that each square contains one HIGH and
one LOW. Also, we can state that the waveform is HIGH for 0.5 mil-
liseconds (or 500 microseconds) and LOW for 500 microseconds (500
useconds). This period of time is called bit time.

Figure 1-2 displays a digital pulse waveform with a 20% duty cycle
(HIGH 20% of the time). If the timebase is 50 pseconds, what is the du-
ration of one cycle of the waveform? One cycle of the waveform is

useconds in duration. What is the frequency of the waveform? The

frequency of the waveform is kHz or Hz (1 kHz = 1000 Hz).

The amount of time that one bit of digital data in a binary sequence
occupies is defined as bit time. If the bit time for the waveform of
Figure 1-2 is 10 pseconds and the time between bits is 90 pseconds,

then we can state that this waveform is HIGH for bit(s) and

LOW for bits.

H

H
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H
i
§

- - B I S P - - -

i
i
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e T

: ! : 4 t
1 H ¥ H ! i i
H i H i H i
1 H i t i ' i

Figure 1-2 Digital Pulse Waveform

In a binary sequence of HIGH, HIGH, LOW, LOW, LOW, HIGH, LOW,
HIGH, HIGH, and HIGH (read from left to right), we can state in binary
that the message is (in the same order) 1100010111.

7. What would be the binary message for HIGH, LOW, LOW, LOW, HIGH,

HIGH, LOW, HIGH? The binary message would be

Activity 1.3: Boolean Algebra—AND, OR, and NOT Functions

1.

Boolean algebra has become the preferred method of specifying the
logic of digital circuits. Boolean can be thought of as the shorthand of
digital circuits, and the Boolean expression as the defining factor in
circuit design. Boolean is a universal digital language understood by
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programmers, engineers, technicians, and anyone else involved in
digital circuitry.

. All logic functions, no matter how complex, that are required in digital
logic can be created from three basic logic functions, AND, OR, and
NOT. The basic logic gates to be studied in the following chapters are ex-
amples of solutions to Boolean algebra equations. The Boolean algebra
variables are the logic inputs to our logic gates and the logical function
or formula is the output of the gate or of even more complex logic cir-
cuits. The more complex gates, such as the NAND and NOR, can be
thought of as at the bottom level as various combinations of AND, OR,
and NOT gates.

. AND Logic can be referred to as ‘all-or-nothing’ logic. Using the terms
A and B as inputs and the term Y as an output, we can state, using AND
logic, that inputs 4 AND B have to be HIGH for output Y to be HIGH.
This can be stated in terms of Boolean algebra as 4 - B = Y (the - repre-
sents the AND function).

. Open circuits file d01-03a. In this circuit, switches A, B, and C are
connected in an AND (series) configuration. Closing each switch with
the related computer keyboard key represents a HIGH condition. What is
the AND formula that will turn on the lamp? The AND formula that will

turn on the lamp is

. OR Logic can be referred to as ‘any-or-all’ logic. Again, using the terms
A and B as inputs and the term Y as an output, we can state, using OR
logic, that if input 4 OR B is HIGH (or both 4 and B), then output Y will
be HIGH. This can be stated in terms of Boolean algebraas 4 + B=Y
(the + represents the OR function).

. Open circuits file d01-03b. In this circuit, switches A, B, and C are
connected in a parallel OR configuration. Closing one of the switches
represents a HIGH condition for that switch. What is the OR formula for
this circuit that will turn on the lamp? The OR formula that will turn the

lamp ON is

. NOT Logic can be referred to as ‘inverted, negated, or complement’
logic. The NOT function changes one logic level to the opposite logic
level. The NOT function in a Boolean algebra formula is represented by
an overbar over the individual input, such as 4, or over a whole function,
such as 4 + B + C =Y. In this second example, you would read the for-
mula as the “quantity 4 OR B OR C all NOTTED is equal to Y.
Sometimes the apostrophe symbol is used to represent the NOT function
such as 4’ for NOT 4 or A4 prime. The overbar will be used in the text and
the apostrophe will be used with MultiSIM circuit diagrams.

. Open circuits file d01-03¢. In this circuit, if switch A’ is open, then
lamp Y is ON, representing a HIGH. If switch A’ is closed, then lamp Y
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is OFF, representing a LOW. What is the Boolean equation for this

circuit? The Boolean equation for this circuit is

Activity 1.4: Troubleshooting Problems

1. Troubleshooting problems will be found in this text after every activity.

There will be two basic types of troubleshooting problems.

e One type of problem will be a connection problem where the circuit
will be connected incorrectly. Many times there will be a statement re-
garding how to connect a certain type of integrated circuit and that
clue will be the key to finding the connection problem.

e The other type will be a component fault introduced by the instructor.
This type of problem will consist of opens and shorts. If, for example,
all of the inputs to a circuit are correct, then the problem might be an
open output. Many times there will be shorted inputs or outputs.
Switches and power sources can be open or shorted.

. Open circuits file d01-04a. This circuit has a connection problem. Ac-

tuate the circuit and the switches. Did the lamp turn on, Yes or

No ? It should not have turned on because of the connection
problem. The wire from the bottom of the lamp is connected to junction
B rather than junction A. Move the wire from junction B to junction A.
Activate the circuit and close the switches. Did the lamp turn on,

Yes or No ?

. Open circuits file d01-04b. This circuit has a component problem. Ac-

tuate the circuit and the switch. Did the lamp turn on, Yes or

No ? It should not have turned on because of the circuit problem.
Use the Digital Multimeter (DMM) to troubleshoot the circuit. Measure
the voltage output of the power source. What was the value of the output

voltage? The output voltage was V. Obviously, the problem is the
lack of voltage from the power source. Replace V 1 with V 2. Does the

circuit work now, Yes or No ?

. Open circuits file d01-04c¢. This circuit has a component problem. Ac-

or

tuate the circuit and the switch. Did the lamp turn on, Yes

No ? 1t should not have turned on because of the circuit problem.
Use the Digital Multimeter to troubleshoot the circuit. Measure the

¢



