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Cross-Reference to Floyd’s Digital
Fundamentals, Tenth Edition

Floyd, Digital Fundamentals
Chapter 1: Introductory Concepts

Chapter 2: Number Systems, Operations, and Codes
Chapter 3: Logic Gates

Chapter 4: Boolean Algebra and Logic Simplification
Chapter 5: Combinational Logic Analysis

Chapter 6: Functions of Combinational Logic

Chapter 7: Latches, Flip-Flops, and Timers

Chapter 8: Counters

Chapter 9: Shift Registers

Chapter 10: Memory and Storage
Chapter 11: Programmable Logic and Software
Chapter 12: Signal Interfacing and Processing

Chapter 13: Computer Concepts

Buchla, Experiment Number and Title

1 Laboratory Instrument Familiarization
2 Constructing a Logic Probe

3 Number Systems

4 Logic Gates
5 More Logic Gates
6 Interpreting Manufacturer’s Data Sheets

7 Boolean Laws and DeMorgan’s Theorems
8 Logic Circuit Simplification
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13 Combinational Logic Using DeMultiplexers

14 The D Latch and D Flip-Flop
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16 The J-K Flip-Flop

17 One-Shots and Astable Multivibrators

18 Asynchronous Counters

19 Analysis of Synchronous Counters with Decoding
20 Design of Synchronous Counters

21 The Traffic Signal Controller

22 Shift Register Counters
23 Application of Shift Register Circuits
24 The Baseball Scoreboard

25 Semiconductor Memories
26 Introduction to Quartus II Software
27 D/A and A/D Conversion

28 Introduction to the Intel Processors
29 Application of Bus Systems






Preface

Experiments in Digital Fundamentals, Tenth Edition,
is designed to provide laboratory exercises that
closely track topics in Digital Fundamentals, Tenth
Edition, by Thomas L. Floyd. New to this edition is
Experiment 26, which is a software tutorial for
Quartus® II used for programming PLDs. The re-
quired software is a free download. Other changes
include a revised sequence of experiments starting
at Experiment 26 to match changes in the text and
new Multisim files available for download that
support several experiments.

Experiments

There are 29 experiments that principally use TTL
integrated circuits (ICs) for the main part of the ex-
periment. Most of the experiments have a standard
format that includes the Text Reference, Objectives,
Summary of Theory, Procedure, and an optional For
Further Investigation section, which can be as-
signed depending on the class schedule and time. A
removable Report section, designed to simplify
recording data, concludes most experiments. The
Report section has needed headings, tables, and
figures. The report includes Evaluation and Review
Questions at the end.

Four experiments are set up for a more formal
report to be prepared by the student. These experi-
ments are marked with a pencil icon. A format for a
formal laboratory report is given in the Introduction to
the Student, along with suggestions for report writing.

New Experiment 26 (Introduction to Quartus 11
Software) is a tutorial exercise and requires a PC

loaded with Quartus II software, which is available as
a free download from Altera. The experiment illus-
trates step-by-step how to input a schematic and
make it ready for download to a PLD. The circuit in
this experiment is identical to the one in the Molasses
Tank experiment (Exp.10), in which the concept of
feedback is introduced in an otherwise combinational
circuit. The final waveform is left for the student to
draw from the simulator that is in Quartus II.

Experiment 28 (Introduction to the Intel
Processors) is another tutorial exercise but with
input required from students. It uses Debug, which
is part of the DOS in all PCs, to assemble a basic as-
sembly language program, similar to the ones in the
text. The experiment provides insight into the archi-
tecture of microprocessors and can be a useful
“bridge” to a microprocessor course.

Computer Simulations

Multisim is a computer simulation software that can
be used to check logic and develop troubleshooting
skills. Multisim circuit files are available for seven
experiments (5, 8, 10, 12, 18, 19, and 23) and include
separate troubleshooting files for each of these exper-
iments. (Experiment 10 also has a simulation using
Quartus II, which is described in Experiment 26.)
Two versions of Multisim—Multisim 9 and
Multisim 10—are contained on the companion
website for the Digital Fundamentals textbook at
www.prenhall.com/floyd. The Multisim files include
the letters “nf” in the file name for files with no fault
and “f1” and “f2” for files with a fault. Faults are
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password protected. A computer icon identifies ex-
periments with Multisim files.

Materials and Project Boards

A list of materials for constructing all experiments
is contained in Appendix B, with an index to the
manufacturers’ data sheets. Each experiment also
has a list of required materials. For all TTL ICs the
original TTL series, or the more popular 74LSXX
series (used in the text), can be used, depending on
availability and cost. (The 7476 is triggered differ-
ently than the 74L.S76, but either will work in the
J-K experiment.) All of the traditional experiments
are designed to fit onto one 47-row protoboard
available from Radio Shack and other suppliers.
Each lab station requires a TTL-compatible, variable-
frequency pulse generator, a +5 V power supply, a
multimeter, and a dual-channel oscilloscope. Experi-
ment 27 also requires a —12 V power supply.

Other Features

* PowerPoint® slides have been prepared for most
experiments as a supplement for instructors. The
slides can be used as a review of the experiments
and include Troubleshooting and Related Ques-
tions. They are available free of charge to instructors
who adopt Experiments in Digital Fundamentals,
Tenth Edition, for a course. To access these Power-
Points, instructors need to request an instructor
access code. Go to www.pearsonhighered.com/irc,
where you can register for an instructor access code.
Within 48 hours after registering, you will receive a
confirming e-mail, including an instructor access
code. Once you have received your code, go to the
site and log on for full instructions on downloading
the materials you wish to use.

* Troubleshooting coverage. Troubleshooting prob-
lems are included in nearly all of the experiments,
including simulated fault analysis and “what if”
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questions. Questions and space for answers are in-
cluded in the Report section. Troubleshooting is
also part of the Multsim exercises; several new
ones are available with this edition.

* A guide to oscilloscopes. Coverage of analog and
digital storage oscilloscopes (DSOs) is included.
To simplify teaching the new features found on
digital scopes, a generic digital scope is described
(with a block diagram) followed by an example of
a digital scope.

* Partial data sheets with IC pin outs are available in
Appendix A for the integrated circuits. Complete
data sheets are available on manufacturers’ web-
sites and in data books.

* Appendix C is a new tutorial for the National In-
struments ELVIS system and Multisim.

The experiments themselves closely track the
level and materials in Floyd’s Digital Fundamen-
tals, Tenth Edition. The text includes descriptions of
traditional logic along with schematic capture. The
labs themselves have a basic emphasis on small
projects, which make electronics so exciting and in-
teresting. For projects to work in a limited lab
period, they must be relatively small but illustrate an
important concept. Examples of these projects include
a logic probe, a change machine, burglar alarm, traffic
light simulation, and a digital light meter.

I have enjoyed working with Tom Floyd and
appreciate his suggestions for this manual. I would
also like to thank Mark Walters at National Instru-
ments for support on Appendix C. As always, itis a
pleasure to work with the staff at Prentice Hall. I
would like to thank editor Wyatt Morris and project
manager Rex Davidson. I also appreciate the very
thorough job of editing from Lois Porter. Finally, I
want to express my appreciation to my wife Lorraine
for her support. Without her, this lab manual would
still be 1s and Os.

David Buchla



Introduction to the Student

Circuit Wiring

An important skill needed by electronics techni-
cians is that of transforming circuit drawings into
working prototypes. The circuits in this manual can
be constructed on solderless protoboards (“bread-
boards”) available at Radio Shack and other sup-
pliers of electronic equipment. These boards use
#22- or #24-gauge solid core wire, which should
have 3/8 inch of the insulation stripped from the
ends. Protoboard wiring is not difficult, but it is
easy to make a wiring error that is time-consuming
to correct. Wires should be kept neat and close to
the board. Avoid wiring across the top of in-
tegrated circuits (ICs) or using wires much longer
than necessary. A circuit that looks like a plate of
spaghetti is difficult to follow and worse to trou-
bleshoot.

One useful technique to help avoid errors, es-
pecially with larger circuits, is to make a wire list.
After assigning pin numbers to the ICs, tabulate
each wire in the circuit, showing where it is to be
connected and leaving a place to check off when it
has been installed. Another method is to cross out
each wire on the schematic as it is added to the
circuit. Remember the power supply and ground
connections, because they frequently are left off
logic drawings. Finally, it is useful to “daisy-chain,”
in the same color, signal wires that are connected to
the same electrical point. Daisy-chaining is illus-
trated in Figure I-1.

Troubleshooting

When the wiring is completed, test the circuit. If it
does not work, turn off the power and recheck the
wiring. Wiring, rather than a faulty component, is
the more likely cause of an error. Check that the
proper power and ground are connected to each IC.
If the problem is electrical noise, decoupling capac-
itors between the power supply and ground may
help. Good troubleshooting requires the technician
to understand clearly the purpose of the circuit and
its normal operation. It can begin at the input and
proceed toward the output; or it can begin at the
output and proceed toward the input; or it can be
done by half-splitting the circuit. Whatever proce-
dure you choose, there is no substitute for under-
standing how the circuit is supposed to behave and
applying your knowledge to the observed conditions
in a systematic way.

The Laboratory Notebook
Purpose of a Laboratory Notebook

The laboratory notebook forms a chronologic
record of laboratory work in such a manner that it
can be reconstructed if necessary. The notebook is a
bound and numbered daily record of laboratory
work. Data are recorded as they are observed. Each
page is dated as it is done and the signature of the
person doing the work is added to make the work
official; laboratory notebooks may be the basis of



FIGURE I-1 A

(a) Circuit

patent applications or have other legal purposes. No
pages are left blank and no pages may be removed.

General Information

The format of laboratory notebooks may vary;
howeyver, certain requirements are basic to all labora-
tory notebooks. The name of the experimenter, date,
and purpose of the experiment are entered at the top
of each page. All test equipment should be identified
by function, manufacturer, and serial number to fa-
cilitate reconstruction of the experiment. Test equip-
ment may be identified on a block diagram or circuit
drawing rather than an equipment list. References to
any books, articles, or other sources that were used
in preparing for the experiment are noted. A brief de-
scription of the procedure is necessary. The proce-
dure is not a restatement of the instructions in the ex-
periment book but rather is a concise statement about
what was done in the experiment.

Recording of Data

Data taken in an experiment should be directly
recorded in tabular form in the notebook. Raw (not
processed) data should be recorded. They should
not be transcribed from scratch paper. When calcu-
lations have been applied to data, a sample calcula-
tion should be included to indicate clearly what
process has been applied to the raw data. If an error
is made, a single line should be drawn through the
error with a short explanation.

Graphs

A graph is a visual tool that can quickly convey to
the reader the relationship between variables. The
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eye can discern trends in magnitude or slope more
easily from graphs than from tabular data. Graphs
are constructed with the dependent variable plotted
along the horizontal axis (called the abscissa) and
the independent variable plotted along the vertical
axis (called the ordinate). A smooth curve can be
drawn showing the trend of the data. It is not neces-
sary to connect the data points (except in calibration
curves). For data in which one of the variables is
related to the other by a power, logarithmic (log)
scales in one or both axes may show the relationship
of data. Log scales can show data over a large range
of values that will not fit on ordinary graph paper.

When you have determined the type of scale that
best shows the data, select numbers for the scale
that are easily read. Do not use the data for the
scale; rather, choose numbers that allow the largest
data point to fit on the graph. Scales should generally
start from zero unless limitations in the data preclude
it. Data points on the graph should be shown with a
dot in the center of a symbol such as a circle or
triangle. The graph should be labeled in a self-ex-
planatory manner. A figure number should be used
as a reference in the written explanation.

Schematics and Block Diagrams

Schematics, block diagrams, waveform drawings,
and other illustrations are important tools to depict
the facts of an experiment. Experiments with cir-
cuits need at least a schematic drawing showing the
setup and may benefit from other illustrations de-
pending on your purpose. Usually, simple drawings
are best; however, sufficient detail must be shown to
enable the reader to reconstruct the circuit if neces-
sary. Adequate information should be contained



with an illustration to make its purpose clear to the
reader.

Results and Conclusion

The section that discusses the results and conclusion
is the most important part of your laboratory note-
book; it contains the key findings of your experi-
ment. Each experiment should contain a conclusion,
which is a specific statement about the important
results you obtained. Be careful about sweeping
generalizations that are not warranted by the experi-
ment. Before writing a conclusion, it is useful to
review the purpose of the experiment. A good con-
clusion “answers” the purpose of the experiment.
For example, if the purpose of the experiment was
to determine the frequency response of a filter, the
conclusion should describe the frequency response
or contain a reference to an illustration of the re-
sponse. In addition, the conclusion should contain
an explanation of difficulties, unusual results, revi-
sions, or any suggestions you may have for improv-
ing the circuit.

Suggested Format

From the foregoing discussion, the following format
is suggested. This format may be modified as cir-
cumstances dictate.

1. Title and date.

2. Purpose: Give a statement of what you intend to
determine as a result of the investigation.

3. Equipment and materials: Include equipment
model and serial numbers, which can allow re-
tracing if a defective or uncalibrated piece of
equipment was used.

4. Procedure: Include a description of what you
did and what measurements you made. A refer-
ence to the schematic drawing should be in-
cluded.

5. Data: Tabulate raw (unprocessed) data; data
may be presented in graph form.

6. Sample calculations: If you have a number of
calculations, give a sample calculation that
shows the formulas you applied to the raw data
to transform it to processed data. This section
may be omitted if calculations are clear from the
procedure or are discussed in the results.

7. Results and conclusion: This section is the place
to discuss your results, including experimental
errors. This section should contain key informa-
tion about the results and your interpretation of
the significance of these results.

Each page of the laboratory notebook should
be signed and dated, as previously discussed.

The Technical Report
Effective Writing

The purpose of technical reports is to communicate
technical information in a way that is easy for the
reader to understand. Effective writing requires that
you know your reader’s background. You must be
able to put yourself in the reader’s place and antici-
pate what information you must convey to have the
reader understand what you are trying to say. When
you are writing experimental results for a person
working in your field, such as an engineer, your
writing style may contain words or ideas that are un-
familiar to a layperson. If your report is intended for
persons outside your field, you will need to provide
background information.

Words and Sentences

You will need to either choose words that have clear
meaning to a general audience or define every term
that does not have a well-established meaning. Keep
sentences short and to the point. Short sentences are
easiest for the reader to comprehend. Avoid string-
ing together a series of adjectives or modifiers. For
example, the figure caption below contains a jibber-
ish string of modifiers:

Operational amplifier constant current
source schematic

By changing the order and adding natural con-
nectors such as of, using, and an, the meaning can
be clarified:

Schematic of a constant current source using
an operational amplifier

Paragraphs

Paragraphs must contain a unit of thought. Exces-
sively long paragraphs suffer from the same weak-
ness that afflicts overly long sentences. The reader
is asked to digest too much material at once, causing
comprehension to diminish. Paragraphs should or-
ganize your thoughts in a logical format. Look for
natural breaks in your ideas. Each paragraph should
have one central idea and contribute to the develop-
ment of the entire report.

Good organization is the key to a well-written
report. Outlining in advance will help organize your
ideas. The use of headings and subheadings for
paragraphs or sections can help steer the reader
through the report. Subheadings also prepare the
reader for what is ahead and make the report easier
to understand.
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Figures and Tables

Figures and tables are effective ways to present in-
formation. Figures should be kept simple and to the
point. Often a graph can make clear the relationship
between data. Comparisons of different data drawn
on the same graph make the results more obvious to
the reader. Figures should be labeled with a figure
number and a brief title. Don’t forget to label both
axes of graphs.

Data tables are useful for presenting data.
Usually, data that are presented in a graph or figure
should not also be included in a data table. Data
tables should be labeled with a table number and
short title. The data table should contain enough in-
formation to make its meaning clear: The reader
should not have to refer to the text. If the purpose of
the table is to compare information, then form the
data in columns rather than rows. Column informa-
tion is easier for people to compare. Table footnotes
are a useful method of clarifying some point about
the data. Footnotes should appear at the bottom of
the table with a key to where the footnote applies.

Data should appear throughout your report in
consistent units of measurement. Most sciences use
the metric system; however, the English system is
still sometimes used. The metric system uses
derived units, which are cgs (centimeter-gram-
second) or mks (meter-kilogram-second). It is best
to use consistent metric units throughout your report
or to include a conversion chart.

Reporting numbers using powers of 10 can be
a sticky point with reference to tables. Table I-1
shows four methods of abbreviating numbers in
tabular form. The first column is unambiguous as
the number is presented in conventional form. This
requires more space than if we present the informa-
tion in scientific notation. In column 2, the same data
are shown with a metric prefix used for the unit. In
column 3, the power of 10 is shown. Each of the first
three columns shows the measurernent unit and is not
subject to misinterpretation. Column 4, on the other
hand, is wrong. In this case the author is trying to
tell us what operation was performed on the numbers

to obtain the values in the column. This is incorrect
because the column heading should contain the unit
of measurement for the numbers in the column.

Suggested Format

1. Title: A good title must convey the substance of
your report by using key words that provide the
reader with enough information to decide
whether the report should be investigated further.

2. Contents: Key headings throughout the report
are listed with page numbers.

3. Abstract: The abstract is a brief summary of the
work, with principal facts and results stated in
concentrated form. It is a key factor for a reader
to determine if he or she should read further.

4. Introduction: The introduction orients your
reader to your report. It should briefly state what
you did and give the reader a sense of the purpose
of the report. It may tell the reader what to expect
and briefly describe the report’s organization.

5. Body of the report: The report can be made
clearer to the reader if you use headings and sub-
headings in your report. The headings and sub-
headings can be generated from the outline of
your report. Figures and tables should be labeled
and referenced from the body of the report.

6. Conclusion: The conclusion summarizes impor-
tant points or results. It may refer to figures or
tables previously discussed in the body of the
report to add emphasis to significant points. In
some cases, the primary reasons for the report
are contained within the body and a conclusion is
deemed to be unnecessary.

7. References: References are cited to enable the
reader to find information used in developing
your report or work that supports your report.
The reference should include all authors’ names
in the order shown in the original document. Use
quotation marks around portions of a complete
document such as a journal article or a chapter of
a book. Books, journals, or other complete docu-
ments should be underlined. Finally, list the pub-
lisher, city, date, and page numbers.

TABLE I-1
Reporting numbers in tabular data. Commn 1 CO],“mn 2 COl_umn 3 Column 4
Resistance Resistance Resistance Resistance
(9)) kQ) (X10° Q) Q@x107%)
470,000 ¢ 470 , 470 \470 /
8,200 [ 82 / 8.2 \#2\
1,200,000 | 1,200 [ 1200 1200\ |
330 033 |/ 0.33 /033
L Correct — Wrong —

xii



Oscilloscope Guide
Analog and Digital Storage Oscilloscopes

The oscilloscope is the most widely used general-
purpose measuring instrument because it presents a
graph of the voltage as a function of time in a
circuit. Many circuits have specific timing require-
ments or phase relationships that can be readily
measured with a two-channel oscilloscope. The
voltage to be measured is converted into a visible
display that is presented on a screen.

There are two basic types of oscilloscope:
analog and digital. In general, they each have spe-
cific characteristics. Analog scopes are the classic
“real-time” instruments that show the waveform on
a cathode-ray tube (CRT). Digital oscilloscopes are
rapidly replacing analog scopes because of their
ability to store waveforms and because of measure-
ment automation and many other features such as
connections for computers and printers. The storage
function is so important that it is usually incorpo-
rated in the name, for example, a Digital Storage
Oscilloscope (DSO). Some higher-end DSOs can
emulate an analog scope in a manner that blurs the
distinction between the two types. Tektronix, for
example, has a line of scopes called DPOs (Digital
Phosphor Oscilloscopes) that can characterize a
waveform with intensity gradients like an analog
scope and gives the benefits of a digital oscilloscope
for measurement automation.

Both types of scopes have similar functions
and the basic controls are essentially the same for
both types (although certain enhanced features are
not). In the descriptions that follow, the analog
scope is introduced first to familiarize you with

basic controls, then a basic digital storage oscillo-
scope is described.

Analog Oscilloscopes
Block Diagram

The analog oscilloscope contains four functional
blocks, as illustrated in Figure I-2. Shown within
these blocks are the most important typical controls
found on nearly all oscilloscopes. Each of two input
channels is connected to the vertical section, which
can be set to attenuate or amplify the input signals to
provide the proper voltage level to the vertical de-
flection plates of the CRT. In a dual-trace oscillo-
scope (the most common type), an electronic switch
rapidly switches between channels to send one or
the other to the display section. The trigger section
samples the input waveform and sends a synchro-
nizing trigger signal at the proper time to the hori-
zontal section. The trigger occurs at the same rela-
tive time, thus superimposing each succeeding trace
on the previous trace. This action causes the signal
to appear to stop, allowing you to examine the
signal. The horizontal section contains the time-
base (or sweep) generator, which produces a linear
ramp, or “sweep,” waveform that controls the rate
the beam moves across the screen. The horizontal
position of the beam is proportional to the time that
elapsed from the start of the sweep, allowing the
horizontal axis to be calibrated in units of time. The
output of the horizontal section is applied to the
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Vertical section

Display section

. Focus
Coupling Volts/div Position Chop/Alt Beam finder
Ch-l ac Mode Intensity
input de gnd Probe comp
Trace rotation
Attenuator Delay line
Preamp Amp
Coupling Volts/div Position .;Kc chr]ticz[‘_l
Ch-2 eflection
input 32 Mode Electronic
gnd switch
o—— o 1
Attenuator Delay line Horizontal
Preamp Amp deflection
Trigger section Horizontal section /‘
Ext. trigger Level Sec/div
Ext. Coupling Slope Auto Position
trigger ac Ch-1 (L Ch-2 Mode Normal Magnifier
input de . v I\
“ Ext, "%\ Source Trigger Gate | | Sweep
AC line circuits generator generator °
Coupling Horizontal
Holdoff amp
BW limit
AC Ext. horiz.
Power supply DC to all sections ¢ Input
FIGURE I-2

Block diagram of a basic analog oscilloscope.

horizontal deflection plates of the CRT. Finally, the
display section contains the CRT and beam controls.
It enables the user to obtain a sharp presentation
with the proper intensity. The display section
usually contains other features such as a probe com-
pensation jack and a beam finder.

Controls

Generally, controls for each section of the oscillo-
scope are grouped together according to function.
Frequently, there are color clues to help you identify
groups of controls. Details of these controls are ex-
plained in the operator’s manual for the oscillo-
scope; however, a brief description of frequently
used controls is given in the following paragraphs.
The important controls are shown on the block
diagram of Figure I-2.

Display Controls The display section contains
controls for adjusting the electron beam, including
FOCUS and INTENSITY controls. FOCUS and IN-
TENSITY are adjusted for a comfortable viewing

Xiv

level with a sharp focus. The display section may
also contain the BEAM FINDER, a control used in
combination with the horizontal and vertical POSI-
TION controls to bring the trace on the screen.
Another control over the beam intensity is the z-
axis input. A control voltage on the z-axis input can
be used to turn the beam on or off or adjust its
brightness. Some oscilloscopes also include the
TRACE ROTATION control in the display section.
TRACE ROTATION is used to align the sweep
with a horizontal graticule line. This control is
usually adjusted with a screwdriver to avoid acci-
dental adjustment. Usually a PROBE COMP con-
nection point is included in the display group of
controls. Its purpose is to allow a quick qualitative
check on the frequency response of the probe-scope
system.

Vertical Controls The vertical controls include
the VOLTS/DIV (vertical sensitivity) control and its
vernier, the input COUPLING switch, and the verti-
cal POSITION control. There is a duplicate set of
these controls for each channel and various switches



for selecting channels or other vertical operating
modes. The vertical input is connected through a se-
lectable attenuator to a high input impedance dc am-
plifier. The VOLTS/DIV control on each channel
selects a combination of attenuation/gain to deter-
mine the vertical sensitivity. For example, a low-
level signal will need more gain and less attenuation
than a higher level signal. The vertical sensitivity
is adjusted in fixed VOLTS/DIV increments to
allow the user to make calibrated voltage measure-
ments. In addition, a concentric vernier control is
usually provided to allow a continuous range of
sensitivity. This knob must be in the detent (cali-
brated) position to make voltage measurements.
The detent position can be felt by the user as the
knob is turned because the knob tends to “lock™ in
the detent position. Some oscilloscopes have a
warning light or message when the vernier is not in
its detent position.

The input coupling switch is a multiple-
position switch that can be set for AC, GND, or DC
and sometimes includes a 50  position. The GND
position of the switch internally disconnects the
signal from the scope and grounds the input ampli-
fier. This position is useful if you want to set a
ground reference level on the screen for measur-
ing the dc component of a waveform. The AC and
DC positions are high-impedance inputs—typically
1 MQ shunted by 15 pF of capacitance. High-
impedance inputs are useful for general probing at
frequencies below about 1 MHz. At higher frequen-
cies, the shunt capacitance can load the signal
source excessively, causing measurement error.
Attenuating divider probes are good for high-
frequency probing because they have very high
impedance (typically 10 MQ) with very low shunt
capacitance (as low as 2.5 pF).

The AC position of the coupling switch inserts
a series capacitor before the input attenuator,
causing dc components of the signal to be blocked.
This position is useful if you want to measure a
small ac signal riding on top of a large dc signal-
power supply ripple, for example. The DC position
is used when you want to view both the AC and DC
components of a signal. This position is best when
viewing digital signals, because the input RC circuit
forms a differentiating network. The AC position
can distort the digital waveform because of this dif-
ferentiating circuit. The 50 € position places an ac-
curate 50 €2 load to ground. This position provides
the proper termination for probing in 50 £ systems
and reduces the effect of a variable load, which can
occur in high-impedance termination. The effect of
source loading must be taken into account when
using a 50 Q input. It is important not to overload

the 50 Q input, because the resistor is normally
rated for only 2 W—implying a maximum of 10 V
of signal can be applied to the input.

The vertical POSITION control varies the dc
voltage on the vertical deflection plates, allowing
you to position the trace anywhere on the screen.
Each channel has its own vertical POSITION
control, enabling you to separate the two channels
on the screen. You can use vertical POSITION when
the coupling switch is in the GND position to set an
arbitrary level on the screen as ground reference.

There are two types of dual-channel oscillo-
scope: dual beam and dual trace. A dual-beam oscil-
loscope has two independent beams in the CRT and
independent vertical deflection systems, allowing
both signals to be viewed at the same time. A dual-
trace oscilloscope has only one beam and one de-
flection system; it uses electronic switching to show
the two signals. Dual-beam oscilloscopes are gener-
ally restricted to high-performance research instru-
ments and are much more expensive than dual-trace
oscilloscopes. The block diagram in Figure 1-2 is
for a typical dual-trace oscilloscope.

A dual-trace oscilloscope has user controls
labeled CHOP or ALTERNATE to switch the beam
between the channels so that the signals appear to
occur simultaneously. The CHOP mode rapidly
switches the beam between the two channels at a
fixed high speed rate, so the two channels appear to
be displayed at the same time. The ALTERNATE
mode first completes the sweep for one of the chan-
nels and then displays the other channel on the next
(or alternate) sweep. When viewing slow signals,
the CHOP mode is best because it reduces the
flicker that would otherwise be observed. High-
speed signals can usually be observed best in
ALTERNATE mode to avoid seeing the chop fre-
quency.

Another feature on most dual-trace oscillo-
scopes is the ability to show the algebraic sum and
difference of the two channels. For most measure-
ments, you should have the vertical sensitivity
(VOLTS/DIV) on the same setting for both chan-
nels. You can use the algebraic sum if you want to
compare the balance on push-pull amplifiers, for
example. Each amplifier should have identical out-
of-phase signals. When the signals are added, the re-
sulting display should be a straight line, indicating
balance. You can use the algebraic difference when
you want to measure the waveform across an un-
grounded component. The probes are connected
across the ungrounded component with probe
ground connected to circuit ground. Again, the ver-
tical sensitivity (VOLTS/DIV) setting should be the
same for each channel. The display will show the
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algebraic difference in the two signals. The alge-
braic difference mode also allows you to cancel any
unwanted signal that is equal in amplitude and
phase and is common to both channels.

Dual-trace oscilloscopes also have an X-Y
mode, which causes one of the channels to be
graphed on the X-axis and the other channel to be
graphed on the Y-axis. This is necessary if you want
to change the oscilloscope baseline to represent a
quantity other than time. Applications include
viewing a transfer characteristic (output voltage as a
function of input voltage), swept frequency meas-
urements, or showing Lissajous figures for phase
measurements. Lissajous figures are patterns
formed when sinusoidal waves drive both channels.

Horizontal Controls The horizontal controls
include the SEC/DIV control and its vernier, the
horizontal magnifier, and the horizontal POSITION
control. In addition, the horizontal section may
include delayed sweep controls. The SEC/DIV
control sets the sweep speed, which controls how
fast the electron beam is moved across the screen.
The control has a number of calibrated positions
divided into steps of 1-2-5 multiples, which allow
you to set the exact time interval at which you view
the input signal. For example, if the graticule has 10
horizontal divisions and the SEC/DIV control is set
to 1.0 ms/div, then the screen will show a total time
of 10 ms. The SEC/DIV control usually has a con-
centric vernier control that allows you to adjust the
sweep speed continuously between the calibrated
steps. This control must be in the detent position in
order to make calibrated time measurements. Many
scopes are also equipped with a horizontal magni-
fier that affects the time base. The magnifier in-
creases the sweep time by the magnification factor,
giving you increased resolution of signal details.
Any portion of the original sweep can be viewed
using the horizontal POSITION control in conjunc-
tion with the magnifier. This control actually speeds
the sweep time by the magnification factor and
therefore affects the calibration of the time base set
on the SEC/DIV control. For example, if you are
using a 10x magnifier, the SEC/DIV dial setting
must be divided by 10.

Trigger Controls The trigger section is the source
of most difficulties when learning to operate an os-
cilloscope. These controls determine the proper
time for the sweep to begin in order to produce a
stable display. The trigger controls include the
MODE switch, SOURCE switch, trigger LEVEL,
SLOPE, COUPLING, and variable HOLDOFF con-
trols. In addition, the trigger section includes a con-
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nector for applying an EXTERNAL trigger to start
the sweep. Trigger controls may also include HIGH
or LOW FREQUENCY REJECT switches and
BANDWIDTH LIMITING.

The MODE switch is a multiple-position
switch that selects either AUTO or NORMAL
(sometimes called TRIGGERED) and may have
other positions, such as TV or SINGLE sweep. In
the AUTO position, the trigger generator selects an
internal oscillator that will trigger the sweep gener-
ator as long as no other trigger is available. This
mode ensures that a sweep will occur even in the
absence of a signal, because the trigger circuits will
“free run” in this mode. This allows you to obtain a
baseline for adjusting ground reference level or for
adjusting the display controls. In the NORMAL or
TRIGGERED mode, a trigger is generated from
one of three sources selected by the SOURCE
switch: the INTERNAL signal, an EXTERNAL
trigger source, or the AC LINE. If you are using the
internal signal to obtain a trigger, the normal mode
will provide a trigger only if a signal is present and
other trigger conditions (level, slope) are met. This
mode is more versatile than AUTO as it can provide
stable triggering for very low to very high fre-
quency signals. The TV position is used for syn-
chronizing either television fields or lines and
SINGLE is used primarily for photographing the
display.

The trigger LEVEL and SLOPE controls are
used to select a specific point on either the rising or
falling edge of the input signal for generating a
trigger. The trigger SLOPE control determines which
edge will generate a trigger, whereas the LEVEL
control allows the user to determine the voltage level
on the input signal that will start the sweep circuits.

The SOURCE switch selects the trigger
source—either from the CH-1 signal, the CH-2
signal, an EXTERNAL trigger source, or the AC
LINE. In the CH-1 position, a sample of the signal
from channel-1 is used to start the sweep. In the EX-
TERNAL position, a time-related external signal is
used for triggering. The external trigger can be
coupled with either AC or DC COUPLING. The
trigger signal can be coupled with AC COUPLING
if the trigger signal is riding on a dc voltage. DC
COUPLING is used if the triggers occur at a fre-
quency of less than about 20 Hz. The AC LINE po-
sition causes the trigger to be derived from the ac
power source. This synchronizes the sweep with
signals that are related to the power line frequency.

The variable HOLDOFF control allows you to
exclude otherwise valid triggers until the holdoff
time has elapsed. For some signals, particularly



complex waveforms or digital pulse trains, obtain-
ing a stable trigger can be a problem. This can occur
when one or more valid trigger points occurs before
the signal repetition time. If every event that the
trigger circuits qualified as a trigger were allowed to
start a sweep, the display could appear to be unsyn-
chronized. By adjusting the variable HOLDOFF
control, the trigger point can be made to coincide
with the signal-repetition point.

Oscilloscope Probes

Signals should always be coupled into an oscillo-
scope through a probe. A probe is used to pick off a
signal and couple it to the input with a minimum
loading effect on the circuit under test. Various
types of probes are provided by manufacturers, but
the most common type is a 10:1 attenuating probe
that is shipped with most general-purpose oscillo-
scopes. These probes have a short ground lead that
should be connected to a nearby circuit ground
point to avoid oscillation and power line interfer-
ence. The ground lead makes a mechanical connec-
tion to the test circuit and passes the signal through
a flexible, shielded cable to the oscilloscope. The
shielding helps protect the signal from external
noise pickup.

Begin any session with the oscilloscope by
checking the probe compensation on each channel.
Adjust the probe for a flat-topped square wave
while observing the scope’s calibrator output. This
is a good signal to check the focus and intensity and
verify trace alignment. Check the front-panel con-
trols for the type of measurement you are going to
make. Normally, the variable controls (VOLTS/DIV
and SEC/DIV) should be in the calibrated (detent)
position. The vertical coupling switch is usually
placed in the DC position unless the waveform you
are interested in has a large dc offset. Trigger
holdoff should be in the minimum position unless it
is necessary to delay the trigger to obtain a stable
sweep.

Digital Storage Oscilloscopes
Block Diagram

The digital storage oscilloscope (DSO) uses a fast
analog-to-digital converter (ADC) on each channel
(typically two or four channels) to convert the input
voltage into numbers that can be stored in a
memory. The digitizer samples the input at a
uniform rate called the sample rate; the optimum
sample rate depends on the speed of the signal. The

process of digitizing the waveform has many advan-
tages for accuracy, triggering, viewing hard to see
events, and for waveform analysis. Although the
method of acquiring and displaying the waveform is
quite different than analog scopes, the basic controls
on the instrument are similar.

A block diagram of the basic DSO is shown in
Figure I-3. As you can see, functionally, the block
diagram is like that of the analog scope. As in the
analog oscilloscope, the vertical and horizontal con-
trols include position and sensitivity that are used to
set up the display for the proper scaling.

Specifications Important parameters with DSOs
include the resolution, maximum digitizing rate,
and the size of the acquisition memory as well as the
available analysis options. The resolution is deter-
mined by the number of bits digitized by the ADC.
A low resolution DSO may use only six bits (one
part in 64). A typical DSO may use 8 bits, with each
channel sampled simultaneously. High-end DSOs
may use 12 bits. The maximum digitizing rate is im-
portant to capture rapidly changing signals; typi-
cally the maximum rate is 1 GSample/s. The size of
the memory determines the length of time the
sample can be taken; it is also important in certain
waveform measurement functions.

Triggering One useful feature of digital storage
oscilloscopes is their ability to capture waveforms
either before or after the trigger event. Any segment
of the waveform, either before or after the trigger
event, can be captured for analysis. Pretrigger
capture refers to acquisition of data that occurs
before a trigger event. This is possible because the
data is digitized continuously, and a trigger event
can be selected to stop the data collection at some
point in the sample window. With pretrigger
capture, the scope can be triggered on the fault con-
dition, and the signals that preceded the fault condi-
tion can be observed. For example, troubleshooting
an occasional glitch in a system is one of the most
difficult troubleshooting jobs; by employing pretrig-
ger capture, trouble leading to the fault can be ana-
lyzed. A similar application of pretrigger capture is
in material failure studies where the events leading
to failure are most interesting, but the failure itself
causes the scope triggering.

Besides pretrigger capture, posttriggering can
also be set to capture data that occurs some time
after a trigger event. The record that is acquired can
begin after the trigger event by some amount of time
or by a specific number of events as determined by a
counter. A low-level response to a strong stimulus
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FIGURE I-3
Block diagram of a basic digital storage oscilloscope.
signal is an example of when posttriggering is 2. Trigger status shows if there is an adequate
useful. trigger source or if the acquisition is stopped.
Because of the large number of functions that 3. Marker shows horizontal trigger position. This
can be accomplished by even basic DSOs, manu- also indicates the horizontal position since the
facturers have largely replaced the plethora of con- Horizontal Position control actually moves the
trols with menu options, similar to computer menus trigger position horizontally.
and detailed displays that show the controls as well 4. Trigger position display shows the difference
as measurement parameters. CRTs have been re- (in time) between the center graticule and the
placed by liquid crystal displays, similar to those trigger position. Center screen equals zero.
on laptop computers. As an example, the display 5. Marker shows trigger level.
for a basic digital storage oscilloscope is shown in 6. Readout shows numeric value of the trigger
Figure I-4. Although this is a basic scope, the infor- level.
mation available to the user right at the display is 7. Icon shows selected trigger slope for edge trig-
impressive. gering.
The numbers on the display in Figure I-4 refer 8. Readout shows trigger source used for triggering.
to the following parameters: 9. Readout shows window zone timebase setting.
. I 10. Readout shows main timebase setting.
1. Icon display shows acquisition mode. 11. Readout shows channels 1 and 2 vergtical scale
factors.
A Sample mode 12. Display area shows on-line messages momen-
tarily.
J”h Peak detect mode 13. On-screen markers show the ground reference

L Average mode

points of the displayed waveforms. No marker
indicates the channel is not displayed.
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Floyd, Digital Fundamentals, Tenth Edition
CHAPTER 1: INTRODUCTORY CONCEPTS

Experiment 1
Laboratory Instrument Familiarization

Objectives

After completing this experiment, you will be able

to

O Use a digital multimeter (DMM) to measure a
specified dc voltage from the power supply.

0 Use an oscilloscope to measure circuit voltages
and frequencies.

O Set up the function generator to obtain a transistor-
transistor logic (TTL) compatible pulse of a spec-
ified frequency. Measure the pulse amplitude
and the frequency with an oscilloscope.

O Construct a digital oscillator circuit on a labora-
tory protoboard and measure various parameters
with the oscilloscope.

Materials Needed

Light-emitting diode (LED)

Resistors: one 330 (2, one 1.0 k), one 2.7 k)
Capacitors: one 0.1 wF, one 100 wF

One 555 timer

For Further Investigation:
Current tracer (H-P 547A or equivalent)
Logic pulser (H-P 546A or equivalent)
One 100 () resistor

Summary of Theory

Laboratory equipment needed for most electronics
work includes a DMM, a power supply, a func-
tion generator, and a dual-trace analog or digital

oscilloscope. This experiment is an introduction to
these instruments and to protoboards that are com-
monly used to wire laboratory experiments. Since
each laboratory will have instruments from differ-
ent manufacturers and different models, you should
familiarize yourself with your particular lab station
using the manufacturer’s operating instructions or
information provided by your instructor. There is a
wide variety of instruments used in electronics
labs; however, the directions in this experiment are
general enough that you should be able to follow
them for whatever instruments you are using.

The Power Supply

All active electronic devices, such as the integrated
circuits used in digital electronics, require a stable
source of dc voltage to function properly. The power
supply provides the proper level of dc voltage. It is
very important that the correct voltage be set before
connecting it to the ICs on your board or permanent
damage can result. The power supply at your bench
may have more than one output and normally will
have a built-in meter to help you set the voltage. For
nearly all of the circuits in this manual, the power
supply should be set to +5.0 V. When testing a
faulty circuit, one of the first checks is to verify that
the supply voltage is correct and that there is no ac
component to the power supply output.

The Digital Multimeter

The DMM is a multipurpose measuring instrument
that combines in one instrument the characteristics
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of a dc and ac voltmeter, a dc and ac ammeter, and
an ohmmeter. The DMM indicates the measured
quantity as a digital number, avoiding the necessity
to interpret the scales as was necessary on older
instruments.

Because the DMM is a multipurpose instru-
ment, it is necessary to determine which controls
select the desired function. In addition, current
measurements (and often high-range voltage meas-
urements) usually require a separate set of lead con-
nections to the meter. After you have selected the
function, you may need to select the appropriate
range to make the measurement. Digital multime-
ters can be autoranging, meaning that the instrument
automatically selects the correct scale and sets the
decimal place, or they can be manual ranging,
meaning that the user must select the correct scale.

The voltmeter function of a DMM can measure
either ac or dc volts. For digital work, the dc volts
function is always used to verify that the dc supply
voltage is correct and to check steady-state logic
levels. If you are checking a power supply, you can
verify that there is no ac component in the supply
voltage by selecting the ac function. With ac
voltage selected, the reading of a power supply
should be very close to zero. Except for a test like
this, the ac voltage function is not used in digital
work.

The ohmmeter function of a DMM is used
only in circuits that are not powered. When measur-
ing resistance, the power supply should be discon-
nected from the circuit to avoid measuring the
resistance of the power supply. An ohmmeter works
by inserting a small test voltage into a circuit and
measuring the resulting current flow. Consequently,
if any voltage is present, the reading will be in error.
The meter will show the resistance of all possible
paths between the probes. If you want to know the
resistance of a single component, you must isolate
that component from the remainder of the circuit by
disconnecting one end. In addition, body resistance
can affect the reading if you are holding the con-

FIGURE 1-1 Voltage
Definitions for a periodic pulse train. A
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ducting portion of both probes in your fingers. This
procedure should be avoided, particularly with high
resistances.

The Function Generator

The function generator is used to produce signals
required for testing various kinds of circuits. For
digital circuits, a periodic rectangular pulse is the
basic signal used for testing logic circuits. It is im-
portant that the proper voltage level be set up
before connecting the function generator to the
circuit or else damage may occur. Function gener-
ators normally have controls for adjusting the peak
amplitude of a signal and may also have a means of
adjusting the 0 volt level. Most function generators
have a separate pulse output for use in logic cir-
cuits. If you have a TTL compatible output, it will
be the one used for the experiments in this manual.

A periodic rectangular pulse is a signal that
rises from one level to another level, remains at the
second level for a time called the pulse width, (z,),
and then returns to the original level. Important pa-
rameters for these pulses are illustrated in Figure 1-1.
For digital testing, it is useful to use a duty cycle that
is not near 50% so that an inverted signal can be
readily detected on an oscilloscope.

In addition to amplitude and dc offset controls,
function generators have switches that select the
range of the output frequency. A vernier control may
be present for fine frequency adjustments.

The Oscilloscope

The oscilloscope is the most important test instru-
ment for testing circuits, and you should become
completely familiar with its operation. It is a versa-
tile test instrument, letting you “see” a graph of the
voltage as a function of time in a circuit and
compare waves. Because an oscilloscope allows you
to measure various parameters, it is considered to be
an instrument capable of parametric measurements
important in both digital and analog work. Nearly

Leading edge (positive slope)
< Trailing edge (negative slope)

/ -

— Je—DC offset

Amplitude

—» Time

Duty cycle = (ITW) 100% A duty cycle of 25% is shown.
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