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DIGITAL CONCEPTS

CHAPTER OUTLINE ’mvmr THE COMPANION WEBSITE

1-1 Digital and Analog Quantities § Study aids for this chapter are available at
1-2 Binary Digits, Logic Levels, and Digital ¢ http://www.prenhall.com/floyd -
Waveforms

NEW AND KEY TERMS

Key terms are in order of appearance in the chapter.

@ Analog [##l] Being continuous or having continuous values.

o Digital [#{5P#Y] Related to digits or discrete quantities; having a set of discrete values.

@ Binary [Z#t#l] Having two values or states; describes a number system that has a base of two and utilize 1 and 0 as
its digits.

@ Bit [ (ZHERIS)AI] A binary digit, which can be eithera 1 ora 0.

@ Pulse [BkiM] A sudden change from one level to another, followed after a time, called the pulse width, by a sudden
change back to the original level.

@ Clock [B#)1] The basic timing signal in a digital system; a periodic waveform in which each interval between pulses
equals the time for one bit.

@ Timing diagram [BtFFE] A graph of digital waveforms showing the time relationship of two or more waveforms.

@ Data [¥i#&) A logic circuit that performs a specified logic operation such as AND or OR.

@ Serial [#17] Having one element following another, as in a serial transfer of bits; occurring in sequence rather than
simultaneously.

@ Parallel [}17] In digital systems, data occurring simultaneously on several lines; the transfer or processing of several
bits simultaneously.

@ Logic [i¥#8)] In digital electronics, the decision-making capability of gate circuits, in which-a HIGH represents a true
statement and a LOW represents a false one.

WORDS FOR LOW LEVEL

@ Discrete [ #1fy] @ Clarity [{5§%] @ Amplifier [§F2%] @ Reproduction [ #l5h] @ Compact disk [Jt#k]
@ Laser (3] @ Diode[ —#%"] @ Optical [3t%:#7] @ Code [4##3] @ TTL (Transistor-Transistor Logic) [g4#k
& - SR ERRE) 1 @Edge [[17%] @ Amplitude [#E{] @ Overlap [E#&] @ Transition [¥4}] @ Reciprocal
(%] @ Instantaneously [[E]f}] @ Stray capacitive [Z4#(Z 4 )2 /T] @ Duty cycle [ z2LE)
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1-1  DIGITAL AND ANALOG QUANTITIES

FIGURE 1-1

Graph of an analog quantity
(temperature versus time).

Electronic circuits can be divided into two broad categories, digital and analog. Digital
electronics involves quantities with discrete values, and analog electronics involves
quantities with continuous values. Although you will be studying digital fundamentals
in this book, you should also know something about analog-because many applications
require both; and interfacing between analog and digital is important.

After completing this section, you should be able to

& Define analog ® Define digital ® Explain the difference between digital and analog
quantities ® State the advantages of digital over analog ® Give examples of how digital
and analog quantities are used in electronics

An analog quantity is one having continuous values. A digital quantity is one having
a discrete set of values. Most things that can be measured quantitatively occur in nature in
analog form. For example, the air temperature changes over a continuous range of values.
During a given day, the temperature does not go from, say, 70° to 71° instantaneously; it
takes on all the infinite values in between. If you graphed the temperature on a typical sum-
mer day, you would have a smooth, continuous curve similar to the curve in Figure 1-1.
Other examples of analog quantities are time, pressure, distance, and sound.

Temperature
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100 — 7 F Ty AR S
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90
85
80
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70
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-~
[

o =\
~

)

Rather than graphing the temperature on a continuous basis, suppose you just take a tem-
perature reading every hour. Now you have sampled values representing the temperature at
discrete points in time (every hour) over a 24-hour period, as indicated in Figure 1-2. You
have effectively converted an analog quantity to a form that can now be digitized by repre-
senting each-sampled value by a digital code.’It is important to realize that Figure 1-2 itself
is not the digital representation of the analog quantity.

The Digital Advantage Digital representation has certain advantages over analog repre-
sentation in electronics applications. For one thing, digital data can be processed and trans-
mitted more efficiently and reliably than analog data. Also, digital data has a great
advantage when storage is necessary. For example, music when converted to digital form
can be stored more compactly and reproduced with greater accuracy and clarity than is pos-
sible when it is in analog form. Noise (unwanted voltage fluctuations) does not affect dig-
ital data nearly as much as it does analog signals.
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Temperature FIGURE 1-2
R Sampled-value representation

100 Lot (quantization) of the analog

95 | ; ‘P 44 1:, 1 rrq:anbty in Figure 1-1. Each V?Il..l?

o presented by a dot can be digitized

0 [ § by representing it as a digital code
85 — i that consists of a series of 1s and 0s.
80
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Time of day -
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An Analog Electronic System

A public address system, used to amplify sound so that it can be heard by a large audience, is

one simple example of an application of analog electronics. The basic diagram in Figure 1-3

illustrates that sound waves, which are analog in nature, are picked up by a microphone and

converted to a small analog voltage called the audio signal. This voltage varies continuously

as the volume and frequency of the sound changes and is applied to the input of a linear am-

plifier. The output of the amplifier, which is an increased reproduction of input voltage, goes

to the speaker(s). The speaker changes the amplified audio signal back to sound waves that

have a much greater volume than the original sound waves picked up by the microphone.

FIGURE 1-3

= L.
}“/// Original sound waves
=

A basic audio public address system.

Microphone . Reproduced
\:\\\ sound waves

. s SO
WY
Linear amplifier - ) ) ) i
Audio signal Fsen / // /
A A
Speaker ’7/
o4

Amplified andio signal

A System Using Digital and Analog Methods

The compact disk (CD) player is an example of a system in which both digital and analog cir-
cuits are used. The simplified block diagram in Figure 14 illustrates the basic principle. Mu-
sic in digital form is stored on the compact disk. A laser diode optical system picks up the
digital data from the rotating disk and transfers it to the digital-to-analog converter (DAC).

CD drive FIGURE 1-4

Basic block diagram of a CD player.
Only one channel is shown.

o £
1011001 1101 &

Digital data . COMVerter .

Analog
reproduction
of music audio
signal
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The DAC changes the digital data into an analog signal that is an electrical reproduction of
the original music. This signal is amplified and sent to the speaker for you to enjoy. When the
music was originally recorded on the CD, a process, essentially the reverse of the one de-
scribed here, using an analog-to-digital converter (ADC) was used.

1-2 BINARY DIGITS, LOGIC LEVELS, AND DIGITAL WAVEFORMS

Digital electronics involves circuits and systems in which there are only two possible
states. These states are represented by two different voltage levels: A HIGH and a LOW.
The two states can also be represented by current levels, bits and bumps on a CD or
DVD, etc. In digital systems such as computers, combinations of the two states, called
codes, are used to represent numbers, symbols, alphabetic characters, and other types of
information. The two-state number system is called binary, and its two digits are 0 and 1.
A binary digit is called a bit.

After completing this section, you should be able to

» Define binary ® Define bir ® Name the bits in a binary system ® Explain how voltage
levels are used to represent bits ® Explain how voltage levels are interpreted by a digital
circuit ® Describe the general characteristics of a pulse ® Determine the amplitude, rise
time, fall time, and width of a pulse ® Identify and describe the characteristics of a digital
waveform 8 Determine the amplitude, period, frequency, and duty cycle of a digital
waveform ® Explain what a timing diagram is and state its purpose ® Explain serial and
parallel data transfer and state the advantage and disadvantage of each

Binary Digits

Each of the two digits in the binary system, | and 0, is called a bit, which is a contraction
of the words binary digir. In digital circuits, two different voltage levels are used to repre-
sent the two bits. Generally, 1 is represented by the higher voltage, which we will refer to
as a HIGH, and a 0 is represented by the lower voltage level, which we will refer to as a
LOW. This is called positive logic and will be used throughout the book.

: SR E

| The concept of a digital computer HIGH=1 and LOW =10
i can be traced back to Charles

: Babbage, who developed a crude

COMPUTER NOTE

Another system in which a 1 is represented by a LOW and a 0 is represented by a HIGH is

! mechanical computation device in called ’“’g"”.WAIOg’.C- o
{the 1830s. John Atanasoff was the Groups of bits (combinations of Is and 0s), called codes, are used to represent numbers,
! first to apply electronic processing letters, symbols, instructions, and anything else required in a given application.

 to digital computing in 1939. In
: 1946, an electronic digital

computer called ENIAC was Logic Levels

. implemented with vacuum-tube .

circuits. Even though it took up an The voltages used to represent a | and a 0 are called logic levels. 1deally, one voltage level
 entire room, ENIAC didn’t have represents a HIGH and another voltage level represents a LOW. In a practical digital cir-
the computing power of your cuit. however, a HIGH can be any voltage between a specified minimum value and a spec-

i handheld calculator. ified maximum value. Likewise, a LOW can be any voltage between a specified minimum
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y FIGURE 1-5
Vémax) |————————" Logic level ranges of voltage for a
HIGH digital circuit.
(binary 1)
Vimin) |
Unallowed
VL(m.u) ~
LOW
_(binary 0)
VL (min) =

and a specified maximum. There can be no overlap between the accepted range of HIGH
levels and the accepted range of LOW levels.

Figure 1-5 illustrates the general range of LOWs and HIGHs for a digital circuit. The
variable Vi.x, represents the maximum HIGH voltage value, and Vyy,;, represents the
minimum HIGH voltage value. The maximum LOW voltage value is represented by
VL(max)» and the minimum LOW voltage value is represented by V| ;n)- The voltage val-
ues between V) (., and Vg, are unacceptable for proper operation. A voltage in the un-
allowed range can appear as either a HIGH or a LOW to a given circuit and is therefore
not an acceptable value. For example, the HIGH values for a certain type of digital cir-
cuit called CMOS may range from 2 V to 3.3 V and the LOW values may range from
0V to 0.8 V. So, for example, if a voltage of 2.5 V is applied, the circuit will accept it as
a HIGH or binary 1. If a voltage of 0.5 V is applied, the circuit will accept it as a LOW
or binary 0. For this type of circuit, voltages between 0.8 V and 2 V are unacceptable.

Digital Waveforms

Digital waveforms consist of voltage levels that are changing back and forth between the
HIGH and LOW levels or states. Figure 1-6(a) shows that a single positive-going pulse is
generated when the voltage (or current) goes from its normally LOW level to its HIGH level
and then back to its LOW level. The negative-going pulse in Figure 1-6(b) is generated
when the voltage goes from its normally HIGH level to its LOW level and back to its HIGH
level. A digital waveform is made up of a series of pulses.
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(a) Positive—going pulse (b) Negative—going pulse

The Pulse  As indicated in Figure 1-6, a pulse has two edges: a leading edge that occurs
first at time 7, and a trailing edge that occurs last at time ¢,. For a positive-going pulse, the
leading edge is a rising edge, and the trailing edge is a falling edge. The pulses in Figure
1-6 are ideal because the rising and falling edges are assumed to change in zero time (in-
stantaneously). In practice, these transitions never occur instantaneously, although for most
digital work you can assume ideal pulses.

Figure 1-7 shows a nonideal pulse. In reality, all pulses exhibit some or all of these
characteristics. The overshoot and ringing are sometimes produced by stray inductive and

' FIGURE 1-6

Ideal pulses.



