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SECTION 1 CHECKUP

Answers are at the end of the chapter.
1. Determine the output (1 or 0) of a 4-variable AND-OR-Invert circuit for each of the
following input conditions:
@®A=1B=0C=1,D=0 M®A=1,B=1C=0D=1
©A=0B=1C=1,D=1
2. Determine the output (1 or 0) of an exclusive-OR gate for each of the following input

conditions:
@A=1B=0 b)) A=1,B=1
©A=0B=1 dA=0B=0

3. Develop the truth table for a certain 3-input logic circuit with the output expression
X = ABC + ABC + ABC + ABC + ABC.

4. Draw the logic diagram for an exclusive-NOR circuit.
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Determine the output waveform X for the circuit in Example 5-14, Figure 5-34(a), directly from the output expression.

Solution

Th output expression for the circuit is developed in Figure 5-35. The SOP form indicates that the output is HIGH when A
is LOW and C is HIGH or when B is LOW and C is HIGH or when C is LOW and D is HIGH.

FIGURE 5-35

The result is shown in Figure 5-36 and is the same as the one obtained by the i i m method in Exampl
5-14. The corresponding product terms for each waveform condition that results in a HIGH output are indicated.
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FIGURE 5-36

Related Problem
Repeat this example if all the input waveforms are inverted.
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CHAPTER OUTLINE

1-1  Digital and Analog Quantities
1-2  Binary Digits, Logic Levels, and Digital Waveforms
1-3  Fixed-Function Logic Devices

- 1-1 Digital and Analog Quantities

» FIGURE 1-1

Graph of an analog quantity
(temperature versus time).

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.
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Rather than graphing the temperature on a continuous basis, suppose you just take a
temperature 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
representing 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.
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The Digital Advantage

Digital representation has certain advantages over analog representation in electronics applica-
tions. For one thing, digital data can be processed and transmitted more efficiently and reli-
ably 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 possible when it is in analog form. Noise (unwanted
voltage fluctuations) does not affect digital data nearly as much as it does analog signals.

An Analog 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 amplifier.
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.

= Original sound waves
R

Microphone Reproduced

sound waves
Linear amplifier >
Audio signal i :
Speaker

Amplified audio 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
circuits are used. The simplified block diagram in Figure 1-4 illustrates the basic principle.
Music 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). The DAC changes the digital data into an analog signal that is an electrical repro-
duction of the original music. This signal is amplified and sent to the speaker for you to

<FIGURE 1-2
Sampled-value representation
(quantization) of the analog
quantity in Figure 1-1. Each
value represented by a dot can
be digitized by representing it
as a digital code that consists
of a series of 1s and Os.

<4FIGURE 1-3
A basic audio public address
system.
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» FIGURE 1-4

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

» FIGURE 1-5

Example of a mechatronic
system and application.

enjoy. When the music was originally recorded on the CD, a process, essentially the reverse
of the one described here, using an analog-to-digital converter (ADC) was used.

CD driv
| 10110011101 | t : Linear amplifier
Digital data | Analog 4 '
: ~ reproduction
of music audio Speaker
signal
Sound

waves

Mechatronics

Both digital and analog electronics are used in the control of various mechanical systems.
The interdisciplinary field that comprises both mechanical and electronic components is
known as mechatronics.

Mechatronic systems are found in homes, industry, and transportation. Most home appliances
consist of both mechanical and electronic components. Electronics controls the operation of a
washing machine in terms of water flow, temperature, and type of cycle. Manufacturing indus-
tries rely heavily on mechatronics for process control and assembly. In automotive and other
types of manufacturing, robotic arms perform precision welding, painting, and other functions
on the assembly line. Automobiles themselves are mechatronic machines; a digital computer
controls functions such as braking, engine parameters, fuel flow, safety features, and monitoring.

Figure 1-5(a) is a basic block diagram of a mechatronic system. A simple robotic arm is
shown in Figure 1-5(b), and robotic arms on an automotive assembly line are shown in part (c).

Electronic controls

Electromechanical | .
interface g2

(a) Mechatronic system block diagram (b) Robotic arm

The movement of the arm in any quadrant and to any specified position is accomplished with
some type of digital control such as a microcontroller.

' -‘md mﬂog. Name a system that is ennrely digital.
What does, a mechatromc system consist of?
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1-2 Binary Digits, Logic Levels, and Digital Waveforms

Binary Digits

Each of the two digits in the binary system, 1 and 0, is called a bit, which is a contraction
of the words binary digit. 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.

HIGH =1 and LOW =0

Another system in which a 1 is represented by a LOW and a 0 is represented by a HIGH is
called negative logic.

Groups of bits (combinations of 1s and 0s), called codes, are used to represent numbers,
letters, symbols, instructions, and anything else required in a given application.

Logic Levels

The voltages used to represent a 1 and a 0 are called logic levels. 1deally, one voltage level
represents a HIGH and another voltage level represents a LOW. In a practical digital circuit,
however, a HIGH can be any voltage between a specified minimum value and a specified
maximum value. Likewise, a LOW can be any voltage between a specified minimum and a
specified maximum. There can be no overlap between the accepted range of HIGH levels
and the accepted range of LOW levels.

Figure 1-6 illustrates the general range of LOWs and HIGHs for a digital circuit. The
variable Vjjmay represents the maximum HIGH voltage value, and Vjypin) represents the
minimum HIGH voltage value. The maximum LOW voltage value is represented by Vi (max)»
and the minimum LOW voltage value is represented by Vi iin)- The voltage values between
W.(max) and Vigmin) are unacceptable for proper operation. A voltage in the unacceptable
range can appear as either a HIGH or a LOW to a given circuit. For example, the HIGH
input values for a certain type of digital circuit technology called CMOS may range from
2V to 3.3 V and the LOW input values may range from 0 V to 0.8 V. If a voltage of 2.5V
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 1-7(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 1-7(b) is gener-
ated 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.

HIGH -- HIGH
Rising or / Falling or Falling or Rising or
leading edge trailing edge leading edge trailing edge
LOW LOW -~=

(a) Positive—going pulse (b) Negative—going pulse

VH(max)

VH(min)

VL (max)

VL(min)

AFIGURE 1-6

Logic level ranges of voltage
for a digital circuit.

<“FIGURE 1-7

Ideal pulses.
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The Pulse

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

Figure 1-8 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
capacitive effects. The droop can be caused by stray capacitive and circuit resistance, form-
ing an RC circuit with a low time constant.

Overshoot

» FIGURE 1-8 Ringing
Nonideal pulsé characteristics. -« - o ¥ acceescioan o o)) Droop
T 90%
| I
Amplitude ! !
50% gt \
: Pulse width :
' :
10% ! o
1 ging
| : : ! Ringing
Bas ?‘— | ! : |
fue e ‘ { | : Undershoot
=ty g
L, 73
Rise time Fall time

The time required for a pulse to go from its LOW level to its HIGH level is called the
rise time (¢,), and the time required for the transition from the HIGH level to the LOW level
is called the fall time (#,). In practice, it is common to measure rise time from 10% of the
pulse amplitude (height from baseline) to 90% of the pulse amplitude and to measure the
fall time from 90% to 10% of the pulse amplitude, as indicated in Figure 1-8. The bottom
10% and the top 10% of the pulse are not included in the rise and fall times because of
the nonlinearities in the waveform in these areas. The pulse width () is a measure of the
duration of the pulse and is often defined as the time interval between the 50% points on
the rising and falling edges, as indicated in Figure 1-8.

Waveform Characteristics

Most waveforms encountered in digital systems are composed of series of pulses, some-
times called pulse trains, and can be classified as either periodic or nonperiodic. A periodic
pulse waveform is one that repeats itself at a fixed interval, called a period (T). The
frequency (f) is the rate at which it repeats itself and is measured in hertz (Hz). A non-
periodic pulse waveform, of course, does not repeat itself at fixed intervals and may be
composed of pulses of randomly differing pulse widths and/or randomly differing time
intervals between the pulses. An example of each type is shown in Figure 1-9.

9 ot i A e
N,

Period = Ty = T, =
1

Frequency =
(a) Periodic (square wave) (b) Nonperiodic
AFIGURE 1-9 The frequency (f) of a pulse (digital) waveform is the reciprocal of the period. The
Examples of digital relationship between frequency and period is expressed as follows:

waveforms.
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f= Equation 1-1

T

Shlm N

Equation 1-2

An important characteristic of a periodic digital waveform is its duty cycle, which is the
ratio of the pulse width (¢y) to the period (7). It can be expressed as a percentage.

t
Duty cycle = (—T'Z)loo% Equation 1-3

A Digital Waveform Carries Binary Information

Binary information that is handled by digital systems appears as waveforms that represent
sequences of bits. When the waveform is HIGH, a binary 1 is present; when the waveform
is LOW, a binary 0 is present. Each bit in a sequence occupies a defined time interval called
a bit time.

The Clock

In digital systems, all waveforms are synchronized with a basic timing waveform called the
clock. The clock is a periodic waveform in which each interval between pulses (the period)
equals the time for one bit.

An example of a clock waveform is shown in Figure 1-11. Notice that, in this case, each
change in level of waveform A occurs at the leading edge of the clock waveform. In other
cases, level changes occur at the trailing edge of the clock. During each bit time of the
clock, waveform A is either HIGH or LOW. These HIGHs and LOWs represent a sequence
of bits as indicated. A group of several bits can contain binary information, such as a num-
ber or a letter. The clock waveform itself does not carry information.




