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Chapter 1
Digital Coneepts

Lecture 01
Digital Basies
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Syllabus Outline

Ch_1

Ch_2

Ch_3
Ch 4

Ch_5

Ch_6

Introductory Concepts

Number Systems,
Operations, and Codes

Logic Gates

Boolean Algebra and
Logic Simplification

Combinational Circuit
Analysis

Functions of
Combinational Logic

Sequential circuit
analysis

Digital and Analog Quantities, Binary Digits, Logic Levels,
Digital Waveforms, Basic Logic Functions

Decimal, Binary, Complements, Hexadecimal, Octal, Binary
Coded Decimal (BCD) and Digital Codes

AND, OR, NAND, NOR, Exclusive-OR and Exclusive-NOR

Operations. and. Expressions, Laws and Rules, DeMorgan’s
Theorems; Truth Tables and Karnaugh Map

Basic -~ Combinational Logic  Circuits, Implementing
Combinational Logic, Combinational Logic Using NAND and
NOR Gates, Pulse Waveform Operation

Adders, Comparators, Decoders, Encoders, Multiplexers and
Demultiplexers.

Latches, Flip-Flops, and Timers. Shift Registers. Counters
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Intended Learning Outcomes

After completing the course, the student will be able. to:

Understand number systems, codes, and binary-arithmetic.

Produce the truth table, timing diagram.

Use Boolean Algebra, recognize Operator precedence.

Use standard forms and simplify of Boolean functions.

Construct Karnaugh Maps.

Design combinational circuits.

Build and trace the logic of circuits composed of simple gates.

Describe the behavior. of the following circuits: Adders, comparators,
Decoder, Encoder, Multiplexer, Flip-Flops, registers, and Counters.
Analyze synchronous sequential circuits.
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Assessment

Coursework: 50%
Activity 10%
2 Tests 20%  (10% each)
Practice 20%

Examination: 50%

To pass the course, at least 25% of coursework AND examination marks
are required.
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Text book

1. Thomas L. Floyd. Digital Fundamentals, (9,10) 11-th Edition,
Pearson Education Limited 2015.

References

1. Morris Mano. Digital design, 4-th edition, Pearson Education,
2007.

2. Fundamentals of Digital Logic Design with Verilog Design, S.
Brown and Z. Vranesic,-McGraw Hill Ed., 2003.
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1-1. Digital and Analog Quantities (Aflaill g 418 I &ilasl))

An analog quantity is one having continuous values.

A digital

quantity is one having a discrete set of values.

Most natural quantities that we see are analog and vary.continuously.
For example, the air temperature changes overa continuous range of values as

shown In

Fig.

Temperature
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Graph of an analog quantity (temperature versus time).
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Digital and Analog Quantities

= Analog systems can generally handle (%) higher power ‘than digital
systems.

= Digital systems can process, store, and transmit data:more efficiently but can
only assign (u=—=33) discrete values to each point.

= For example, have sampled values (<ilie=dalsis &) representing the

temperature at discrete points in time (every hour) over a 24-hour period, as
indicated in Fig.
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Sampled-value representation (quantization) of the analog quantity

= Time of day
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The digital advantage (& Jaiail) < jraq)

> Digital data can be processed and transmitted more efficiently (ssus i)
and reliable (48 5 5<) than analog data.

» 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 (48) and clarity than is possible when

it is in analog form.

= Noise (unwanted wvoltage fluctuations (<:L1s5)) does not affect digital data

nearly as much as it does analog signals.
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Analog System

= A public address system, used to amplify sound, is one simple example of an
application of analog electronics, shown in Fig.

u"‘g"f Original sound waves
Ny
Microphone Reproduced
sound waves
+—| Linear‘amplifier 11; )
Audio signal J
Speaker

Amplified audio signal
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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, shown in Fig.
« A laser diode optical system picks up the digital data from the rotating disk
and transfers it to the digital-to-analog converter (DAC).

= 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 drive

\

\\\' ||

\
W

Sound
waves
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o Digital-to-analog
Digital data | E@nVErler Analog

reproduction
of music audio

o Linear amplifier

Speaker

signal
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1-2. Binary Digits, Logic Levels and Digital Waveforms

» Digital electronics uses circuits that have two states, which'are.represented by

two different voltage levels called HIGH and LOW.

» The voltages represent numbers in the binary.system.

» In binary, a single number is called

a bit (for binary digit).

» A bit can have the value of eithera

0 or a 1, depending on if the
voltage is HIGH or LOW.

A
U]-]-‘m-.ul
HIGH
(binary 1)
1ir;[-[lﬂ'nlnl
Unacceptable
EI-F:L':I'I.'I:L'EI
LOW
(binary 0)

Ir;[. {min)
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Digital Waveforms (4l cila gall)

Digital waveforms change between the LOW and HIGH levels, as shown in
Fig.

HIGH -- HIGH — —
Rising or /' Falling or Falling or ,-"j Rising or
leading edge trailing edge leading edge trailing edge
LOW —— — W --

I I‘I I I‘I

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

1) A positive-going pulse (sls3¥). 4 52 4at) is one that goes from a normally
LOW logic level to a HIGH level and then back again.
2) A negative-going pulse (sbs3¥ 2l 424) is one that goes from a normally
HIGH logic level to a LOW level and then back again.
= Digital waveforms are made up of a series of pulses.
Pulse has tow'edges: a leading edge (<l 43) that occurs first at time t, and
a trailing edge (44l 48s) that occurs last at time t;.
The ‘pulses in Fig. are ideal because the rising (s2=L=) and falling (=)
88l € assumed to change in zero time (instantaneously (£2~Y)).
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Pulse Definitions (sl Jualis)
Actual pulses are not ideal but are described by:

1) Rise time (t,) (2sall G)):
the time required for a pulse
to go from its LOW level to !
its HIGH level. (from 10%
of the pulse amplitude “mphtude
(W) = JU=e) (height from
baseline) to 90% ).

2) Fall time (t;) (Lsed C)): :
the time required for the pu.ine :
transition from the HIGH arns T (i kel it )
level to the LOW level: |
(from 90% to 10% of the
pulse amplitude).

Oversh@ot NG A A Wl 38 55 )

Ringing (W)

oop (satsil = 16
[:'lt"l.l | emdad H_.__I_]

0%

Py
50%

|
|
l Pulse width
|
|
|

: Ringing

Undershoot

Rize time Fall time

3) Pulse width (t,) (&2 (=) or (pulse active time) 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.
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Waveforms characteristics (Slagall pailad)

= Most waveforms encountered in digital systems are composed of series of
pulses, sometimes called pulse train (=xll ,Us8) and can be classified as either
periodic or nonperiodic.

« A periodic pulse waveform is one that repeat itself at-a fixed.interval, called a period
(T). The frequency (f) is the rate (awall/Ja=sl)rat which a pulse repeats itself and

measured in hertz (Hz).

f:i or T:l
T f

» A nonperiodic pulse waveform, of.course, does not repeat itself at fixed
intervals and may be composed..of pulses of randomly differing pulse width
and/or randomly differing timecintervals between the pulses.

N U

[ —r T\ [—"

PCTiiTId:T|:T3: r.'_;:...:T”

Frequency = ]',-

(a) Periodic (square wave) (b) Nonperiodic
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» In addition to frequency and period, repetitive pulse waveforms are described
by the amplitude (A), pulse width (t,) and duty cycle (JeliEy.s3),
» Duty cycle is the ratio of t,, to T. It can be represents as percentage.

Volts

3
Pulse

width

Amplitude (4) (tw)

- i

r

Dutycycle = (%)100%

l=— Period. 7 —=|

= Time

Examnle 1'1 A portion of periodic-digital waveform is shown in Fig. The
measurements are in milliseconds. Determine the following: period, frequency and

T >

duty cycle. .
Solution 5
T=10ms;
I Tl -
T 10ms
Ot cycle:(Mjloo% - (”“—SjloO% —10%
— LT 10ms

» f(ms
10 11 (ms)

LGN Maa) G %10 5LEY) (e Basl gl § 50l s
gwigﬁaﬁ‘uﬁji‘@uw@ﬁgm
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A digital waveforms Carries Binary Information

The clock

= |In digital systems, all waveforms are synchronized_ with a-basic timing
waveform called the clock, that is a periodic waveform, and itself does not

carry information.
An example of clock is shown in Fig.

Bit
| time
i

|
Clock
0

1
0

Bit sequence : : : :
representedby 1 1 1 0 1UW 100
waveform A : : : :

- -

———
—_
—
-

* 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 clock.

« During each'bit time of the clock, waveform A is either HIGH or LOW.

* These HIGHs and LOWSs represent a sequence of bits.

A group of several bits can be used as piece of binary information, such as a number or
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Timing Diagrams
= A timing diagram is used to show the relationship between.two or more

digital waveforms, and how each waveform changes in relation to the others.

Clock

|

ATE, and C HIGH

= From this timing diagram you can see, for example, that the three waveforms
A, B, and C are HIGH only during bit time 7 (shaded area) and they all change
back LOW at the end of bit time 7.

= A diagramlike this can be observed directly on a logic analyzer,
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Data transfer

= Data refers to groups of bits that convey some type of information.
= Binary data, which are represented by digital waveforms, must-be transferred from one
to another within a digital system or from one system to anather.
* For example, numbers stored in binary form in the.memory of a computer must be
transferred to the computer’s central processing unit in‘order to be added.
o The sum of the addition must then be transferred to.a monitor for display and/or
transferred back to the memory.
« Binary data are transferred in two ways: serial and parallel, as shown in Fig.

l
Sending 1 Receiving
device LN device
l
l
1o
LT
i i
I 1
V04
T I 1
J||-:|||.|||:|-:||| 0
: \ ' 1
S’E Il Iy I"- I—_. |',; I'_- [q J(‘\- |'_. RH!Ei'FiI‘Ig
device - device |0
i i
g 1y
(a) Serial transfer of & bitshef binafy data. Interval 5, to 1| is first. (b} Paralle] transfer of 8 bits of binary data. The beginning time is 1,
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Example 1-2

a) Determine the total time required to serially transfer the eight bits contained in
waveform A of Fig., and indicate the sequence of bits. Theleft-most bit is the

first to be transferred. The 100 kHz clock is used as reference.
b) What is the total time to transfer the same eight bits in parallel?

u
Solution
1

. 1
a) Theperiodis:T =—= =10us
) Thep £ 100kHz =~ .

e ___ W I

It takes 10us to transfer each bit in the waveform.
The total transfer time for eight bits is 8x10us =80us

To determine the sequence of bits, examine _the wave form during each bit time.

If waveform A is HIGH during the bit time, a 1 is transferred.
If waveform A is LOW during the bit time, a 0 is transferred.
The bit sequence is
J 1 i 1 0 1 0 1 0

The left-most-bit is the first to be transferred
A parallel transfer would take 10xs for all eight bits.
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QUESTIONS

The endrof Lecture_0T,
chapter 1




Problems & Solutions

P l]l .| 1 Define the sequence of bits (1s and 0s) represented by each of the
m em “1 following sequences of levels:
(a) HIGH, HIGH, LOW, HIGH, LOW, LOW, LOW, HIGH

(b) LOW, LOW, LOW. HIGH, LOW, HIGH. LOW, HIGH, LOW

HIGH = 1; LOW = 0. See Figure

| : 1
HIGH HIGH} - 1OWE HIGH I.{}“": I.'I.".l'“": 1LOW HIGH
1 1 I

i)

I.{}'\-\": LOW . LOw| HIGH| Low | HIGH | LOW HIGH | LOW
I [
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Pr“hlem 1_2 Determine the duty cycle of the waveform in Fig:

- e e T e T e = 1 (ms)
solullnn 1 3 5 7 oWkl 13N 1517
ty=2ms; T=4ms
Duty cycle = (M)m% g (@jm% —50%
T Ams
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Prnmem 1_3 Given the waveform in Fig.

I
I
I
I
| | |
| : |
I ] i 1
] l s 2 s 3 us 4 415 Suis 6 s T s B s

1. Determine the bit sequence represented by Abit time is 1 us in this case

2. What is the total serial transfer time for the eight bits in Fig.? What is the
total parallel transfer time?
What is the period if the clock frequency.is 4 kHz?

solullon l ] { 1 0 I

The bit sequence is:

1| 0!

--——'-.. M

| T
| [
I [
I [
5 b 7 b

0 | 2 3 4

= Each bit time = 1 us, =» Serial transfer time = (8 bits)(1 us/bit) = 8 us;
Parallel transfer time = 1 bit time = 1 us
= The period:

=0.25ms
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