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Topics include encoding information in various digital formats, manipulation of real
data using arithmetic, logic and relational operations, basic logic components,
design, analysis and implementation of combinatorial logic circuits, principles of
sequential logic and developing an understanding of memory elements and simple
sequential circuits.

Module Aims:

To introduce number systems and codes

To introduce basic postulates of Boolean algebra and shows the correlation
between Boolean expressions

To introduce the methods for simplifying Boolean expressions

To learn the basic methods for the design of digital circuits and provide the
fundamental concepts used in the design of digital systems.

To outline the formal procedures for the analysis and design of combinatorial
circuits and sequential circuits

Learning Outcomes:

By the end of this module, students are expected:

To understand the main building blocks of digital circuits and the practical
aspects of digital electronics.

Manipulate number systems used in digital system.

Use basic gates and MSI circuits in digital system design.

Analyze counter and register circuits.

Design synchronous counters.

Understand the operation of memory circuits.
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Tentative Module Schedule

NOTE: All classes will be in blended mode until further notice.

Topics Covered

1 19/1__12(1)_,/ 22 Digital Concepts, Number Systems, Operations, and Codes
2 Z | 1(.)/ 22 Logic Gates and Boolean Algebra
Online
02/11/22 . .
FoF Public Holiday
09/11/22 . . -
4 online Digital Logic Families
5 16/1_,12;/ 22 Combinatorial Logic Analysis
6 23/1}/ 22 Functions of Combinational Logic
Online
7 30/1_,12;/ 22 Functions of Combinational Logic
8 07/1?/ 22 Latches, Flip-Flops, and Timers
Online
9 14/1__12?/ 22 Latches, Flip-Flops, and Timers
10 iy 0}/ 23 Counters
Online
18/01/23
11 FIF Counters
12 25/002 Shift Registers, Memory and Storage
Online & ’ y &
01/02/23 . .
FoF Public Holiday
08/ 1? ZZF/ 2 Class Test (40% of coursework weight)
15/02/23
15 online Buffer
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Reading List

Recommend Texts (as per availability in the UTM Resource Centre):
e Floyd T. L. (2005) Digital Fundamentals: 9* Ed., Prentice-Hall *

e Tokheim R. (2007) Digital Electronics - Principles & Applications: 7 Ed.,
Mc-Graw-Hill. (D6.11 TOK)

e Predko M. (2005) Digital Electronics Demystified, Mc-Graw Hill *

*You can download a copy of these books in e-book format on my site at
http://www.rishiheerasing.net/modules/elec2102/readings.html

Other Reading Materials e.g. Articles/Papers/Websites:

e Prentice-Hall Companion Website for Digital Fundamentals, 10" Edition at
http://wps.prenhall.com/chet_floyd_digitalfun_10/

Past Exam Papers

0 Given at the end of MIP and also from the Resource Centre at http://www.utm.ac.mu/Resource/

Module Assets

The assets are available on Nefertum’s Shrine at http://www.rishiheerasing.net/modules/elec2102/In.html

The lectures notes are in .pdf format so you will need Adobe Acrobat® Reader to view them. This reader can
also be downloaded from the above-mentioned site.

Software needed will be National Instruments MultiSim Electronic Workbench Version 10.0 and is available
on my site at http://www.rishiheerasing.net/modules/elec2102/tools.html
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Digital Electronics

Digital Concepts

Analogue Quantities

Most natural quantities that we see are analogue and vary
continuously. Analogue systems can generally handle higher
power than digital systems.

Temperature
F)

100

-
1o

Time of day
23456789101112123456789101112

Digital systems can process, store, and transmit data more
efficiently but can only assign discrete values to each point.

Slide Set 1 ELEC2103

Analogue and Digital Systems

Many systems use a mix of analogue and digital electronics
to take advantage of each technology. A typical CD player

accepts digital data from the CD drive and converts it to an
analogue signal for amplification.

CDdrive

- \
10110011101 " Digital-to-analog . U ' | [inearamplifier RN

4

Digital data  converter Analog
reproduction
of music audio
signal

Speaker

55
g 2
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Binary Digits and Logic Levels

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.
v,

In binary, a single number is B
called a bit (for binary digif). A Vi
bit can have the value of either

a0 ora 1, depending on if the G
voltage is HIGH or LOW.
Vi f———
Slide Set 1 ELEC2103 4

Digital Waveforms

Digital waveforms change between the LOW and HIGH
levels. A positive going pulse is one that goes from a
normally LOW logic level to a HIGH level and then back
again. Digital waveforms are made up of a series of pulses.

HIGH - - HIGH
Risingor Falling or Falling or | Rising or
leading edge trailing edge leading edge trailing edge
LOW 1 LOW ——

o K f o

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

Slide Set 1 ELEC2103

Pulse Definitions

Actual pulses are not ideal but are described by the rise time,
fall time, amplitude, and other characteristics.

Overshoot

, Ringing

\
& Undershoot

Rise time Fall time

Slide Set 1 ELEC2103 6
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Periodic Pulse Waveforms

Periodic pulse waveforms are composed of pulses that repeats
in a fixed interval called the period. The frequency is the rate

it repeats and is measured in hertz.
1 1

T S
The clock is a basic timing signal that is an example of a
periodic wave.
What is the period of a repetitive wave if /= 3.2 GHz?

Pulse Definitions

In addition to frequency and period, repetitive pulse waveforms
are described by the amplitude (4), pulse width (#,) and duty

cycle. Duty cycle is the ratio of 7, to T.

Tolts

Pulse
width
Amplitude (4) (ow)
'l— T Time

T=l=¥= 313 ps f+— Period, 7 —
/ 32GHz
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Serial and Parallel Data
A timing diagram is used to show the relationship between
two or more digital waveforms, Data can be transmitted by either serial transfer or parallel
transfer.
| ; ; | xR el
7PN S I
B__| | ! | Computer . Printer
R T B s e 0
coL P =
A diagram like this can be observed =
directly on a logic analyzer. o
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Basic Logic Functions
N True only if a/l input conditions
! are true.

True only if one or more input §>7
W conditions are true.

IN]T Indicates the opposite condition.

Slide Set 1 ELEC2103 11

Basic System Functions

And, or, and not elements can be combined to form
various logic functions. A few examples are:

The comparison function O

A=B — Ounpus

A< —

Basic arithmetic functions

Slide Set 1 ELEC2103 12
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Basic System Functions

Basic System Functions

E The data selection function
=
=
The encoding function |~ = R LR g R ¥ B | e
i UL & P [Phee| e PR P o
e - B FT R VO VR ) Ve -
¢ Aty At |
The decoding function
Decoder — Switching Switching
— ,—l conre opat comtoo oput
77—\qmcmdl»ph)
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Basic System Functions Basic System Functions
The counting function One type of storage function is the shift register,
that moves and stores data each time it is clocked.
Counter Parallel Serial bits
output lines | Binary | Binary | Binary | Binary | Binary oninput line .
ML el el el I Inicallythe egistrcontains
12 3 4 s fort | fors | for3 | ford | fors 01 014" ojofo data orall zeros as shown here.

Input pulses

Sequence of binary codes that represent
the number of input pulses counted.

...and other functions such as code conversion

and storage.

Slide Set 1 ELEC2103 15

First bit (1) is shifted serially into the
register

01041 0lo
01{ o110

oﬁ\ 1Ho-1

Second bit (0)is shifted serially into
register and first bit is shified right.

Third bit (1) is shifted into register and
the first and second bits are shifted right.

ol off o] ©

Fourth bit (0) is shifted into registerand

4‘ O-f+=1-1-0-}=1 || thefirst, second, and third bits are shified
right. The register now stores all four bits
and is full.

Slide Set 1 ELEC2103 16

Integrated Circuits

Cutaway view of DIP (Dual-In-line Pins) chip:

Plastic

The TTL series, available as DIPs are popular
for laboratory experiments with logic.

Slide Set 1 ELEC2103 17

Example of Surface Mount Packaging for Integrated Circuits

1. Small Outline IC (SOIC)
2. Ball Grid Array (BGA)
3. Thin Small Outline
Package(TSOP)

4. Thin Quad Flat Pack
(TQEP)

5. Dual In-Line Package (DIP)
6. Quad Flat Pack (QFP)

7. Small Outline Package
(SOP)

8. Shrink Small Outline
Package (SSOP)

9. Ceramic Leadless Chip
Carrier (CLCC)

Slide Set 1 ELEC2103 18
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Test and Measurement Instruments

The front panel controls for a general-purpose oscilloscope

can be divided into four major groups.

— T
e ) 41wz som sore
5
S g3
@) @3 Q|9 | ©
.G VOuTSIDV VOLUTSIDN SEC/IDV SOURCE
8\ |\ | & | &
fo@| cowne | comne
i R | s e cow
= =+ =
ey
o cow G o e
S
e L‘E]
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Test and Measurement Instruments

The logic analyzer can display multiple channels of digital
information or show data in tabular form.

Slide Set 1 ELEC2103 20

Test and Measurement Instruments

Programmable Logic

The DMM can make three basic
electrical measurements.

Programmable logic devices (PLDs) are an alternative to
fixed function devices. The logic can be programmed for a
specific purpose. In general, they cost less and use less

Voltage board space that fixed function devices.
Resistance A PAL device is a form of PLD that uses a
C combination of a programmable AND array and a
urrent
fixed OR array:

In digital work, DMMs are useful for checking power ; — =
supply voltages, verifying resistors, testing continuity, | Pogme | L)
and occasionally making other measurements. - ! |

Slide Set 1 ELEC2103 21 Slide Set 1 ELEC2103 22

Selected Key Terms Selected Key Terms
Analogue Being continuous or having continuous values. Gate A logic circuit that performs a basic logic operations

Digital Related to digits or discrete quantities; having a set
of discrete values.

Binary Having two values or states; describes a number
system that has a base of two and utilizes 1 and 0
as its digits.

Bit A binary digit, which canbe a 1 or a 0.

Pulse 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 A basic timing signal in a digital system; a periodic
waveform used to synchronize actions.

Slide Set 1 ELEC2103 23

such as AND or OR.

NOT A basic logic function that performs inversion.
AND A basic logic operation in which a true (HIGH) output
occurs only when all input conditions are true (HIGH).
OR A basic logic operation in which a true (HIGH) output
occurs when when one or more of the input conditions
are true (HIGH).
Fixed-function A category of digital integrated circuits having
logic functions that cannot be altered.
Programmable A category of digital integrated circuits capable of
logic being programmed to perform specified functions.
Slide Set 1

ELEC2103 24
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1. Compared to analogue systems, digital systems
a. are less prone to noise
b. can represent an infinite number of values
c. can handle much higher power

d. all of the above

2. The number of values that can be assigned to a bit are
a.one
b. two
c. three

d. ten

Slide Set 1 ELEC2103
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3. The time measurement between the 50% point on the leading
edge to the 50% point on the trailing edge of the pulse is the

a. rise time

b. fall time

c. period

d. pulse width

4. The time measurement between the 90% point on the trailing
edge to the 10% point on the trailing edge of the pulse is the

a. rise time
b. fall time
c. period

d. pulse width

Slide Set 1 ELEC2103 26

5. The reciprocal of the frequency of a clock signal is the
a. rise time
b. fall time
c. period

d. pulse width

6. If the period of a clock signal is 500 ps, the frequency is
a. 20 MHz
b. 200 MHz
c.2 GHz
d. 20 GHz

Slide Set 1 ELEC2103
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7. AND, OR, and NOT gates can be used to form
a. storage devices
b. comparators
c. data selectors

d. all of the above

8. A shift register is an example of a
a. storage device
b. comparator
c. data selector

d. counter

Slide Set 1 ELEC2103 28

9. A device that is used to switch one of several input lines to a
single output line is called a

a. comparator
b. decoder
c. counter

d. multiplexer

Slide Set 1 ELEC2103
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10. For most digital work, an oscilloscope should be coupled
to the signal using

a. ac coupling
b. dc coupling
¢. GND coupling

d. none of the above

Slide Set 1 ELEC2103 30
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Digital Electronics

Number Systems, Operations & Codes

Decimal Numbers

The position of each digit in a weighted number system is
assigned a weight based on the base or radix of the system.
The radix of decimal numbers is ten, because only ten
symbols (0 through 9) are used to represent any number.

The column weights of decimal numbers are powers
of ten that increase from right to left beginning with 10° =1:

For fractional decimal numbers, the column weights
are negative powers of ten that decrease from left to right:

102 10* 10°. 101 10-2 105 104 ...

Slide Set 2 ELEC-2103

Decimal Numbers

Decimal numbers can be expressed as the sum of the
products of each digit times the column value for that digit.
Thus, the number 9240 can be expressed as

(9 x10%) + (2 x 10 + (4 x 10) + (0 x 109)
or
9x1,000+2 x100+4x10+0x1

Express the number 480.52 as the sum of values of each digit.

480.52 = (4 x 102) + (8 X 101) + (0 X 100) + (5 X 10-1) +(2 X 10-2)

Slide Set 2 ELEC-2103

Binary Numbers

For digital systems, the binary number system is used.
Binary has a radix of two and uses the digits 0 and 1 to
represent quantities.

The column weights of binary numbers are powers of
two that increase from right to left beginning with 2° =1:

For fractional binary numbers, the column weights
are negative powers of two that decrease from left to right:

222120,21222324 ...

Slide Set 2 ELEC-2103

Decimal Binary
Number ~ Number

Binary Numbers 0 [0000

1 |000f]

A binary counting sequence for numbers é g 8&0@

from zero to fifteen is shown. 4 |olloo

Notice the pattern of zeros and ones 5 |oftjoff

in each column. ? 8%&%

Digital counters frequently have this s |flooo

same pattern of digits: 9 |[joof

10 |[2joftjo

comer e 11 |[@oafd

| = | 12 |pfzoo

=01 | 13 |{dtol]

| . 14 | j1fajmo

] 15 | [Uafa|d
El#

Slide Set 2 ELEC-2103

Binary Conversions

The decimal equivalent of a binary number can be
determined by adding the column values of all of the bits
that are 1 and discarding all of the bits that are 0.

Convert the binary number 100101.01 to decimal.

Start by writing the column weights; then add the
weights that correspond to each 1 in the number.

25 24 23 22 2120. 2122
3216 8 4 2 1. % Y

100101101
32 +4 41 +%= 3TV

Slide Set 2 ELEC-2103
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Binary Conversions

You can convert a decimal whole number to binary by
reversing the procedure. Write the decimal weight of each
column and place 1’s in the columns that sum to the decimal
number.

Convert the decimal number 49 to binary.

The column weights double in each position to the right.
Write down column weights until the last number is larger
than the one you want to convert.

26 25 24 23 2221 2o0.

643216 8 4 2 1.

0110001

Slide Set 2 ELEC-2103 7

Binary Conversions

You can convert a decimal fraction to binary by repeatedly
multiplying the fractional results of successive
multiplications by 2. The carries form the binary number.

Convert the decimal fraction 0.188 to binary by
repeatedly multiplying the fractional results by 2.

0.188 x 2=0.376 carry =0 MsB
0.376 x 2 =0.752 carry =0
0.752 x 2 = 1.504 carry =1
0.504 x 2 =1.008 carry =1
0.008 x 2 =0.016 carry =0

Answer = 00110 (for five significant digits)

Slide Set 2 ELEC-2103 8

Binary Conversions

You can convert decimal to any other base by repeatedly
dividing by the base. For binary, repeatedly divide by 2:

Convert the decimal number 49 to binary by
repeatedly dividing by 2.

You can do this by “reverse division” and the
answer will read from left to right. Put quotients to
the left and remainders on top.

Answer: [T 1T 0 0 0 L[ remainder
013612 24 4RR2

Continue until the i \b
Jast quotient is 0 Quotient Decimal number base

Slide Set 2 ELEC-2103 9

Binary Addition

The rules for binary addition are
0+0=0 Sum=0,carry=0
0+1=0 Sum=1,carry=0
1+0=0 Sum=1,carry=0
1+1=10 Sum =0, carry = 1

When an input carry = 1 due to a previous result, the rules

are

1+0+0=01 Sum=1,carry=0
1+0+1=10 Sum=0,carry=1
1+1+0=10 Sum=0,carry=1
1+1+1=10 Sum=1,carry=1

Slide Set 2 ELEC-2103 10

Binary Addition

Add the binary numbers 00111 and 10101 and show
the equivalent decimal addition.

0111

00111 7
10101 21
11100 =28

Slide Set 2 ELEC-2103 11

Binary Subtraction

The rules for binary subtraction are
0-0=0
1-1=0
1-0=1
10 -1=1 with a borrow of 1
Subtract the binary number 00111 from 10101 and
show the equivalent decimal subtraction.

10101 21
00111 7
01110 =14
Slide Set 2 ELEC-2103 12
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1’s Complement

The 1’s complement of a binary number is just the inverse
of the digits. To form the 1’s complement, change all 0’s
to 1’sand all 1’s to 0’s.

For example, the 1’s complement of 11001010 is
00110101

In digital circuits, the 1’s complement is formed by using

 YYYYYYYY
oo h o bk

2’s Complement

The 2’s complement of a binary number is found by
adding 1 to the LSB of the 1’s complement.
Recall that the 1’s complement of 11001010 is
00110101 (1’s complement)
To form the 2’s complement, add 1:

STy Yy e

o o 1 1 0o 1 d

Input bits
Adder
Output bits (sum)

ol of 1 1 o 1 1l o

Carry
in [ (add 1)

Slide Set 2 ELEC-2103 14

Signed Binary Numbers

There are several ways to represent signed binary numbers.
In all cases, the MSB in a signed number is the sign bit, that
tells you if the number is positive or negative.

Computers use a modified 2’s complement for
signed numbers. Positive numbers are stored in true form
(with a O for the sign bit) and negative numbers are stored
in complement form (with a 1 for the sign bit).

For example, the positive number 58 is written using 8-bits
as 00111010 (true form).

/'
Sign bit Magnitude bits

Slide Set 2 ELEC-2103 15

Signed Binary Numbers

Negative numbers are written as the 2’s complement of the
corresponding positive humber.

The negative number —58 is written as:
—58;110001'1\0 (complement form)

Sign bit Magnitude bits
An easy way to read a signed number that uses this notation is to
assign the sign bit a column weight of —128 (for an 8-bit number).
Then add the column weights for the 1’s.
Assuming that the sign bit = —128, show that 11000110 = -58
as a 2’s complement signed number:

Column weights: —-128 643216 8 4 2 1.
11000110
-128 +64 +4+2  =-58

Slide Set 2 ELEC-2103 16

Floating Point Numbers

Floating point notation is capable of representing very
large or small numbers by using a form of scientific
notation. A 32-bit single precision number is illustrated.
E (8 bits) F (23 bits) \

Sign bit Biased expdnent (+127) Magnitude with MSB dropped
Express the speed of light, c, in single precision floating point
notation. (c = 0.2998 x 10°)

In binary, ¢ = 0001 0001 1101 1110 1001 0101 1100 0000,

In scientific notation, ¢ =1.001 1101 1110 1001 0101 1100 0000 x 228.
S = 0 because the number is positive. E = 28 + 127 = 15510 = 1001
10112. Fisthe next 23 bits after the first 1 is dropped.

2]

In floating point notation, C = | 0 [10011011 {001 1101 1110 1001 0101 1100

Slide Set 2 ELEC-2103 17

Arithmetic Operations with Signed Numbers

Using the signed number notation with negative
numbers in 2’s complement form simplifies addition
and subtraction of signed numbers.

Rules for addition: Add the two signed numbers. Discard

any final carries. The result is in signed form.

Examples:

00011110 = +30 00001110 = +14 11111111 = -1
00001111 = +15 11101111 = -17 11111000 = -8

00101101 = +45 11111101= -3  Z11110111= -9

Discard carry

Slide Set 2 ELEC-2103 18
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Avrithmetic Operations with Signed Numbers

Note that if the number of bits required for the answer is
exceeded, overflow will occur. This occurs only if both
numbers have the same sign. The overflow will be
indicated by an incorrect sign bit.

Two examples are:

01000000 = +128 10000001 = -127

01000001 = +129 10000001 = —127

10000001 = —126~ Discard carry __, 100000010 = _+2—
A

Wrong! The answer is incorrect
and the sign bit has changed.

Slide Set 2 ELEC-2103 19

Arithmetic Operations with Signed Numbers

Rules for subtraction: 2’s complement the subtrahend and
add the numbers. Discard any final carries. The result is in
signed form.
Repeat the examples done previously, but subtract:
00011110 (+30) 00001110 (+14) 11111111 (-1)
— 00001111 —(+15) — 11101111 _(~17) — 11111000 _(_g)
2’s complement subtrahend and add:

00011110 = +30 00001110 = +14 11111111 = -1
11110001 = -15 00010001 = +17 00001000 = +8

400001111 =+15 00011111=+31  x00000111=+7

Discard carry Discard carry

Slide Set 2 ELEC-2103 20

Decimal | Hexadecimal | Binary Decimal | Hexadecimal | Binary
Hexadecimal Numbers 0 0 0000 Hexadecimal Numbers 0 0 0000
. . 1 1 0001 1 1 0001
Hexadecimal uses sixteen charactersto | 2 |0010 Hexadecimal is a weighted number 2 2 |0010
represent numbers: the numbers 0 3 3 0011 system. The column We|ghts are 3 3 0011
through 9 and the alphabetic characters 4 4 0100 powers of 16, which increase from 4 4 0100
A through F. 5 5 0101 right to left 5 5 0101
6 6 0110 . 6 6 0110
Large binary number can easily 7 7 0111 7 7 0111
i f 3 2 1 .10
be converted to hexadecimal by g g 1882 Column weightsy, 162 16 16" 16 g g 188(1)
grouping bits 4 at a time and writing
h ivalent hexadecimal ch oY A Loy Express 1A2F in decimal oY A eIl
the equivalent hexadecimal character. 1 B 1011 16 : 11 B 1011
Express 1001 0110 0000 1110, in 12 C 1100 Start by writing the column weights: 12 C 1100
o 13 D 1101 4096 256 16 1 13 D 1101
hexadecimal: 14 E [1110 1 A 2 F 14 E [1110
Group the binary number by 4-bits starting 15 F 1111 1 15 F 1111
from the right. Thus, 960E 1(4096) + 10(256) +2(16) +15(1) = 6703
Slide Set 2 ELEC-2103 21 Slide Set 2 ELEC-2103 22
Decimal | Octal Binary Decimal | Octal Binary
Octal Numbers 0 0 0000 Octal Numbers 0 0 0000
. 1 1 0001 1 1 0001
Octal uses eight characters the numbers | 2 | 2 | 0010 Octal is also a weighted number 2 | 2 | o010
0 through 7 to represent numbers. 3 3 0011 system. The column weights are 3 3 0011
There is no 8 or 9 character in octal. g g 818(1) powers of 8, which increase from right g g 818(1)
Binary number can easily be 6 6 0110 to left. 6 6 0110
converted to octal by grouping bits 3 at 7 7 0111 - PV 7 7 0111
a time and writing the equivalent octal 8 10 | 1000 Column weights 5%2 g4 88 :81 8 10 | 1000
character for each group. 20 E ig% ?0 i; ig%
Express 3702, in decimal.
Express 1 001 011 000 001 110, in octal: 1} 13 | 1011 P s 1} 13 | 1011
12 | 14 | 1100 Start by writing the column weights: 12 | 14 | 1100
Group the binary number by 3-bits 5’1 ig ﬁ% 512 64 8 1 5’1 ig ﬁ%
starting from the right. Thus, 113016
9 'gnt. Thu 15| 17 |11 $ 102 15| 17 |11
3(512) + 7(64) +0(8) +2(1) = 1986

Slide Set 2 ELEC-2103 23
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BCD

Binary coded decimal (BCD) is a
weighted code that is commonly

used in digital systems when it is
necessary to show decimal

numbers such as in clock displays.

The table illustrates the
difference between straight binary and
BCD. BCD represents each decimal
digit with a 4-bit code. Notice that the
codes 1010 through 1111 are not used in
BCD.

Decimal | Binary BCD
0 0000 0000
1 0001 0001
2 0010 0010
3 0011 0011
4 0100 0100
5 0101 0101
6 0110 0110
7 0111 0111
8 1000 1000
9 1001 1001
10 | 1010 | 00010000
11 | 1011 | 00010001
12 | 1100 | 00010010
13 | 1101 | 00010011
14 | 1110 | 00010100
15 | 1111 | 00010101

BCD

You can think of BCD in terms of column weights in
groups of four bits. For an 8-bit BCD number, the column
weightsare: 80 40 20 10 8 4 2 1.

What are the column weights for the BCD number 1000 0011 0101
1001?

8000 4000 2000 1000 800 400 200 100 80 40 20 10 8 4 2 1

Note that you could add the column weights where there is
a 1 to obtain the decimal number. For this case:

8000 + 200 +100 + 40 + 10 + 8 +1 = 8359,
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Decimal | Binary | Gray code
BCD Gray code 0 | 0000 | 0000
; o whi 1 | 0001 | 0001
A lab experiment in which BCD . .
is converted to decimal is shown. Gray code is an ur}welghted code 2 | 0010 | 0011
that has a single bit change between 3 | 0011 | 0010
one code word and the next in a 4 | 0100 | 0110
— G dei dt 5 | 0101 | 0111
sequence. Gray code is used to 6 | 0110 | o101
avoid problems in systems where an 7 | 0111 | 0100
error can occur if more than one bit 8 | 1000 | 1100
changes at a time. 9 | 1001 | 1101
10 | 1010 | 1111
11 | 1011 | 1110
12 | 1100 | 1010
13 | 1101 | 1011
14 | 1110 | 1001
15 | 1111 | 1000
Slide Set 2 ELEC-2103 27 Slide Set 2 ELEC-2103 28

A shaft encoder is a typical application. Three IR
emitter/detectors are used to encode the position of the shaft.
The encoder on the left uses binary and can have three bits
change together, creating a potential error. The encoder on the

right uses gray code and only 1-bit changes, eliminating

potential errors.

Binary sequence

Gray code sequence

Slide Set 2 ELEC-2103
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ASCII is a code for alphanumeric characters and control
characters. In its original form, ASCII encoded 128
characters and symbols using 7-bits. The first 32 characters
are control characters, that are based on obsolete teletype
requirements, so these characters are generally assigned to
other functions in modern usage.

In 1981, IBM introduced extended ASCII, which is an 8-
bit code and increased the character set to 256. Other
extended sets (such as Unicode) have been introduced to
handle characters in languages other than English.

Slide Set 2 ELEC-2103 30
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Parity Method

The parity method is a method of error detection for
simple transmission errors involving one bit (or an odd
number of bits). A parity bit is an “extra” bit attached to
a group of bits to force the number of 1’s to be either
even (even parity) or odd (odd parity).

The ASCII character for “a” is 1100001 and for “A” is
1000001. What is the correct bit to append to make both of
these have odd parity?

The ASCII “a” has an odd number of bits that are equal to 1;
therefore the parity bit is 0. The ASCII “A” has an even
number of bits that are equal to 1; therefore the parity bit is 1.

Slide Set 2 ELEC-2103 31

Cyclic Redundancy Check

The cyclic redundancy check (CRC) is an error detection method
that can detect multiple errors in larger blocks of data. At the
sending end, a checksum is appended to a block of data. At the
receiving end, the check sum is generated and compared to the sent
checksum. If the check sums are the same, no error is detected.

Slide Set 2
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Selected Key Terms

Byte A group of eight bits

Floating-point ~ A number representation based on scientific
number notation in which the number consists of an
exponent and a mantissa.

Hexadecimal - A number system with a base of 16.

Octal - A number system with a base of 8.

BCD Binary coded decimal; a digital code in which
each of the decimal digits, 0 through 9, is
represented by a group of four bits.
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Alphanumeric

ASCII

Parity

Cyclic
redundancy
check (CRC)
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Selected Key Terms

Consisting of numerals, letters, and other
characters

American Standard Code for Information
Interchange; the most widely used alphanumeric
code.

In relation to binary codes, the condition of
evenness or oddness in the number of 1sin a
code group.

A type of error detection code.

ELEC-2103 34

1. For the binary number 1000, the weight of the column
with the 1 is

a. 4
b. 6
c.8
d. 10

Slide Set 2 ELEC-2103 35

2. The 2’s complement of 1000 is
a. 0111
b. 1000
c. 1001
d. 1010

Slide Set 2
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3. The fractional binary number 0.11 has a decimal value of
a. %
b. v
C. %

d. none of the above

4. The hexadecimal number 2C has a decimal equivalent
value of

a. 14
b. 44
c. 64

d. none of the above
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5. Assume that a floating point number is represented in
binary. If the sign bitis 1, the

a. number is negative
b. number is positive
C. exponent is negative

d. exponent is positive

Slide Set 2 ELEC-2103
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6. When two positive signed numbers are added, the result
may be larger that the size of the original numbers, creating
overflow. This condition is indicated by

a. a change in the sign bit
b. a carry out of the sign position
C. a zero result

d. smoke
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7. The number 1010 in BCD is
a. equal to decimal eight
b. equal to decimal ten
c. equal to decimal twelve
d. invalid
8. An example of an unweighted code is
a. binary
b. decimal
c. BCD
d. Gray code

Slide Set 2 ELEC-2103
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9. An example of an alphanumeric code is
a. hexadecimal
b. ASCII
c.BCD
d.CRC

10. An example of an error detection method for transmitted
data is the

a. parity check
b. CRC
c. both of the above

d. none of the above

Slide Set 2 ELEC-2103 41
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Digital Electronics

Logic Gates And Boolean Algebra

v inverer [RARES

The inverter performs the Boolean NOT operation. When the
input is LOW, the output is HIGH; when the input is HIGH,
the output is LOW.

Input | Output
A X
LOW (0) | HIGH (1)
HIGH (1) | LOW(0)

The NOT operation (complement) is shown with an over bar
Thus, the Boolean expression for an inverter is X = A.

Slide Set 3 ELEC2103
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Example waveforms:
A L
X | | [ LI

A group of inverters can be used to form the 1’s
complement of a binary number: Bmary number
1

T

T
15 complement

Slide Set 3 ELEC2103
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The AND Gate Bi[} B_ X
The AND gate produces a HIGH output when all inputs are

HIGH; otherwise, the output is LOW. For a 2-input gate,
the truth table is

Inputs | Output
A B X

00 0
01 0
10 0
11 1

The AND operation is usually shown with a dot between the
variables but it may be implied (no dot). Thus, the AND
operation is written as X = A ‘B or X = AB.

Slide Set 3 ELEC2103
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Example waveforms:

A 1
B | | || [
X [

The AND operation is used in computer programming as a
selective mask. If you want to retain certain bits of a binary
number but reset the other bits to 0, you could set a mask with
1’s in the position of the retained bits.

If the binary number 10100011 is ANDed with
the mask 00001111, what is the result? 00000011

Slide Set 3 ELEC2103

A X A B
ATTOX AT

The OR gate produces a HIGH output if any input is HIGH;
if all inputs are LOW, the output is LOW. For a 2-input
gate, the truth table is

Inputs | Output
A B X
00 0
01 1
10 1
11 1

The OR operation is shown with a plus sign (+) between the
variables. Thus, the OR operation is written as X = A + B.

Slide Set 3 ELEC2103
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A X A X

B
Example waveforms:

A \ [
B[ [ | L] L
X | L] L] L

The OR operation can be used in computer programming to set certain
bits of a binary number to 1.

ASCII letters have a 1 in the bit 5 position for lower case letters and a
0 in this position for capitals. (Bit positions are numbered from right
to left starting with 0.) What will be the result if you OR an ASCII
letter with the 8-bit mask 00100000?

The resulting letter will be lower case.

Slide Set 3 ELEC2103
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The NAND gate produces a LOW output when all inputs
are HIGH; otherwise, the output is HIGH. For a 2-input
gate, the truth table is

Inputs | Output
A B X
00 1
01 1
10 1
11 0

The NAND operation is shown with a dot between the
variables and an over bar covering them. Thus, the NAND
operation is written as X = A"B (Alternatively, X = AB.)

Slide Set 3 ELEC2103 8

A— X A— X
The NAND Gate JNSIIDSS: H~

B
Example waveforms:

A \ [
B[] L] L
X L L L

The NAND gate is particularly useful because it is a
“universal” gate — all other basic gates can be constructed
from NAND gates.

How would you connect a 2-input NAND gate

to form a basic inverter? {&
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The NOR gate produces a LOW output if any input is
HIGH; if all inputs are HIGH, the output is LOW. For a
2-input gate, the truth table is

Inputs | Output
A B X
00 1
01 0
10 0
11 0

The NOR operation is shown with a plus sign (+) between
the variables and an over bar covering them. Thus, the NOR
operation is written as X = A+ B.

Slide Set 3 ELEC2103 10

A X
The NOR Gate B:Z>oi

Example waveforms:

A L
B[ L | || .
X | [ ] [ 1 [
The NOR operation will produce a LOW if any input is HIGH.
450V
When is the LED is ON for the circuit shown? 3300
.
The LED will be on when any of 4 g
the four inputs are HIGH. [
Slide Set 3 ELEC2103
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A X A = X
The x0R Gae [ R Ll

The XOR gate produces a HIGH output only when both
inputs are at opposite logic levels. The truth table is

Inputs | Output
A B X
00 0
01 1
10 1
11 0

The XOR operation is written as X = AB + AB.
Alternatively, it can be written with a circled plus sign
between the variables as X = A@®B.

Slide Set 3 ELEC2103 12
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The XOR Gate [l X A=l X
o ) S-S~

Example waveforms:

A =
B | L | || -
G N T A R B

Notice that the XOR gate will produce a HIGH only when exactly one
input is HIGH.

If the A and B waveforms are both inverted for the above
waveforms, how is the output affected?

There is no change in the output.

Slide Set 3 ELEC2103 13

The o Gae [ S

B
The XNOR gate produces a HIGH output only when both
inputs are at the same logic level. The truth table is

Inputs | Output
A B X
00 1
01 0
10 0
11 1

The XNOR operation shown as X = AB + AB. Alternatively,
the XNOR operation can be shown with a circled dot
between the variables. Thus, it can be shown as X = AQB.

Slide Set 3 ELEC2103
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The XNOR Gate [} X A—f =1} X
| The XNOR Gate K| Jp oS bl

Example waveforms:
A \ [
B__ [ L] L] [

x LU

Notice that the XNOR gate will produce a HIGH when both inputs are the
same. This makes it useful for comparison functions.

If the A waveform is inverted but B remains the same, how is
the output affected?

The output will be inverted.

Slide Set 3 ELEC2103 15

Fixed Function Logic

Two major fixed function logic families are TTL and CMOS.
A third technology is BICMOS, which combines the first
two. Packaging for fixed function logic is shown.

[—0.335 - 0.334 in.—|
141312 11 10 9 8§

‘% 0.740 - 0.770 in.—»|

Pin no.1
identifiers

identifier @
14°

DIP package
SOIC package

Slide Set 3 ELEC2103
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Fixed Function Logic

Some common gate configurations are shown.

Vee Voo
[14]

[13 [14 1] [19[9]
ﬁ-.- e T
{ >
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Fixed Function Logic

Logic symbols show the gates and associated pin numbers.

=

%

)
) 1) & SNC)
) ®) @)
o g B 8 0
) [©)

<

©)

(10) ®) (10) N ®
(12)

(12 a1

=
@
=
Rt
=
=l
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Fixed Function Logic

Data sheets include limits and conditions set by the
manufacturer as well as DC and AC characteristics. For
example, some maximum ratings for a 74HCOOA are:

MAXIMUM RATINGS

Programmable Logic

A Programmable Logic Device (PLD) can be programmed
to implement logic. There are various technologies
available for PLDs. Many use an internal array of AND

Symbol Fo— Vaine ™ Tomt gates to form logic terms. Many PLDs can be programmed
Voc  |DC Supply Voliage (Referenced to GND) —05t0+7.0V \ multlple times. _ _
Vin DC InputVoltage (Referenced to GND) —0.510 \bc +0.5 \ " T
V, DC Output Voltage (Referenced to GND) — 0.5 +0.5 \ RAM RAM RAM RAM
Iiunul DC Input Current, per pin :oz\é:c mA
I DC Output Current, per pin +25 mA
Iz DC Su;‘a’::»lyI Currentt. \ZC F'and GND pins +50 mA \/E .\/E \/{ \/E
25 Power Dissipation in Still Air, Plastic or Ceramic DIP  + 750 mw SRAn SR SRA SR
=
T. Storage Temperature —65 to + 150 °C
TSF LeadgTemp?r)ature, 1 mm from Case for 10 Seconds °C \/2 '\/z
Plastic DIP, SOIC, or TSSOP Package 260 !
Ceramic DIP 300 |
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Selected Key Terms Selected Key Terms
Inverter A logic circuit that inverts or complements its ORgate A logic gate that produces a HIGH output when
inputs. one or more inputs are HIGH.
Truth table A table showing the inputs and corresponding NAND gate A logic gate that produces a LOW output only
output(s) of a logic circuit. when all of its inputs are HIGH.
o NOR gate ;
Timing A diagram of waveforms showing the proper time 9% A logic gate that produces a LOW output when one
diagram re|ationship of all of the waveforms. or more inputs are HIGH.
Exclusive-OR
Boolean . T i
loebra The mathematics of logic circuits. gate A logic gate that produces a HIGH output only
algebra ) when its two inputs are at opposite levels.
AND gate Exclusive-NOR )
A logic gate that produces a HIGH output only gate A logic gate that produces a LOW output only

Slide Set 3

when all of its inputs are HIGH.
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Slide Set 3

when its two inputs are at opposite levels.
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1. The truth table for a 2-input AND gate is

Inputs | Output Inputs | Output
A B X A B X
00 0 00 1
a 01 1 b. 01 0
10 1 10 0
11 0 11 0
Inputs | Output Inputs | Output
A B X A B X
00 0 00 0
c 0 1 0 d 01 1
10 0 10 1
11 1 11 1
Slide Set 3 ELEC2103 23

2. The truth table for a 2-input NOR gate is

Inputs | Output Inputs | Output
A B X A B X
00 0 00 1
a 01 1 b. 01 0
10 1 10 0
11 0 11 0
Inputs | Output Inputs | Output
A B X A B X
00 0 0 0 0
c 01 0 d. 0 1 1
10 0 10 1
11 1 11 1

Slide Set 3
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3. The truth table for a 2-input XOR gate is

Inputs | Output Inputs | Output
A B X A B X
00 0 00 1
a 01 1 b. 01 0
10 1 10 0
11 0 11 0
Inputs | Output Inputs | Output
A B X A B X
00 0 0 0 0
c 01 0 d. 01 1
10 0 10 1
11 1 11 1
Slide Set 3 ELEC2103
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4. The symbol S:J is for a(n)

a. OR gate

b. AND gate
c. NOR gate
d. XOR gate

5. The symbol g :DOL is for a(n)

a. OR gate

b. AND gate
c. NOR gate
d. XOR gate

Slide Set 3 ELEC2103
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6. A logic gate that produces a HIGH output only when
all of its inputs are HIGH is a(n)

a. OR gate

b. AND gate
c. NOR gate
d. NAND gate

7. The expression X = A@B means
a.AORB

b. AAND B
c.AXORB
d.AXNORB

Slide Set 3 ELEC2103
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8. A 2-input gate produces the output shown. (X represents
the output.) This is a(n)

a. OR gate

b. AND gate
c. NOR gate
d. NAND gate

A \ [ 1
B [ L] L]

X L]

Slide Set 3 ELEC2103
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9. A 2-input gate produces a HIGH output only when the
inputs agree. This type of gate is a(n)

a. OR gate

b. AND gate
c. NOR gate
d. XNOR gate

Slide Set 3 ELEC2103
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Boolean Addition

In Boolean algebra, a variable is a symbol used to represent
an action, a condition, or data. A single variable can only
have a value of 1 or 0.

The complement represents the inverse of a variable and is indicated
with an overbar. Thus, the complement of A is A.

A literal is a variable or its complement.

Addition is equivalent to the OR operation. The sum term is 1 if one or
more if the literals are 1. The sum term is zero only if each literal is 0.

Determine the values of A, B, and C that make the sum term
of the expression A+ B + C =0?

Each literal must = 0; therefore A=1,B=0and C = 1.

Slide Set 3 ELEC2103
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Boolean Multiplication

In Boolean algebra, multiplication is equivalent to the AND
operation. The product of literals forms a product term. The
product term will be 1 only if all of the literals are 1.

What are the values of the A, B and C if the
product term of AB-C = 1?

Each literal must = 1; therefore A=1,B=0and C =0.
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Commutative Laws

The commutative laws are applied to addition and
multiplication. For addition, the commutative law states

In terms of the result, the order in which variables
are ORed makes no difference.

A+B=B+A

For multiplication, the commutative law states
In terms of the result, the order in which variables
are ANDed makes no difference.

AB =BA
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Associative Laws

The associative laws are also applied to addition and

multiplication. For addition, the associative law states
When ORing more than two variables, the result is
the same regardless of the grouping of the variables.

A+B+C)=(A+B)+C ‘

For multiplication, the associative law states
When ANDing more than two variables, the result is
the same regardless of the grouping of the variables.

A(BC) = (AB)C
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Distributive Law

The distributive law is the factoring law. A common
variable can be factored from an expression just as in
ordinary algebra. That is

AB + AC = A(B+ C)

The distributive law can be illustrated with equivalent

circuits:
] - SE}%}
C = X
AE—LDix é:D AC
A(B+ C) AB + AC
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Rules of Boolean Algebra

. A+0=A (Law of Union)

. A+1=1 (Law of Union)

. A.0=0 (Law of Intersection)

. A.1=A (Lawof Intersection)

A+ A=A (Law of Idempotency)

A.A=A (Law of Idempotency)

A+A=1 (Complementary Law)

.A=0 (Complementary Law)

A=A (Double Negative Law)

. A+AB=A (Law of Absorption)

11. A+ AB=A+B (Law of Common Identities)
12. A+BC=(A+B)(A+C) (Distributive Law)
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Rules of Boolean Algebra

Rules of Boolean algebra can be illustrated with Venn
diagrams. The variable A is shown as an area.

The rule A + AB = A can be illustrated easily with a diagram. Add
an overlapping area to represent the variable B.

The overlap region between A and B represents AB.

The diagram visually shows that A + AB = A. Other rules can be
illustrated with the diagrams as well.
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Rules of Boolean Algebra

Illustrate the rule A + AB = A + B with a Venn

diagram.
This t is represented by the blue area
again  :red circle. The intersection rep: ]

AB. Noticethat A + AB=A + B

Slide Set 3 ELEC2103
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Rules of Boolean Algebra

Rule 12, which states that (A + B)(A + C) = A + BC, can
be proven by applying earlier rules as follows:

(A+B)(A+C)=AA+AC+AB+BC
=A+AC+AB+BC
=A(1l+C+B)+BC
=A-1+BC
=A+BC

This rule is a little more complicated, but it can also be
shown with a Venn diagram, as given on the following
slide...

Slide Set 3 ELEC2103
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Three areas represent the variables A, B, and C.
The area representing is shown in
The area representing A + C is shown in red.

The overlap of red and is shown in

The overlapping area between B and C represents BC.

ORing with  gives the same area as before.

s
= BC
(A+B)A+C Ak BC

Slide Set 3 ELEC2103
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De Morgan’s Theorem

DeMorgan’s 1%t Theorem

The complement of a product of variables is
equal to the sum of the complemented variables.

AB=A+B
Applying DeMorgan’s first theorem to gates:

S - o
B B

AB A+B
NAND Negative-OR 00 1 1
01 1 1
10 1 1
11 0 0
Slide Set 3 ELEC2103
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De Morgan’s Theorem

DeMorgan’s 2" Theorem

The complement of a sum of variables is equal to
the product of the complemented variables.

A+B=A B

Applying DeMorgan’s second theorem to gates:

Aj>O—A+B =49 AB Inputs | Output
. ° B |A+B AB

NOR Negative-AND

[eNeNaNy
[eNeNaN

0
1
0
1

Slide Set 3 ELEC2103
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De Morgan’s Theorem

Apply DeMorgan’s theorem to remove the
overbar covering both terms from the

expression X = C + D.

To apply DeMorgan’s theorem to the expression,
you can break the overbar covering both terms.

Slide Set 3 ELEC2103
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Boolean Analysis of Logic Circuits

Combinational logic circuits can be analyzed by writing
the expression for each gate and combining the
expressions according to the rules for Boolean algebra.

Apply Boolean algebra to derive the expression for X.

Write the expression for each gate:

) c(a+B)

O @ >

X=C(A+B)+D
D
Applying DeMorgan’s theorem and the distribution law:

X=C(A B)+D=ABC+D

Slide Set 3 ELEC2103
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SOP and POS forms

Boolean expressions can be written in the sum-of-products
form (SOP) or in the product-of-sums form (POS). These
forms can simplify the implementation of combinational
logic, particularly with PLDs. In both forms, an overbar
cannot extend over more than one variable.

An expression is in SOP form when two or more product terms are
summed as in the following examples:

ABC+AB ABC+CD CD+E
An expression is in POS form when two or more sum terms are
multiplied as in the following examples:

(A+B)A+C) (A+B+C)B+D) (A+B)C
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SOP Standard form

In SOP standard form, every variable in the domain must
appear in each term. This form is useful for constructing
truth tables or for implementing logic in PLDs.

You can expand a non-standard term to standard form by multiplying
the term by a term consisting of the sum of the missing variable and its
complement.

Convert X = A B + A B C to standard form.

The first term does not include the variable C. Therefore,
multiply it by the (C + C), which = 1:
X=AB(C+C)+ABC

=ABC+ABC+ABC

Slide Set 3 ELEC2103
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POS Standard form

In POS standard form, every variable in the domain must
appear in each sum term of the expression.

You can expand a nonstandard POS expression to standard form by
adding the product of the missing variable and its complement and
applying rule 12, which states that (A + B)(A + C) = A + BC.

Convert X = (A + B)(A + B + C) to standard form.

The first sum term does not include the variable C.
Therefore, add C C and expand the result by rule 12.

X=(A+B+CC)A+B+C)
=(A+B+C)A+B+C)A+B+C)
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Karnaugh maps

The Karnaugh map (K-map) is a tool for simplifying
combinational logic with 3 or 4 variables. For 3 variables,
8 cells are required (23).

The map shown is for three variables f\ (\
labelled A, B, and C. Each cell ABC <ABC
represents one possible product 4
term. - - A?C "A?C
Each cell differs from an adjacent ABC=tABC
cell by only one variable. L §
AB;C**A%C
AN

Slide Set 3 ELEC2103
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Karnaugh maps

Cells are usually labeled using 0’s and 1’s to represent the
variable and its complement.

c 4, The numbers are entered in gray
R code, to force adjacent cells to be
0 different by only one variable.

V o1 \ Ones are read as the true variable
and zeros are read as the
j complemented variable.
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Karnaugh maps

Alternatively, cells can be labelled with the variable
letters. This makes it simple to read, but it takes more
time preparing the map.

©

Read the terms for the
yellow cells.

AB

| Lo

_ X
AB T~ ABC

The cells are ABC and ABC. AB \
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Karnaugh maps

K-maps can simplify combinational logic by grouping
cells and eliminating variables that change.
Group the 1’s on the map and read the minimum logic.

o 1o
Al . .
B changes 92\ (q 1. Group the 1’s into two overlapping
across = groups as indicated.
:;'anary ‘ 1 J 1) 1. Read each group by eliminating any
n variable that changes across a
boundary. -
10 1. The vertical group is read AC.
1. The horizontal group is read AB.
Cchanges | | A N
across this X =AC +AB
boundary
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Karnaugh maps

A 4-variable map has an adjacent cell on each of its four
boundaries as shown.

Karnaugh maps

Group the 1’s on the map and read the minimum logic.

C changes across
outer boundary

Each cell is different only by D o
one variable from an adjacent asNQ (@ (1 1. Group the 1 into two separate
cell 9@ ﬂ [T groups as indicated.
AN I t I I pl Lo [ changes 1. Read each group by eliminating
& TS Grouping follows the rules g LQ Q any variable that changes across a
o Lt Ly < | givenin the text. ﬁ\ 12 boundary.
g I t I I | The following slide shows an [ B changds o tj 1. Ih_e upper (yellow) group is read as
it e A A example of reading a four AD. _
VAVAVAVY variable map using binary [Corns | 1. Z:;e lower (green) group is read as
numbers for the variables... X : —
X =AD +AD
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Selected Key Terms Selected Key Ten

Variable A symbol used to represent a logical quantity that
can have a value of 1 or 0, usually designated by
an italic letter.

Complement The inverse or opposite of a number. In Boolean
algebra, the inverse function, expressed with a bar
over the variable.

Sum term The Boolean sum of two or more literals
equivalent to an OR operation.

Product term  The Boolean product of two or more literals
equivalent to an AND operation.
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Sum-of- A form of Boolean expression that is basically the
products (SOP) ORing of ANDed terms.

Product of A form of Boolean expression that is basically the
sums (POS)  ANDing of ORed terms.

Karnaugh map An arrangement of cells representing combinations

of literals in a Boolean expression and used for
systematic simplification of the expression.

Slide Set 3 ELEC2103 54
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1. The associative law for addition is normally written as
aA+B=B+A
b.(A+B)+C=A+(B+C)
c. AB=BA

dA+AB=A
2. The Boolean equation AB + AC = A(B+ C) illustrates

a. the distribution law
b. the commutative law
c. the associative law

d. De Morgan’s theorem

Slide Set 3 ELEC2103
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3. The Boolean expression A . 1 is equal to
a. A
b. B
c. 0

d. 1
4. The Boolean expression A + 1 is equal to

a. A
b. B
c. 0
d. 1

Slide Set 3 ELEC2103 56

5. The Boolean equation AB + AC = A(B+ C) illustrates
a. the distribution law
b. the commutative law
c. the associative law

d. DeMorgan’s theorem

Slide Set 3 ELEC2103
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6. A Boolean expression that is in standard SOP form is
a. the minimum logic expression
b. contains only one product term
c. has every variable in the domain in every term

d. none of the above
7. Adjacent cells on a Karnaugh map differ from each other by

a. one variable
b. two variables
c. three variables

d. answer depends on the size of the map

Slide Set 3 ELEC2103 58

8. The minimum expression that can be read from
the Karnaugh map shown is

€ ©
a. X=A _
B AB
b. X=A I8
c. X=B AB| 1 1
d. X=B AB| 1 1
Slide Set 3 ELEC2103
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9. The minimum expression that can be read from
the Karnaugh map shown is

€ ©
a. X=A e
b. X=A 8
c. X=B AB
d.X=§ AB| 1 1

Slide Set 3 ELEC2103 60
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Digital Electronics

Digital Logic Families

i 4|i i mi
i
i %ni i ﬂi
CATRCAT

Implementation Technologies

= Two major digital IC technologies

= CMOS (Complementary Metal Oxide
Semiconductor)

= TTL (Transistor-Transistor Logic)

= The logic operations of NOT, AND, OR,
NAND, NOR, XOR, XNOR are
technology-independent.

= Different in performance characteristics

Slide Set 4 ELEC2103

CMOS

Complementary Metal-Oxide Semiconductor
Implemented by Metal-Oxide Semiconductor
Field-Effect Transistors (MOSFETS)

Low Power Dissipation
High Noise Immunity

CMOS categories 5 ochannel
= 5V CMOS /
= 3.3V CMOS
= 25V CMOS b
= 1.8V CMOS G N-channel

Slide Set 4 ELEC2103

CMOS INVERTER

Vdd Supply voltage
Supply currgnt I

p-channel

d
4DQ Vin —O Vout
d

n-channel

Slide Set 4 ELEC2103

TTL

= Transistor-Transistor Logic
= Implemented by Bipolar Junction
Transistors (BJTs)

. @: NPN
= Not sensitive to electrostatic discharge
= TTL logic gates operate from 5V supply

Slide Set 4 ELEC2103

TTL INVERTER

— e

+V,, Supply voltage
T e Supply current

Input
P output

€

Slide Set 4 ELEC2103
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ECL

= Emitter-Coupled Logic

= Bipolar technology

= Much faster than TTL

= High fan-out is possible

= Higher power consumption

Slide Set 4 ELEC2103 7

CMOS, TTL, ECL

= Speed (high to low)
= ECL-> TTL > CMOS

= Power Dissipation (Low to high)
= CMOS > TTL - ECL

Slide Set 4 ELEC2103 8

|IC Package

0.740 - 0.770 in.—»‘
7 71 [7]

Pin no.1
identifiers
14

Slide Set 4 ELEC2103 9

0.250 0010 in,

Some common IC gates

Series | Type of logic gate

74XX00 | Quad 2-input NAND

74XX02 | Quad 2-input NOR :{%00 3
74XX04 | Hex inverter r[;_gl;ﬂ-:l_ 1 oLl ] oLl o)l ol oL e

74XX10 | Triple 3-input NAND

74XX11 | Triple 3-input AND

74XX20 | Dual 4-input NAND | LTI I T T 5

74XX25 | Dual 4-input NOR

74XX32 | Quad 2-input OR ‘DT P> LIT@Tl@?l
74XX86 | Quad 2-input XOR W e B
Slide Set 4 ELEC2103 10

Some common IC gates

7411 vaow
ffJf.u'a’u’-jDu?L"fL ‘ [l falfal (311
Nun=N | [T ]
T".-“Iiﬁ,’ﬁ,‘.ﬂ:ﬁiﬁﬂﬂ 2402020203010 g 0403030403050y
T430

naloioEaClo e, S, ) SR
l . . | . .4;.:1@1...4[5;'.. ..,4. ;[,_El_-j[, _'!:lfi-. :J._

Slide Set 4 ELEC2103 11

Some common IC gates

= XX (in table 1) indicates the IC series

= For example:
= HC — High-speed CMOS
= AC — Advanced CMOS
= LV — Low-voltage CMOS
= S — Schottky TTL
= LS — Low-power Schottky TTL

Slide Set 4 ELEC2103 12
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Performance Characteristics and
Parameters

= Switching Speed (Propagation delay time)
= Power dissipation

= Fan-in

= Fan-out/drive capability

= Noise Margin

= Packaging Density

Slide Set 4 ELEC2103

Propagation Delay Time,

Depends on the switching speed that a logic
circuit can operate.

Low speed circuit or high speed circuit
Definition of £,

= Time interval between the application of an input
pulse and the occurrence of the resulting output
pulse.

2 measurements
= t,,—t, with the output changing from HIGH to

LOW.
=t ,,—t, with the output changing from LOW to
HIGH.
Slide Set 4 ELEC2103 14

Propagation Delay Time, £,

— e

Input 50% 50%

L tpHL !
IQ—P

Power Dissipation, P,

= Power Dissipation =
DC supply voltage x average supply current

Il ., +1,.
PD:VCC(%)

The above calculation is based on 50% duty cycle.

| : It LH: = VCC—supply voltage
I : ! =/ —supply current for the LOW output state
H i ! =/ —supply current for the HIGH output state
Output &50% f' 0%
L
Slide Set 4 ELEC2103 15 Slide Set 4 ELEC2103 16
Fan-in

Power Dissipation

= CMOS have very low power dissipation
compared to TTL.

= However,

Power

Power versus frequency curves
for TTL and CMOS

CMOs

0 Frequency

Slide Set 4 ELEC2103

= The fan-in of a gate — the number of
inputs connected to the gate.

= The larger the fan-in is, the larger the
propagation delay of the gate will be.
Fan-in I , Speed l
= Typical gate has a fan-in of 1 or 2.

X X .
Z=XeY 3z=xw x—Do—x
Y ¥

AND gate OR gate m?gn%?w or

Slide Set 4 ELEC2103 18
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Fan-out

= The fan-out of a gate—the maximum
number of inputs that are connected to the
output of the gate and
= still maintain the output voltage levels within
specified limits. (TTL)

= Still maintain the operation frequency within
specified limit. (CMOS)

[ ] % Driving Giace T s
AT
Slide Set 4 19

Fig.01: Loading & gate output with gate inputs

Noise Immunity

= Noise —unwanted voltage that is induced
in electrical circuits.

= Noise may present a threat to the proper
operation of the circuit.

3.3V

Logic 1

(HIGH)
2V

unallowed .
Logic levels

0.8V

Logic 0

(LOW)
ov

Noise Immunity

= |n order not to be affected by noise, the
logic circuit must have noise immunity.

= Noise immunity—the ability to tolerate a
certain amount of unwanted voltage
fluctuation on its inputs without

NOISE MARGIN

Acceptable TTL Gate
Input Signal Levels

Acceptable TTL Gate
Output Signal Levels

5V 5V
igh- i i High
High high-level noise ma‘rgm g ‘|:
2R 3K 27V

05V
L
o ITY t Low—LE=

low-level noise margin

Acceptable CMOS Gate
Input Signal Levels

Acceptable CMOS Gate
Output Signal Levels

changing its output state. w{ll” e T sy
w7
v
1 I
Side Set 4 ELEC2103 2 Slide Set 4 ELEC2103 2
Packaging Densitys

Complexity Gates per chip
Small-scale integration (SSI) <12
Medium-scale integration (MSI) 12 to 99
Large-scale integration (LSI) 100 to 9999
Very large-scale integration (VLSI) 10,000 to 99,999
Ultra large-scale integration (ULSI) 100,000 to 999,999

Giga-scale integration (GSI) 1,000,000 or more

Slide Set 4 ELEC2103 23




Page 31 of 71

Digital Electronics

Combinational Logic Analysis

Combinational Logic Circuits

In Sum-of-Products (SOP) form, basic combinational circuits
can be directly implemented with AND-OR combinations if
the necessary complement terms are available.

Product terms

O 0w »

Sum-of-products

o

Product term

Slide Set 5 ELEC2103

Combinational Logic Circuits

An example of an SOP implementation is shown. The SOP
expression is an AND-OR combination of the input variables
and the appropriate complements.

m o O @>

Slide Set 5 ELEC2103

Combinational Logic Circuits

When the output of a SOP form is inverted, the circuit is
called an AND-OR-Invert circuit. The AOI configuration
lends itself to product-of-sums (POS) implementation.

An example of an AOI implementation is shown. The output
expression can be changed to a POS expression by applying
DeMorgan’s theorem twice.

T

A _

B ABC

c— X = ABC + DE {>QX:ABG+6E AOI

D X = (/.\B(T)(D_iE) DeMorgan

E DE X=(A+B+C)D+E) POS
Slide Set 5 ELEC2103

Exclusive-OR Logic

Exclusive-OR Logic

The truth table for an exclusive-OR gate is

Notice that the output is HIGH whenever
A and B disagree.
The Boolean expression is X = AB + AB

Inputs | Output

The circuit can be drawn as

A
Symbols:
?X D I
Distinctive shape Rectangular outline
B

Slide Set 5 ELEC2103

Exclusive-NOR Logic

Inputs
The truth table for an exclusive-NOR gate is = [\:!

Notice that the output is HIGH whenever
A and B agree.

The Boolean expression is X = AB + AB

The circuit can be drawn as

A Symbols:
X
B
DD -
Distinctive shape Rectangular outline
Slide Set 5 ELEC2103
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For each circuit, determine if the LED should be on or off.

450V

50V +5.0V
5oV +! 150V +5.0V
3300 3300 0
. B ~ LED
8 aE> B g0 po
e = -
= A
A, ) L
(©)

Circuit (a): XOR, inputs agree, output is LOW, LED is ON.
Circuit (b): XNOR, inputs disagree, output is LOW, LED is ON.
Circuit (c): XOR, inputs disagree, output is HIGH, LED is OFF.

Slide Set 5 ELEC2103

Implementing Combinational Logic

Implementing a SOP expression is done by first forming the
AND terms; then the terms are ORed together.

Show the circuit that will implement the Boolean expression X = ABC + ABD
+ BDE. (Assume that the variables and their complements are available.)

Start by forming the terms using three 3-input AND gates.
Then combine the three terms using a 3-input OR gate.

X = ABC + ABD + BDE

molw Om> oW

Slide Set 5 ELEC2103 8

Karnaugh Map Implementation

For basic combinational logic circuits, the Karnaugh map
can be read and the circuit drawn as a minimum SOP.

A Karnaugh map is drawn from a truth table. Read the
minimum SOP expression and draw the circuit.

continued...

Circuit: A
C:D:,\:Z>X—= AC+ AB
A
o)

_ 1C® 1. Group the 1s into two overlapping The result is shown as a sum of products.
B [ . E;Otijps ash'”d'cate;' —_ It is a simple matter to implement this form using only
. Read each group by eliminating any : :
change € 1) variable that changes across a boundary. NAND gates as shown in the text and following example.
S across ) ) —
this AB 1. The vertical group is read AC.
bounda | 5| C 1. The horizontal group is read AB.
ry | change The circuit is on the next slide:
S across
Slide Set 5 thIS ELEC2103 9 Slide Set 5 ELEC2103 10
hAaiinAdAa
NAND Logic Universal Gates
NAND gates are sometimes called universal gates
Convert the circuit in the previous example to because they can be used to produce the other basic
one that uses only NAND gates. Boolean functions.
A ﬂ o A A j Yot ) AB
Recall from Boolean algebra that double inversion cancels. \ B D L
By adding inverting bubbles to above circuit, it is easily nerter gate
converted to NAND gates: » B .
A [ P A+B of| - A+B
1 I o R :
X= AC+ AB
A :,\:ZJ:} OR gate NOR gate
Slide Set 5 ELEC2103 11
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Universal Gates

NOR gates are also universal gates and can form all of
the basic gates.

NAND Logic

Recall from DeMorgan’s theorem that AB = A + B. By
using equivalent symbols, it is simpler to read the logic
of SOP forms. The earlier example shows the idea:

=D D =D I N
Inverter OR gate c :D X= AC +AB
Iy
A TS A - s )
X— AB o) o AB
B 4) B - .
The logic is easy to read if you (mentally) cancel the two
AND gate NAND gate connected bubbles on a line.
Slide Set 5 ELEC2103 13 Slide Set 5 ELEC2103 14
NOR Logic Pulsed Waveform

Alternatively, DeMorgan’s theorem can be written as
A + B = AB. By using equivalent symbols, it is simpler
to read the logic of POS forms. For example,

MD (A+B)A+C)

o » w >

Again, the logic is easy to read if you cancel the two
connected bubbles on a line.

Slide Set 5 ELEC2103 15

For combinational circuits with pulsed inputs, the output
can be predicted by developing intermediate outputs and
combining the result. For example, the circuit shown can
be analyzed at the outputs of the OR gates:

AT

B

o O

Slide Set 5 ELEC2103 16

Pulsed Waveform

. Inp
Alternatively, you can develop the truth table for uts_Output
the circuit and enter 0’s and 1’s on the waveforms. A B C D X
Then read the output from the table. 0000 0

000 1| 1
00 10| 1
A >0 B 001 1| 1
B 0100| 0
010 1| 1
C B 0110 1
D 0011 1| 1
1000]| o
A |O[T]O0[1]0[1]0[T]O0[T1] 100 1| 0
;\* T . 1010 0
B |0/ 111/ 0/0]1}1]010/0 1011 o
3 1100]| 0
cio:o:ollllllooo 1101l 1
D |0/0/0/0/0/ 00/ TIT]0] 1110 1
111 1] 1

G 00001 11010

Slide Set 5 ELEC2103 17

Selected Key Terms

Universal gate  Either a NAND or a NOR gate. The term universal
refers to a property of a gate that permits any logic
function to be implemented by that gate or by a
combination of gates of that kind.

Negative-OR  The qual operation of a NAND gate when the
inputs are active-LOW.
Negative-AND The dual operation of a NOR gate when the inputs
are active-LOW.

Slide Set 5 ELEC2103 18




Page 34 of 71

1. Assume an AOI expression is AB + CD. The equivalent

POS expression is
a.(A+B)(C+D)
b.(A+B)(C +D)
c.(A+B)C+D)

d. none of the above

Slide Set 5 ELEC2103
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2. The truth table shown is for

Slide Set 5

a. a NAND gate
b. a NOR gate
c. an exclusive-OR gate

d. an exclusive-NOR gate

ELEC2103

Inputs | Output

PP OO
R OR O

RPOOR

20

3. An LED that should be ON is
a. LED-1
b. LED-2
c. neither
d. both

Slide Set 5 ELEC2103
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4. To implement the SOP expression X = ABC + ABD + BDE,

the type of gate that is needed is a

Slide Set 5

a. 3-input AND gate
b. 3-input NAND gate
c. 3-input OR gate

d. 3-input NOR gate

ELEC2103

mojm Ow> OwW>|

g

00

22

5. Reading the Karnaugh map, the logic expression is

a. AC+AB
b. AB+AC
c.AB+BC
d.AB+AC

Slide Set 5 ELEC2103

© €
AB| 1
AB| 1 1

23

6. The circuit shown will have identical logic out if all
gates are changed to

Slide Set 5

a. AND gates A

b. OR gates B:D

c. NAND gates

d. NOR gates

ELEC2103

24
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7. The two types of gates which are called universal gates

are
a. AND/OR
b. NAND/NOR
c. AND/NAND
d. OR/NOR
Slide Set 5 ELEC2103 2

8. The circuit shown is equivalent to an
a. AND gate

b. XOR gate ’ E LDO_ED‘F
c. OR gate e4] »I

d. none of the above

Slide Set 5 ELEC2103 26

9. The circuit shown is equivalent to
a. an AND gate

A
e %D@%
c. an OR gate B

d. none of the above

Slide Set 5 ELEC2103 27

10. During the first three intervals for the pulsed circuit
shown, the output of

a.Glis LOW and G2 is LOW
b. G1is LOW and G2 is HIGH
c. G1lis HIGH and G2 is LOW
d. G1is HIGH and G2 is HIGH

o O @ >

Slide Set 5 ELEC2103 28
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Digital Electronics

Functions of Combinational Logic

Half-Adder

Basic rules of binary addition are performed by a
half adder, which has two binary inputs (A and IS | @S

B) and two binary outputs (Carry out and Sum). A
The inputs and outputs can be summarized on a o118 1
truth table. 1111 0

The logic symbol and equivalent circuit are:

5 P

A DO

Cout
—B Cou— B

Slide Set 6 ELEC2103

Full-Adder

By contrast, a full adder has three binary o
inputs (A, B, and Carry in) and two binary g 8 g’ 8 2
outputs (Carry out and Sum). The truth table 010| 0 1
summarizes the operation. 01110
100| 0 1
A full-adder can be constructed from two 101 1 o
half adders as shown: 110510
11 1)1 1

A_—1A 2 )} A 2 z Sum

)
B—1B Cul —B Cu A
I} =
Cin c, ™

Cout

o Symbol
Slide Set 6 ELEC2103

0—1B C

Full-Adder T 1 s o sum
For the given inputs, determine

1—A z
the intermediate and final outputs )
of the full adder.

Cout
The first half-adder has inputs of 1 and 0;
therefore the Sum =1 and the Carry out = 0.

1

The second half-adder has inputs of 1 and 1; therefore the
Sum =0 and the Carry out = 1.

The OR gate has inputs of 1 and 0, therefore the final carry
out=1.

Slide Set 6 ELEC2103

Full-Adder

Notice that the result from the previous example can be
read directly on the truth table for a full adder.

Inputs Qutputs

ABG|C, =
= Sum
000|0 0 1Al WEsll
0010 1
010|0 1 0 1
0 1 1 1 0 OiB cuul* B Cuul
10 1
0 1| 1 0 1
11010
11 1)1 1 1
Slide Set 6 ELEC2103

Parallel Adders

Full adders are combined into parallel adders that can add binary
numbers with multiple bits. A 4-bit adder is shown.

A4 B4 A3 B3 A2 B2 Al BL
ﬁco
ABc||[aBc,||[aBC] | [ABC,
Cu = Couu  Z Couu 2 Cu =
Aol TE T
X4 23 X2 21

The output carry (C,) is not ready until it propagates through all of the
full adders. This is called ripple carry, delaying the addition process.

Slide Set 6 ELEC2103 6
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Parallel Adders

The logic symbol for a 4-bit parallel adder is shown. This 4-bit adder
includes a carry in (labeled (C,) and a Carry out (labeled C,).

- 1 z 1 )
Binary \ —2 2 ‘ 4-bit
number A | 7‘31 i— ‘ sum
- 1 7
Binary ‘ —2
numberB | —3
L—4
Input Output
carry ) C. carry

The 74L.S283 is an example. It features look-ahead carry, which adds
logic to minimize the output carry delay. For the 74L.S283, the
maximum delay to the output carry is 17 ns.

Slide Set 6 ELEC2103 7

The function of a comparator is to compare the magnitudes of two
binary numbers to determine the relationship between them. In the
simplest form, a comparator can test for equality using XNOR gates.

How could you test two 4-bit numbers for equality?

AND the outputs of four XNOR gates.
AL
Bl

A2
B2 Output

A3
B3

A4
B4

Slide Set 6 ELEC2103 8

IC comparators provide outputs to indicate which of the numbers is
larger or if they are equal. The bits are numbered starting at 0, rather
than 1 as in the case of adders. Cascading inputs are provided to
expand the comparator to larger numbers.

TRAUTH TABLE

COMBARING MBUTS Pt outEUTE

Aaly Axlz At Axlp |4 s Mew 8 as Oa.s

s o™
Agrlly 0] ® M)
Al x x x L " L
ey x x x| n h
ComP fart X% % b
20— B SR R
Al— L p o S
A2 — AygeBy oL f "
A3 3 ::j:z : ‘I : : " M s HERH Laval
o5 R L
Cascading [ A>B A>BI——) i N T
inputs ) ] A=B A=B_— [ Outputs
l——A<B A<B—
BO— 0
BL | |B i
B The IC shown is the
B3—3 4-bit 74L.S85.
Slide Set 6 - ELEC2103 .

IC comparators can be expanded using the cascading inputs as
shown. The lowest order comparator has a HIGH on the A = B input.

LSBs MSBs

A0 0 COMP Ad o COMP

Al—— A5 ——

A2—— [A as— [A

A3—— 3 A7T—3
—1A>B A>B A>B A>Bi\‘

+5.0V A=B A=B A=B A=B ( Outputs

>—A<B A<B A<B A<B[—~

BO_| o B4

Bl_| | B B5. B

B2_ | | B6.

B3. 3 B7—__|3

Slide Set 6 ELEC2103 10

A decoder is a logic circuit that detects the presence of a specific
combination of bits at its input. Two simple decoders that detect the
presence of the binary code 0011 are shown. The first has an active
HIGH output; the second has an active LOW output.

AO A0

AL X AL X
A2 A2

A A3

Active HIGH decoder for 0011 Active LOW decoder for 0011

Slide Set 6 ELEC2103 1

Assume the output of the decoder shown is a
logic 1. What are the inputs to the decoder?

A=

A2 =
A3

Slide Set 6 ELEC2103 12
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IC decoders have multiple outputs to decode any
combination of inputs. For example the binary-to-decimal
decoder shown here has 16 outputs — one for each
combination of binary inputs.

Bin/Dec .
. L
For the input shown, 1b—
what is the output? 2B
4 p—
1 A 5 P
o |, 6p—
4-bit binary Ay 70— Decimal
input 1 Ay 8 p— outputs
9p—
1 As 10 p—
1p—
12pP—
13 P—
14 P—
15 P—
Slide Set 6 ELEC2103 13

Decoders
XIY

A specific integrated circuit f:
decoder is the 74HC154 (shown as 2p—
a 4-to-16 decoder). It includes two j°
active LOW chip select lines which ] F—
must be at the active level to enable ’;017; M
the outputs. These lines can be used |4 8b
to expand the decoder to larger A3——8 S
inputs. il
12p——
13p——
14p——o
Cs1 T‘ 15b
C2—d [N
74HC154
Slide Set 6 ELEC2103

Decoders BCDIDEC | (1)

BCD-to-decimal decoders accept a binary Ao
coded decimal input and activate one of ten AL 7|
possible decimal digit indications. AZ o

312 |

RS
=N,
QT\‘ET\“/‘”

Assume the inputs to the 74HC42
decoder are the sequence 0101, 0110,
0011, and 0010. Describe the output.

=

© 00 N Us WN RO
= TC

T4HC42

All lines are HIGH except for one active output, which
is LOW. The active outputs are 5, 6, 3, and 2 in that
order.

Slide Set 6 ELEC2103 15

BCD Decoder/Driver

Another useful decoder is the 74LS47. This is a BCD-to-
seven segment display with active LOW outputs.

Vcc
‘(1e>
BCD/7-se:
The a-g outputs are arneo b @ 5iRE0
designed for much P ab (13 -
higher current than most o ! b2
. BCD | 2 ¢ b | outputs
devices (hence the word inputs‘ % 4 G a0 |toseven
driver in the name). O g b (@ | scoment
— g evice
r_6 i1 fh (15
@ﬂo RBI g ﬂ
741847 | (8)
GND

Slide Set 6 ELEC2103

BCD Decoder/Driver

Here the 7447A is an connected to an LED seven segment
display. Notice the current limiting resistors, required to
prevent overdriving the LED display.

+5.0V

10k X
741847 |16 J 8oV
s BCD/7-seg
s IS
9BIRBO  p
% RBI @
p 6IA d
BCD‘ 2B e
|nput<‘ 1¢c f
\ 7 p [*)

Slide Set 6 ELEC2103 17

BCD Decoder/Driver

The 74L.S47 features leading zero suppression, which
blanks unnecessary leading zeros but keeps significant
zeros as illustrated here. The BI/RBO output is connected
to the RBT input of the next decoder.

0 0000 0 0000 0 0011

REILT 842 1 REILT 84 21
741547 741847
gfedcba gfedchba

1 0000
LI

RBILT 84 2 1

741847
gfedcba Bi

741547

gfedchba

I
L

Depending on the display type, current
limiting resistors may be required.

Blanked Blanked

Slide Set 6 ELEC2103
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BCD Decoder/Driver

Trailing zero suppression blanks unnecessary trailing
zeros to the right of the decimal point as illustrated here.
The RBI input is connected to the BI/RBO output of the
following decoder.

0000

I

ReILT 8 421

741547 741547

gfedcba B gfedcba Bl

.
Decimal Blanked Blanked
point

Slide Set 6 ELEC2103
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An encoder accepts an active logic level on one of its
inputs and converts it to a coded output, such as BCD or
binary.

The decimal to BCD is an encoder ! A0
with an input for each of the ten 2 ]

decimal digits and four outputs that 3 ! \ AL
represent the BCD code for the active =
digit. The basic logic diagram is
shown. There is no zero input
because the outputs are all LOW
when the input is zero.

) A2

T
S

© ~ouIs

Slide Set 6 ELEC2103 20

Show how the decimal-to-BCD encoder converts the
decimal number 3 into a BCD 0011.

The top two OR gates have ones as indicated with
the red lines. Thus the output is 0111.

The 74HC147 is an example of an IC encoder. It is has ten
active-LOW inputs and converts the active input to an
active-LOW BCD output. Vee

(16)

This device offers additional (_an JHERIEEE
10 Lo flexibility in that it is a priority T2,
2 0 encoder. This means that if more B g3 1@
3 1 than one input is active, the one  pocig | 4(;) °‘; 20| gep
) AL with the highest order decimal input | @) ¢ 4 o—% ‘ output
40 0 digit will be active. —@ 4 8o
2 g ) A2 —6) gg
7 — (19 4
g0 0
A3 74HC147 ‘(S)
ot The next slide shows an application ... GND
Slide Set 6 ELEC2103 21 Slide Set 6 ELEC2103 22
Vee
Encoders Code converters
Ry Rg Ro
Keyboard BB There are various code converters that change one code to
encoder O 5 D another. Two examples are the four bit binary-to-Gray
Zr Zm Zn ] converter and the Gray-to-binary converter.
i i g 2B
41% n giy N o ptementof Show the conversion of binary 0111 to Gray and back.
¢ { —J : LsB
%Rl Ry R 74HC147
11)» 2°F 3Tk
I Cl
?‘3 The zero line is not needed by the
i?F encoder, but may be used by other MSB
s circuits to detect a key press. Binary-to-Gray Gray-to-Binary
Slide Set 6 ELEC2103 23 Slide Set 6 ELEC2103 24
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Multiplexers

A multiplexer (MUX) selects one data line from two or
more input lines and routes data from the selected line to
the output. The particular data line that is selected is

determined by the select inputs.

Demultiplexers

A demultiplexer (DEMUX) performs the opposite function
from a MUX. It switches data from one input line to two or
more data lines depending on the select inputs.

The 74LS138 was introduced

the even parity output.

Slide Set 6 ELEC2103

7415280

29

. MUX previously as a decoder but can also DEMUX [V S
Two select lines are shown Data | S0 Y 0} serve as a DEMUX. When Data —A, v
?ere :jo choose any of the select . SL—— 1 connected as a DEMUX, data is et ﬁ‘ e—
our data inputs. o0 , Data applied to one of the enable inputs, 2 Y.p— ouatpauts
Dl output and routed to the selected output Ensble —1G. Y.p—
:I)ftjls“ D2 line depending on the select ot ——31Gae \Y(SC
Which data line is selected P D3|, variables. Note that the outputs are P G, 7
if 5,5, = 10? D2 active-LOW as illustrated in the .
following example... 7415138
Slide Set 6 ELEC2103 25 Slide Set 6 ELEC2103 26
AT
- A :
Demultiplexers — Parity Generators/Checkers
. ine tl iven tl A ] P 't' detecti thod that
etermine the outputs, given the G — arity 1S an error detection metho a
puts shown. Gl LOWI—! uses an extra bit appended to a group of
A bits to force them to be either odd or
utput logic is opposite to the input G, LOW even. In even parity, the total number of
because of the active-LOW convention. (Red ones is even; in odd parity the total
shows the selected line). Y, P Yy
number of ones is odd.
DEMUX Y,
Data — A, Ve Y. . .
select ——— A, I P 2 The ASCII letter S is 1010011. Show the parity
nes ——A, L Dua Y bit for the letter S with odd and even parity.
Y, parity
. | — outputs Y4
_E”aﬁ'e —den, P Y, S with odd parity = 11010011
inputs A o—— R N
e N Y, S with even parity = 01010011
745138 Y,
Slide Set 6 ELEC2103 27 Slide Set 6 ELEC2103 28
Selected Key Terms
Parity Generators/Checkers
The 74L.S280 can be used to generate a parity bit or to Full-adder A digital circuit that adds two bits and an input
check an incoming data stream for even or odd parity. carry bit to produce a sum and an output carry.
tChgi)K‘:fiTT#e 74L828t0 Cta“ _tIGISt COdEISIWLth up Cascading Connecting two or more similar devices in a
(0] Its. € even output will normally be s .
HIGH if the data lines have even parity; o manner that expands the capability of one device.
otherwise it will be LOW. Likewise, the odd @ Ripple carr . s :
output will normally be HIGH if the data lines ao | PP Y A method of binary addition in Wh'(_:h the output
have odd parity; otherwise it will be LOW. pas | Iﬁ; o O £yen carry frorr_l each adder becomes the input carry of
inputs | 37| O odd the next higher order adder.
Generator: To generate even parity, the parity | Look-ahead
bit is taken from the odd parity output. To Sw A method of binary addition whereby carries from
generate odd parity, the output is taken from ! carry

the preceding adder stages are anticipated, thus
eliminating carry propagation delays.
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Decoder
Encoder

Priority
encoder

Multiplexer
(MUX)

Demultiplexer
(DEMUX)

Selected Key Terms

A digital circuit that converts coded information into
a familiar or noncoded form.

A digital circuit that converts information into a
coded form.

An encoder in which only the highest value input

digit is encoded and any other active input is ignored.

A circuit that switches digital data from several input
lines onto a single output line in a specified time
sequence.

A circuit that switches digital data from one input
line onto a several output lines in a specified time
sequence.

1. For the full-adder shown, assume the input bits are as
shown with A=0, B =0, Cin=1. The Sum and C will be

a.Sum=0Cout=0
b.Sum=0Cout=1 o |o %3 Az s sum

c.Sum=1Cout=0 B, ‘
d.Sum=1Cout=1 . j

2. The output will be LOW if

a.A<B ~
b.A>B Bl
A2

c. both aand b are B2 Output
correct gg
dA=B éi

3. If you expand two 4-bit comparators to accept two 8-bit
numbers, the output of the least significant comparator is

a. equal to the final output

b. connected to the cascading inputs of the most
significant comparator

c. connected to the output of the most significant
comparator

d. not used

4. Assume you want to decode the binary number 0011 with
an active-LOW decoder. The missing gate should be

a.
b.
C.
d.

an AND gate 20
an OR gate AL

1
a NAND gate 2o
a NOR gate A3

5. Assume you want to decode the binary number 0011 with
an active-HIGH decoder. The missing gate should be

a. an AND gate A0

b. an OR gate Al 9 X

c. a NAND gate pa— o | L—
A

d. a NOR gate
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6. The 74138 is a 3-t0-8 decoder. Together, two of these ICs
can be used to form one 4-to-16 decoder. To do this, connect

a. one decoder to the LSBs of the input; the other
decoder to the MSBs of the input

b. all chip select lines to ground
c. all chip select lines to their active levels

d. one chip select line on each decoder to the input MSB

7. The decimal-to-binary encoder shown does not have a

zero input. This is because

a. when zero is the input,
all lines should be LOW

b. zero is not important

c. zero will produce
illegal logic levels

d. another encoder is used
for zero

8. If the data select lines of the MUX are S1S0 = 11, the
output will be

a. LOW
MUX
b. HIGH pata ( 010}
select- ST L
c. equal to DO Do 0 | Daa
D1 output
d. equal to D3 Data Dzii
mputs‘
\D3—3

9. The 74138 decoder can also be used as

a. an encoder

b. a DEMUX

c.a MUX

d. none of the above

10. The 74L.S280 can generate even or odd parity. It can
also be used as

a. an adder

b. a parity tester
c.aMUX

d. an encoder

© 2009 Pearson Education
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Digital Electronics

Latches, Flip-Flops, Timers

A latch is a temporary storage device that has two stable

states (bistable). It is a basic form of memory.

The S-R (Set-Reset) latch is the most basic type. It can be constructed
from NOR gates or NAND gates. With NOR gates, the latch responds to
active-HIGH inputs; with NAND gates, it responds to active-LOW inputs.

SR latch operation R §
SR Actlon Q Q
oo Keep state
o1 Q=0
10 a=1 = -
1)1 Restrcted combinabon | S Q B Q
ds ok NOR Active-HIGH Latch NAND Active-LOW Latch

e L] o

The symbol for &2
0 53 laten

Slide Set 7 ELEC2103

SR latch operation
SH Action
00 | Restricted combination
0 1Q=1
10Q=0

11| Keop state
5 q
R

Symbolforan &1
SR NAND latch

The active-HIGH S-R latch is in a stable (latched) condition

The active-LOW S-R latch is in a stable (latched) condition

Slide Set 7

ELEC2103

Slide Set 7 ELEC2103

when both inputs are LOW. when both inputs are HIGH.
Assume the latch is initially RESET o1, Assume the latch is initially RESET 1LI"1 § o1,
(Q =0) and the inputs are at their Latch (Q = 0) and the inputs are at their o Latch
inactive level (0). To SET the latch initially inactive level (1). To SET the latch initially
(O =1), amomentary HIGH signal 1o RESET (O =1), amomentary LOW signal RESET
is applied to the S input while the R [ ¢ Y is applied to the S input while the R 1 Oé
remains LOW. remains HIGH. R
10 15
To RESET the latch (0 = 0), a 0 To RE.SET the latch a rgqmentary S 10 0
. . Latch LOW is applied to the R input
momentary HIGH signal is Lak hile S is HIGH Latch
applied to the R input while the S initially Wt > 18 ) initially
remains LOW. 01— SET Never apply an active set and o1 _ SET
reset at the same time (invalid). 1riz—o 0
Slide Set 7 ELEC2103 Slide Set 7 ELEC2103 4
The active-LOW S-R latch is available as the 74LS279A IC. A gated latch is a variation on the basic latch.
It features four internal latches with QUAD SR LATCHES The gated latch has an additional S —
two having two S inputs. To SET any @ e input, called enable (EN) that must 0
of the latches, the S line is pulsed low. @ o @ 10 be HIGH in order for the latch to .
It is available in several packages. _ M R respond to the S and R inputs. B
S-R latches are frequently used for ©® |, o Show the Q output with 0
switch debounce circuits as shown: ©) n 20 relation to the input signals. R
Vee o Assume Q starts LOW.
5% g © 3 Keep in mind that S and R are only active when EN is HIGH.
—lqsw 2 30
_ 0 g g N
2l Isfs [ ¢ J; 7L (49 | s . R W
= 4
L /1‘0 '4RO R Il’xzzilzion ;’ol(s)ulion (14) 4R Q EN
D
T4LS279A 9
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The D latch is an variation of the S-R latch but combines
the S and R inputs into a single D input as shown:

P 1D 0 b —9
EN‘{ EN
PO 0 0
A simple rule for the D latch is:
O follows D when the Enable is active.

Slide Set 7 ELEC2103

The truth table for the D latch summarizes its operation. If
EN is LOW, then there is no change in the output and it is

latched.
Inputs Qutputs
D EN | Q Q |Comments

0 1 0 1 RESET
1 1 1 0 | SET
X 0 | @ @ | Nochange

Slide Set 7 ELEC2103

—o @
~|EN
Determine the O output for the
D latch, given the inputs shown. e
) | [ [
| I
| | o
L 2 ]

Notice that the Enable is not active during these times, so
the output is latched.

Slide Set 7 ELEC2103

A flip-flop differs from a latch in the manner it changes
states. A flip-flop is a clocked device, in which only the
clock edge determines when a new bit is entered.

The active edge can be positive or negative.

) 0 ) 0

5 /O (
Dynamic 4‘/0 o— ¢ o—
input
indicator (a) Positive edge-triggered (b) Negative edge-triggered
Slide Set 7 ELEC2103 10

The truth table for a positive-edge triggered D flip-flop
shows an up arrow to remind you that it is sensitive to its
D input only on the rising edge of the clock; otherwise it is
latched. The truth table for a negative-edge triggered D
flip-flop is identical except for the direction of the arrow.

Inputs Outputs Inputs Outputs

Q | Comments

SET
RESET

=
—
=

ENS)

(a) Positive-edge triggered (b) Negative-edge triggered

Slide Set 7 ELEC2103

"

The J-K flip-flop is more versatile than the D flip flop. In
addition to the clock input, it has two inputs, labeled .J and
K. When both J and K = 1, the output changes states
(toggles) on the active clock edge (in this case, the rising

edge).

No change
RESET
SET
Toggle

Slide Set 7 ELEC2103 12
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Determine the Q output for the J-K
flip-flop, given the inputs shown.

Notice that the outputs change on the leading edge of the clock.

CLK

K 0—0

Set Toggle Set Latch
ax_| | [ [ 1 [
) [
k | ] \ [
Q
Slide Set 7 ELEC2103

A D-flip-flop does not have a toggle mode like the J-K flip-
flop, but you can hardwire a toggle mode by connecting O
back to D as shown. This is useful in some counters as you
will see in Chapter 8.

D — 0
For example, if Q is LOW, Q is
HIGH and the flip-flop will toggle
on the next clock edge. Because the
flip-flop only changes on the active
edge, the output will only change
once for each clock pulse.

CLK > CLK
e

D flip-flop hardwired for
atoggle mode

Slide Set 7 ELEC2103 14

Synchronous inputs are transferred in the triggering edge
of the clock (for example the D or J-K inputs). Most flip-
flops have other inputs that are asynchronous, meaning
they affect the output independent of the clock.

PRE
Two such inputs are normally labeled J)
preset (PRE) and clear (CLR). These 1, 0
inputs are usually active LOW. A J-K
flip flop with active LOW preset and — >cClK
CLR is shown.
—1 o—10
T
CLR

Slide Set 7 ELEC2103

PRE
L
Flip-flops J 0
CLK
Determine the Q output for the J-K — 5
flip-flop, given the inputs shown. 7
CLR
Set Toggle Set Reset Toggle Latch
ok [ ] ] [ 1 [ 1
) | [ ]
K ‘ Set ‘ ‘ L
PRE Reset
i ]
0 |
Slide Set 7 ELEC2103
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Flip-flop Characteristics

Propagation delay time is specified for the rising and
falling outputs. It is measured between the 50% level of the
clock to the 50% level of the output transition.

50% point on triggering edge

CLK x \ CLK f‘ 50% point \
i

0 «— 50% point on LOW-to- o] i 50% point on “IG\I I-to-
HIGH transition of Q I

( ) P
. .
il ohl!

The typical propagation delay time for the 74AHC family (CMOS)
is 4 ns. Even faster logic is available for specialized applications.

Slide Set 7 ELEC2103

Flip-flop Characteristics

Another propagation delay time specification is the time
required for an asynchronous input to cause a change in the
output. Again it is measured from the 50% levels. The
74AHC family has specified delay times under 5 ns.

PRE 50% point
)
|
I
0 } 50%
! } point

[} I
Itphl!

CLR 50% point
]
|
|
|

tlh'

Slide Set 7 ELEC2103 18
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Slide Set 7

Flip-flop Characteristics

Set-up time and hold time are times required before and
after the clock transition that data must be present to be
reliably clocked into the flip-flop.

L . D f
Setup time is the minimum —
time for the data to be present oA

before the clock.

Set-up time, s

Hold time is the minimum time ~ ° N
for the data to remain after the CLK ; \
clock. 1o A
Hold time, th
ELEC2103 19

Flip-flop Characteristics

Other specifications include maximum clock frequency,
minimum pulse widths for various inputs, and power
dissipation. The power dissipation is the product of the
supply voltage and the average current required.

A useful comparison between logic families is the speed-power

product which uses two of the specifications discussed: the average
propagation delay and the average power dissipation. The unit is energy.

What is the speed-power product for 74AHC74A?
Use the data from Table 9-5 to determine the answer.

From Table 9-5, the average propagation delay is 4.6 ns.
The quiescent power dissipated is 1.1 mW. Therefore, the
speed-power product is 5 pJ

Slide Set 7 ELEC2103
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Flip-flop Applications ﬁi‘éi’ut

¥
. . . — & Foo
Principal flip-flop applications are for 1 ¢
temporary data storage, as frequency .
dividers, and in counters (later). o
i
Typically, for data storage applications, T 9
a group of flip-flops are connected to Parallel data L7t
parallel data lines and clocked together.  input lines \ |
Data is stored until the next clock pulse. o |93
Clock —+—c
Clear *«j
ELEC2103 21

Flip-flop Applications

For frequency division, it is simple to use a flip-flop in
the toggle mode or to chain a series of toggle flip flops to

continue to divide by two. HIGH HIGH
One flip-flop will divide f;,
: - J O I O fout

by 2, two flip-flops will

divide f;, by 4 (and so on). fin CLK CLK

A side benefit of frequency

division is that the output K K

has an exact 50% duty fin
Y Ly Oy I

cycle. I R T

Waveforms: S
ot ——4
Slide Set 7 ELEC2103
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The one-shot or monostable multivibrator is a device
with only one stable state. When triggered, it goes to
its unstable state for a predetermined length of time,

then returns to its stable state. v
. Rext Cext
For most one-shots, the lfangth of 'Flme /v P 0
in the unstable state (¢,,) is determined RX/CX
by an external RC circuit. Trigger
— 0
Trigger ﬂ
0
PR
ELEC2103 23

Non-retriggerable one-shots do not respond to any
triggers that occur during the unstable state.

Retriggerable one-shots respond to any trigger, even if
it occurs in the unstable state. If it occurs during the
unstable state, the state is extended by an amount
equal to the pulse width.

Retriggerable one-shot:

Trigeer | | [l [1

[ -

Retriggers
o [ L

|
‘4— tw 4>{

Slide Set 7 ELEC2103
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Nr. Name Purpose
GND  Ground, kow kewel (0V)
TRIG A shon pulse high-to-low on the trigger stans the tmer

The 555 timer
QUT  Dwring a timing interval, the output stays at +Vee

1
2
3
One-ShOtS The 555 timer can be 4 |RESET A timing interal can be internupted by applying a reset pulse to low (0V)
. . 5 |CTRL  Control voltage allows access to the intemal voltage divider (273 Vizz)
. . . . Conﬁg}lred ll:l various & THR The threshold at which the interval ends (it ends if U.thr — 273 Vec)

An application for a retriggerable one-shot is a power ways, including as a one- 7 0 Connscisdto s cspacitr whoss dischargs tims wil nfusncs th timing manl
failure detection circuit. Triggers are derived from the shot. A basic one shotis ~ *
ac power source, and continue to retrigger the one shown. The pulse width is
shot. In the event of a power failure, the one-shot is determined by R,C, and is e

not triggered and an alarm can be initiated. approximately #, =
In3)R,C, = 1.IR,C,

W+, Ve The positive supply voltage which must be between 3 and 15V

Missing trigger
due to power

?I(:I: :\(1 ﬂ ﬂ failure

Triggers

RESET Ve
DISCH

. . 3]
The triggerisa THRES  ouT Lo
Q J - JRetriggcri - Retriggers . Power failure indication nelgative.going | | - RIG cont ®) = 1-1R|C1
) ulse.
Li w 4" p c GNDU)
1
o I~ 1
Slide Set 7 ELEC2103 25 Slide Set 7 ELEC2103 26

Wolts

The 555 timer ;
The 555 timer
Determine the pulse width for the circuit shown.
The 555 can be configured as a basic
astable, multivibrator with the circuit
. shown. In this circuit C, charges .
3V through R, and R, and discharges The nigh tms rom each puse 15 gven by

high =In(2)- (Rl + R2).C
through Only Rz- The OutPUt frequency e ang m.-_:.;wunu- m[.n.).-.-u:{h |||::-::—|:: !p\!']n by

t,=1.1R,C, = 1.1(10 kQ)(2.2 uF) = 24.2 ms

I IR @ e o 5
| Trigper Signal ! is given by low = In(2)- R2-C
| RESET Ve 1.44 1
| : DISCH f=—
| @ _I_L (R+2R)C
Capacitor Voltage THRES our—™
! =1.1R
| RIG cont 2 fw € The frequency and duty cycle ®
GND are set by these components.
Output Pulse 11) I ﬁ
Time 1
Slide Set 7 ELEC2103 27 Slide Set 7 ELEC2103 28

Selected Key Terms

The 555 timer

Given the components, you can read the frequency from Latch A bistable digital circuit used for storing a bit.

the chart. Alternatively, you can use the chart to pick Bistable Having two stable states. Latches and flip-flops are
components for a desired frequency. . bistable multivibrators.
v [ Clock A triggering input of a flip-flop.
1 X @ ®
. 1 o[FESET Vee D flip-flop A type of bistable multivibrator in which the
g G, g, %, o, e o , output assumes the state of the D input on the
= o1 R, THRES  our |B— . )
S r triggering edge of a clock pulse.
0.01 c @ TRIG CONT ﬁ
| GND. i . .
T ) T J-K flip-flop A type of flip-flop that can operate in the SET,

\\H

10 10 100 10k 10k 100k
[ (Hz)

Slide Set 7 ELEC2103 29 Slide Set 7

0.001
0.1

RESET, no-change, and toggle modes.

ELEC2103 30
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Propagation
delay time

Set-up time

Hold time

Timer

Registered

Slide Set 7

Selected Key Terms

The interval of time required after an input signal
has been applied for the resulting output signal to
change.

The time interval required for the input levels to be
on a digital circuit.

The time interval required for the input levels to
remain steady to a flip-flop after the triggering
edge in order to reliably activate the device.

A circuit that can be used as a one-shot or as an
oscillator.

A CPLD macrocell output configuration where the
output comes from a flip-flop.

ELEC2103 31

1. The output of a D latch will not change if
a. the output is LOW
b. Enable is not active
c. Dis LOW
d. all of the above

Slide Set 7 ELEC2103
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2. The D flip-flop shown will
a. set on the next clock pulse
b. reset on the next clock pulse
c. latch on the next clock pulse

d. toggle on the next clock pulse

Slide Set 7

CLK > CLK

ELEC2103 33

3. For the J-K flip-flop shown, the number of inputs that
are asynchronous is

! PRE

a. J}
b.2 — —9

c. 3 ——CLK
d. 4 Kk P

T

CLR

Slide Set 7 ELEC2103
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4. Assume the output is initially HIGH on a leading edge
triggered J-K flip flop. For the inputs shown, the output
will go from HIGH to LOW on which clock pulse?

a. 1
b.2
c.3
d. 4

Slide Set 7

CLK ] 1
’ I I R N
K I— [
1 2 3 4
ELEC2103 35

5. The time interval illustrated is called

a. tPHL

50% point on triggering edge
\
\

b. fPLH .

c. set-up time

d. hold time

0| swipomontowio

i : HIGH transition of O
9

Slide Set 7 ELEC2103
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6. The time interval illustrated is called

a. (PHL
b. (PLH D
c. set-up time CLK
d. hold time

Slide Set 7 ELEC2103
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7. The application illustrated is a

a. astable multivibrator HIGH HIGH
b. data storage device ‘
J O b G——
c. frequency multiplier |
/ CLK CLK
d. frequency divider . .
Slide Set 7 ELEC2103 38

8. The application illustrated is a
a. astable multivibrator
b. data storage device
c. frequency multiplier

d. frequency divider

I to

Parallel data / mTe

. o .

input lines \ | L
- O

Clock —+—=c

9. A retriggerable one-shot with an active HIGH output has
a pulse width of 20 ms and is triggered from a 60 Hz line.
The output will be a

a. series of 16.7 ms pulses
b. series of 20 ms pulses
c. constant LOW

d. constant HIGH

Clear ———
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10. The circuit illustrated is a e
a. astable multivibrator L
R @ ®
. . 1

b. monostable multivibrator [RESET Ve

) piscy
c. frequency multiplier R, O\ rires  our |

d. frequency divider

Slide Set 7 ELEC2103

®
—0
®)
«—TRIG CONT
G| GND
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Digital Electronics

Counters

Counting in Binary

As you know, the binary count sequence follows a
familiar pattern of 0’s and 1’s as described in
Section 2-2 of the text.
000 LSB changes on every
004 number.

oo The next bit changes
01g

on every other number.
00

0Q
10
11

The next bit changes on
every fourth number.

Slide Set 8 ELEC2103

Counting in Binary

A counter can form the same pattern of 0’s and 1’s with
logic levels. The first stage in the counter represents the
least significant bit — notice that these waveforms
follow the same pattern as counting in binary.

tse 0 J1 [o 1] of1]of 1|

Slide Set 8 ELEC2103

Three bit Asynchronous Counter

In an asynchronous counter, the clock is applied only to
the first stage. Subsequent stages derive the clock from
the previous stage.

The three-bit asynchronous counter shown is typical. It uses J-K
flip-flops in the toggle mode.

HIGH

Waveforms are on the following slide...

Slide Set 8 ELEC2103

Three bit Asynchronous Counter

Notice that the Q, output is triggered on the leading edge of
the clock signal. The following stage is triggered from Q,. The
leading edge of Q, is equivalent to the trailing edge of Q,. The
resulting sequence is that of an 3-bit binary up counter.

Slide Set 8 ELEC2103

Propagation Delay

Asynchronous counters are sometimes called ripple
counters, because the stages do not all change together.
For certain applications requiring high clock rates, this is
a major disadvantage.
Notice how delays ~ °¢ JrbJzL Jsl el ..
are cumulative as Q I |
each stage ina o
counter is clocked -

later than the Q -
previous stage.

N
Qo is delayed by 1 propagation delay, Q- by 2 delays and Q- by 3 delays.

Slide Set 8 ELEC2103
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Asynchronous Decade Counter

This counter uses partial decoding to recycle the count
sequence to zero after the 1001 state. The flip-flops are
trailing-edge triggered, so clocks are derived from the
Q outputs. Other truncated sequences can be obtained
using a similar technique.

HIGH—¢

T )CLR
J J
CLK H’ (¢} >C
K K
™ o

Waveforms are on the following slide...

Slide Set 8 ELEC2103

Asynchronous Decade Counter

When Q, and Q, are HIGH together, the counter is
cleared by a “glitch” on the CLR line.

CLK 1 2 3 4 5 6 7 8 9 10
I I I I I I I
Q [ S I S S e
| | Glitch

Q — N

0 |

Q L
CLR

Glitch
Slide Set 8 ELEC2103

Asynchronous Counter Using D Flip-flops

D flip-flops can be set to toggle and used as asynchronous counters by
connecting Q back to D. The counter in this slide is a Multisim
simulation of one described in the lab manual. Can you figure out the

sequence?
q LSB MSB

/

QtoDputsD [—*
flip-flop in
toggle mode

} The next slide shows the scope...

Slide Set 8 ELEC2103

CLK
LSB

MSB
CLR /

Note that it is momentarily in state 3 which causes it to clear.

The sequence is 0 — 2 — 1 — (CLR) (repeat)...

Slide Set 8 ELEC2103

The 74L.S93A Asynchronous Counter

The 74LS93A has one independent toggle J-K flip-flop
driven by CLK A and three toggle J-K flip-flops that form
an asynchronous counter driven by CLK B.

The counter can be extended to form a 4-bit counter by connecting
Q, to the CLK B input. Two inputs are provided that clear the count.

1)
ok 2
J 3 J J
(14)
CLKA ——pC B> C tC £c
K K K
Q Q Q Q

K

@

All J and K inputs | RO @) 1
s | oy 90

are connected RO (2
internally HIGH

12) ©

Slide Set 8 ELEC2103
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Synchronous Counters

In a synchronous counter all flip-flops are clocked
together with a common clock pulse. Synchronous
counters overcome the disadvantage of accumulated
propagation delays, but generally they require more
circuitry to control states changes.

This 3-bit binary HIGH

synchronous counter
has the same count
sequence as the 3-bit
asynchronous counter
shown previously.

The next slide shows how to analyze this counter by writing the logic
equations for each input. Notice the inputs to each flip-flop...

Slide Set 8 ELEC2103
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Analysis of Synchronous Counters

A tabular technique for analysis is illustrated for the counter on the
previous slide. Start by setting up the outputs as shown, then write
the logic equation for each input. This has been done for the counter.

1. Put the counter in an 2. Use the new inputs to 3. Set up the next
arbitrary state; then determine | determine the next state: Q, and | group of inputs from
the inputs for this state. Q, will latch and Q, will toggle. the current output.

| Outputs |+—————— Logic for inputs |
QQQ 5=QQ: |K=QQy [1=Q0 [Ki=Qp |J=1  [K,=1
000 0 0 0 0 1 1

001 0 0 1 1 1 1

0 1 0 ||4 Qwill latch again but both Q, and Q, will toggle. I
I

Continue like this, to complete the table.
The next slide shows the completed table...

Slide Set 8 ELEC2103
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Analysis of Synchronous Counters

| Outputs | Logic for inputs |
Q,Q:Q |3=QQ; |K=QQ; [1=Q |Ki=Qp [J=1 Ky=1
000 0 0 0 0 1 1
001 0 0 1 1 1 1
010 0 0 0 0 1 1
011 1 1 1 1 1 1
100 0 0 0 0 1 1
101 0 0 1 1 1 1
110 0 0 0 0 1 1
111 +—1| At this points all stal_tes have been accounted

for and the counter is ready to recycle... —
000 [ I I I I
Slide Set 8 ELEC2103 14

A 4-bit Synchronous Binary Counter

QAQ

CLK c —>C
K %0*’77K1 Q p— K Qp— Ks Qlo—

The 4-bit binary counter J_F_I_I_I_I_ILI_ILI_ILH_H_I_H_I
has one more AND gate e
than the 3-bit counter just o
described. The shaded Q T T
areas show where the

AND gate outputs are Q
HIGH causing the next

FF to toggle. Q L

Slide Set 8 ELEC2103
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BCD Decade Counter

With some additional logic, a binary counter can be
converted to a BCD synchronous decade counter. After
reaching the count 1001, the counter recycles to 0000.

This gate detects 1001, and causes FF3 to toggle on the next
clock pulse. FFO toggles o ry clock pulse. Thus, the count
starts over at 0000.

Slide Set 8 ELEC2103 16

BCD Decade Counter

Waveforms for the decade counter:

CLK | 1 2 | 3 4 5 6 7 8 9 10]
0 1

Q of 1 ola1fo|1|0o|1]o0
i i i i | I
I | I il | |
Q olof[1i1]olof[1i1]0ololo
T | T | T |
I I I I | I
Q@ ojojoiof1i1i111|010}0
N e e I I I +
o o |
Qo;o;o;o‘o;o;o;o 1iafo

These same waveforms can be obtained with an asynchronous
counter in IC form — the 74LS90. It is available in a dual version —
the 74L.S390, which can be cascaded. It is slower than synchronous
counters (max count frequency is 35 MHz), but is simpler.

Slide Set 8 ELEC2103
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A 4-bit Synchronous Binary Counter

The 74LS163 is a 4-bit IC synchronous counter with additional
features over a basic counter. It has parallel load, a CLR input, two
chip enables, and a ripple count output that signals when the count
has reached the terminal count.

Data inputs
b, D D. D
3) |4 |6)|(6)
E %c CTR DIV 16
LOAD — 2t
ENT (t%) TC=15 {5 RCO
ENP —
CLK c
(14) (13)|(12)[(11)
Q00 0 Example waveforms

are on the next slide...

Data outputs

Slide Set 8 ELEC2103 18
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CLR —
LOAD LT
(D [ - -
T T o T
D I I ———— - -
Data L b - -
inputs | D: | I - -
L o] I - .
i
CLK IMImm
ENP T ' |
ENT L i
S e
e Q T I I
I - e
Q- i i
Data | - !
outputs Q- ~ 1 |
JE— i
Lo |
RCO - |
|12 1314 15 0 1 2!
i i I
I
A — Count ————*}+—— Inhibit ——
Clear Preset
Slide Set 8 ELEC2103
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Up/Down Synchronous Counters

An up/down counter is capable of progressing in either
direction depending on a control input.

UP/DOWN

CLK

Example waveforms from Multisim are on the next slide...

Slide Set 8 ELEC2103 20

Up/Down Synchronous Counters

|

e}

UP/DOWN ——— Count up Count down

Slide Set 8 ELEC2103
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Up/Down Synchronous Counters

The 74HC190 is a high speed _ 74HC190 [9) @00
CMOS synchronous up/down NN 2 s
decade counter with parallel load Lm%c CTROIVI0
capability. It also has a active O
LOW ripple clock output (RCO) ©@e

and a MAX/MIN output when the Q Q Q Q Dataoutputs
terminal count is reached.

D: D: D: D: Datainputs

)

:

SER

V
o

Do D: D: D: Datainputs

The 74HC191 has the same 74HC101 |19 W00

i

i ; cTEn—&) (12)

inputs and outputs but is a 6 - MAMIN

synchronous up/down binary G- CTROVIO o

counter ok ¢ 043 _rco
BICICIE

Q: Q: Q: Q: Dataoutputs
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Synchronous Counter Design

Most requirements for synchronous counters can be met
with available ICs. In cases where a special sequence is
needed, you can apply a step-by-step design process.

The steps in design are described in detail in the text and lab manual.
Start with the desired sequence and draw a state diagram and next-
state table. The gray code sequence from the text is illustrated:

State diagram: Next state table:

Present State Next State
2 & Q@ [ 4

Q:
0
[
0
0
1
1
1
1

Slide Set 8 ELEC2103
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Synchronous Counter Design

The J-K transition table lists all combinations of present
output (Q,) and next output (Q,,,) on the left. The inputs
that produce that transition are listed on the right.

Each time a flip-flop is clocked, the

Output Flip-Flop
J and K inputs required for that Transitions Inputs
transition are mapped onto a K-map. Qu_ Qua 3 K
% ot |1 X
Anexample of &\ t 120 X 1
the J, map is: o (@ROR— o2, l—ei X0
01| 0| X
@ [9r—0eR | The logic for each input is read
00X and the circuit is constructed.
Jomap The next slide shows the circuit
for the gray code counter...
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Synchronous Counter Design

The circuit can be checked with Multisim before constructing it.
The next slide shows the Multisim result...

Slide Set 8 ELEC2103
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e}
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Cascaded counters

Cascading is a method of achieving higher-modulus counters. For
synchronous IC counters, the next counter is enabled only when
the terminal count of the previous stage is reached.

HIGH
L Counter 1 Counter 2 £
CTEN TC TEN Tol—
CTRDIV 16 CTRDIV 16

CcLK ¢ a90q ¢ aqqao
fT [[]] F ‘ ‘ ‘ ‘
a) What is the modulus of the cascaded DIV 16 counters?
b) If f,, =100 kHz, what is f,,;?
a) Each counter divides the frequency by 16. Thus the

modulus is 162 = 256.
b) The output frequency is 100 kHz/256 = 391 Hz

Slide Set 8 ELEC2103

27

Counter Decoding

Decoding is the detection of a binary number and can be
done with an AND gate.

HIGH

LA T ) * 4 ¢ 5L @
(s c C
o th
Ko Kt k2 &
K .
1 1 1
LsB MSEB

is decoded by

Slide Set 8 ELEC2103 28

Partial Decoding

The decade counter shown previously incorporates
partial decoding (looking at only the MSB and the
LSB) to detect 1001. This was possible because this is
the first occurrence of this combination in the

sequence.
Detects 1001 by looking only at two bits

HIGH

Slide Set 8 ELEC2103
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Resetting the Count with a Decoder

The divide-by-60 counter in the text also uses partial
decoding to clear the tens count when a 6\ was detected.

E CLR CTRDIV10 CIR Lq CLR CTRDIV6
RCO
HIGH CTEN TC=9 CTEN

r Cc —C
CLK. f To next

Degode 6 counter
-

| TC=59
Decates9 gt nat CTR
QG QL QAU QA QAU Q
—— A
units tens
The divide characteristic illustrated here is a good way to obtain a
lower frequency using a counter. For example, the 60 Hz power line

can be converted to 1 Hz.
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Counter Decoding

v to decode state 5 with an active LOW output.

HIGH
L et B D. ho G
c c {

ko o ko th Ky th

Notice that a NAND gate
was used to give the active
LOW output.

Slide Set 8 ELEC2103 31

Logic Symbols

Dependency notation allows the logical operation of a
device to be determined from its logic symbol.

Common
CTRDIV1E |,/ control
bbb b ﬁ © ~l5cT=0 block
0 D, D; Dy LOAD *'C M1
M2 7(15) RCO
@|@|e|© ent 42 G5
) ENP G4
E (9) CLK @ C5/2,3,4+
LOAD — -4
et O cTRDIVIE |9 .o [
@) D _ 0B 14)
ENP — ) —= 15D [1 —Q
CLK c p, @ @ COY
’uw w9fa2iay o, 1l R
o, _© T a1
Qo ’
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Selected Key Terms

Asynchronous  Not occurring at the same time.

Modulus The number of unique states through which a
counter will sequence.

Synchronous Occurring at the same time.
Terminal count The final state in a counter’s sequence.

State machine A logic system exhibiting a sequence of states or
values.

Cascade To connect “end-to-end” as when several counters
are connected from the terminal count output of
one to the enable input of the next counter.

Slide Set 8 ELEC2103 33

1. The counter shown below is an example of
a. an asynchronous counter
b. a BCD counter
c. asynchronous counter
d. none of the above

HIGH

>c

=

Slide Set 8 ELEC2103 34

2. The QO output of the counter shown
a. is present before Q1 or Q2
b. changes on every clock pulse
c. has a higher frequency than Q1 or Q2
d

. all of the above

Slide Set 8 ELEC2103 35

3. To cause a D flip-flop to toggle, connect the
a. clock to the D input
b. Q output to the D input
¢. Q output to the D input

d. clock to the preset input

Slide Set 8 ELEC2103 36
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4. The 7493A asynchronous counter diagram is shown (J’s
and K’s are HIGH.) To make the count have a modulus of
16, connect

a. Q0 to RO(1) and RO(2) to
b. Q3 to RO(1) and RO(2)

. CLK A and CLK B together
d.Q0to CLK B

Slide Set 8 ELEC2103
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5. Assume QO is LOW. The next clock pulse will cause
a. FF1 and FF2 to both toggle
b. FF1 and FF2 to both latch
c. FF1 to latch; FF2 to toggle
d. FF1 to toggle; FF2 to latch

HIGH

FFO FF1 FF2
W Q LOW N Q ho Qb—
[0} —pF C (o}
Ko Qo jo— ’>— Ki Qi jo— L K, Qo—
CLK 0
Slide Set 8 ELEC2103 38

6. A 4-bit binary counter has a terminal count of
a. 4

b. 10

c. 15

d. 16

7. Assume the clock for a 4-bit binary counter is 80 kHz.
The output frequency of the fourth stage (Q3) is

a. 5kHz
b. 10 kHz
c. 20 kHz
d. 320 kHz

Slide Set 8 ELEC2103
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8. A 3-bit count sequence is shown for a counter (Q2 is the
MSB). The sequence is

a. 0-1-2-3-4-5-6-7-0 (repeat)
b. 0-1-3-2-6-7-5-4-0 (repeat)
c. 0-2-4-6-1-3-5-7-0 (repeat)
d. 0-4-6-2-3-7-5-1-0 (repeat)

Slide Set 8 ELEC2103 40

9. FF2 represents the MSB. The counts that are being
decoded by the 3-input AND gates are

a. 2and 3 HiGH
b. 3and 6
c. 2and 5
d. 5and 6  ax-d
Slide Set 8 ELEC2103
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10. Assume the input frequency (fin) is 256 Hz. The output
frequency (fout) will be

a.16 Hz

b. 1 kHz

c. 65 kHz

d. none of the above

HIGH

L Counter 1 Counter 2 £
CTEN TC TEN Tel—

CTR DIV 16 CTRDIV 16

CLK I e o‘uo‘,o‘zog‘ F>C 90,0,
* 1]
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Digital Electronics

Shift Registers

Basic Shift Register Operations

A shift register is an arrangement of flip-flops with
important applications in storage and movement of data.
Some basic data movements are illustrated here.

Data in

1l
Data in @ Data out Dalauul-—{ -\»-\»c\» U»Da\ain ‘ +++ U-Dataom

Serial in/shift right/serial out Serial in/shift left/serial out Parallel in/serial out
Data in
- G5 0 @ '@
Data out Data out X
Serial in/parallel out ~ Parallel in/parallel out Rotate right Rotate left
Slide Set 9 ELEC2103

Serial-in/Serial out Shift Register

Shift registers are available in IC form or can be
constructed from discrete flip-flops as is shown here with a
five-bit serial-in serial-out register.

Each clock pulse will move an input bit to the next flip-
flop. For example, a 1 is shown as it moves across.

D e TP @D &

D, Q

Serial 1 Serial
data Dy Q data
input output
>C Cc C Cc >C
1
S ]
SCLKZ, ‘ ‘ ‘
R
Slide Set 9 ELEC2103

A Basic Application

An application of shift registers is conversion of serial
data to parallel form.

For example, assume the binary number 1011 is loaded
sequentially, one bit at each clock pulse.

After 4 clock pulses, the data is available at the parallel output.

s s

t 1 ; .
m AL A2 AF3

Serial X [} ] 0

data —— Dy Q D @ D; @ D; Qs

input
>c >c c c
1
Gk, <
~CLK=e ¢ .
‘)Jj\j‘
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The 74HC164A Shift Register

The 74HC164A is a CMOS 8-bit serial in/parallel out shift
register. V. can be from +2.0 VV to +6.0 V.

cR
®
CLK

Serial {A%]D
B

inputs

One of the two serial data inputs may be used as an active HIGH
enable to gate the other input. If no enable is needed, the other serial
input can be connected to V... The 74HC164A has an active LOW

asynchronous clear. Data is entered on the leading-edge of the clock.

Slide Set 9 ELEC2103

Waveforms for the 74HC164A

Sample waveforms for ~ CR | H
the 74HC164A are i
shown. Notice that B

acts as an active HIGH

(A
Serial

inputs *

ok UL L L L L L L L
enable for the data on s M e wn B
A as discussed. » ::::]—;+u*
As with CMOS 2= L
devices, unused inputs [
(o I
should always be outputs o - L

connected to a logic
level; unused outputs
should be left open. R

Slide Set 9 ELEC2103
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Parallel in/Serial out Shift Register

Shift registers can be used to convert parallel data to serial
form. A logic diagram for this type of register is shown:

DO D1 D3 D4
SHIFT/LOAD T—%>

Serial
Q3 data out

CLK

Slide Set 9 ELEC2103 7

The 74HC165 Shift Register

The 74HC165 is a CMOS 8-bit parallel in/serial out shift
register. The logic symbol is shown:

DO D1 D2 D3 D4 D5 D6 D7
(11) |(12)|(13)[(14)[ 3) |(4) [(5) | (6) 9
SHILD SRG 8 1@ o7
CLK INH—71 —

CLK(—Z) @ Ko7

The clock (CLK) and clock inhibit (CLK INH) lines are connected to a
common OR gate, so either of these inputs can be used as an active-
LOW clock enable with the other as the clock input. Data is loaded
asynchronously when SH/iLiD is LOW and moved through the register
synchronously when SH/LD is HIGH and a rising clock pulse occurs.

Slide Set 9 ELEC2103 8

The 74HC165 Shift Register

A Multisim simulation of the 74165A is shown. The word generator is
used as a source for the pattern shown in the green probes.

MSB

Qs labeled Q,
in Multisim

Pattern is loaded
when J1 is LOW

Slide Set 9 ELEC2103 9

The 74HC165 Shift Register

Here the scope is opened and you can observe the pattern. The MSB is
HIGH and is on the Q, output as soon as LOAD is LOW.

MSB

el

[
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Bidirectional Shift Register

Bidirectional shift registers can shift the data in either
direction using a RIGHT/LEFT input.

The logic analyzer simulation shows a bidirectional shift register
such as the one shown in Figure 9-19 of the text. Notice the HIGH
level from the Serial data in is shifted at first from Q, toward Q,.

% Logic Analyzer-XLA1

Time (3)
5,500 9:300m. 13100 16900 207008 24.500m.

\ 1
RIGHT/IEFT [] Shift left Shift right
Serial datain |1

o

L0 1 ) |

Q |l |

Q [l T | I

Slide Set 9 ELEC2103 1

Bidirectional Shift Register

How will the pattern change if the RIGHT/LEFT control
signal is inverted?

See display

# Logic Analyzer-XLA1

Time ()
5 300m 9300 13 100m 16.900m MWAOm 24500m

RIGHT/LEFT [ Shift right Shift left
Serial datain |

Q [ ] [EEE—

LS R | I —

Q I O S N S

Q

Slide Set 9 ELEC2103 12




Page 59 of 71

Universal Shift Register

A universal shift register has both serial and parallel
input and output capability. The 74HC194 is an example
of a 4-bit bidirectional universal shift register.

DO D1 D2 D3

@ @ |G |6

cr—Bd SRG 4
5 O
s (0
SR SER i
SL SER ™
CLK ﬁ> C

(15) |(14) |(13) |(12)

o o3 Sample waveforms are
on the following slide...

Q QL

Slide Set 9 ELEC2103
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Universal Shift Register

w Uy y

(o011

Paralll |,
data
s | 02 11

\ D3

] —
paralel | Ot 4 —
mu:MT % | — —

Lo 1

-~ Shift right ————~1  |+—— Shift left ———l-———— Inhibit ——|

Clear Load Clear

Slide Set 9 ELEC2103 14

Shift Register Counters

Shift registers can form useful counters by recirculating
a pattern of 0’s and 1’s. Two important shift register
counters are the Johnson counter and the ring counter.

The Johnson counter can
be made with a series of D
flip-flops

... or with a series of J-K
flip flops. Here Q, and Q,
are fed back to the J and K
inputs with a “twist”.

Slide Set 9 ELEC2103
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Johnson Counter

Redrawing the same Johnson counter (without the clock
shown) illustrates why it is sometimes called as a “twisted-
ring” counter.

“twist”

Slide Set 9 ELEC2103 16

Johnson Counter

The Johnson counter is useful when you need a sequence
that changes by only one bit at a time but it has a limited
number of states (2n, where n = number of stages).

The first five counts for a 4-bit Johnson counter that is

initially cleared are: CLK Q0 Q1 Q2 Q3
0 0 0 0 O
1 1 0 0 O
2 1 1 0 O
3 1 1 1 0
4 1 1 1 1

What are the remaining 3 states?

Slide Set 9 ELEC2103
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Ring Counter

The ring counter can also be implemented with either D
flip-flops or J-K flip-flops.

o 2 e J
Here is a 4-bit ring counter o al—o ol —o. ol —o of%

constructed from a series
of D flip-flops. Notice the
feedback.

Q;
o @73 @ Y2 Qs f

Like the Johnson counter,
it can also be implemented

with J-K flip flops. EKQ QK K Ptk o
L

el
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Ring Counter

Redrawing the Ring counter (without the clock shown)
shows why it is a “ring”.

The disadvantage to this counter
is that it must be preloaded with
the desired pattern (usually a
single 0 or 1) and it has even
fewer states than a Johnson
counter (n, where n = number of
flip-flops.

On the other hand, it has the
advantage of being self-decoding
with a unique output for each state.

Slide Set 9 ELEC2103 19

Ring Counter

A common pattern for a ring counter is to load it with a single 1 or a
single 0. The waveforms shown here are for an 8-bit ring counter

with a single 1.

e [t Jol [sL [sl [sL Jel [7L [sl [l fd
o

Qlf L
Q 7 ] [
Qs

Qs

o L

Qs

o I
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Shift Register Applications

Shift registers can be used to delay a digital signal by a
predetermined amount.

An 8-bit serial in/serial out shift register has a 40 MHz
clock. What is the total delay through the register?

A SRG 8 Q
Data in AE

The delay for each clock S e b
is 1/40 MHz = 25 ns

" Data out

25ns

The total delay is CLK
8 x25ns =200 ns ‘,—‘
Data in
|
' t =200 ns !
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Shift Register Applications

A UART (Universal Asynchronous
Receiver Transmitter) is a serial-to-
parallel converter and a parallel to
serial converter.

Data bis

Eutfors

Transmitter Feceser

UARTSs are commonly used in small data fegiter data tegistec
systems where one device must
communicate with another. Parallel

: CLK Transmitee oLK
data is converted to asynchronous Ll o
serial form and transmitted. The ’

Serial data out Serial data i

serial data format is:

Start | | | I I I I
gt D7 ! Do ! Ds ! Dy ! Dg ! Dp ! Dy | Do | StopBits(h) .
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Keyboard Encoder

The keyboard encoder is an example of where a ring
counter is used in a small system to encode a key press.

Two 74HC195 shift registers are connected as an 8-bit
ring counter preloaded with a single 0. As the 0
circulate in the ring counter, it “scans” the keyboard
looking for any row that has a key closure. When one is
found, a corresponding column line is connected to that
row line. The combination of the unique column and
row lines identifies the key. The schematic is shown on
the following slide...

Slide Set 9 ELEC2103 23

. SRG 4

1k

D 7aHC105
DREE

==
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Key Terms

Register  One or more flip-flops used to store and shift data.
Stage One storage element in a register.

Shift To move binary data from stage to stage within a
shift register or other storage device or to move
binary data into or out of the device.

Load To enter data in a shift register.

Bidirectional Having two directions. In a bidirectional shift
register, the stored data can be shifted right or left.

Slide Set 9 ELEC2103 25

1. The shift register that would be used to delay serial data by

Datain

4 clock periods is —
Data in
b. o @ d ﬁ
N y N ,
Data out Data out
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2. The circuit shown is a
a. serial-in/serial-out shift register
b. serial-in/parallel-out shift register
c. parallel-in/serial-out shift register
d. parallel-in/parallel-out shift register

0, o o, o,
SHIFT/LOAD j—%>

Serial
data
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3. If the SHIFT/LOAD line is HIGH, data
a. is loaded from DO, D1, D2 and D3 immediately

b. is loaded from DO, D1, D2 and D3 on the next
CLK

c. shifted from left to right on the next CLK
d. shifted from right to left on the next CLK

\wanmj—%

Dy o, Y Dy
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4. A 4-bit parallel-in/parallel-out shift register will store
data for

a. 1 clock period

b. 2 clock periods
c¢. 3 clock periods
d. 4 clock periods

Slide Set 9 ELEC2103 29

5. The 74HC164 (shown) has two serial inputs. If data is
placed on the A input, the B input

a. could serve as an active LOW enable

b. could serve as an active HIGH enable

c. should be connected to ground
d. should be left open
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6. An advantage of a ring counter over a Johnson counter is
that the ring counter

a. has more possible states for a given number of flip-flops
b. is cleared after each cycle

c. allows only one bit to change at a time

d. is self-decoding
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7. A possible sequence for a 4-bit ring counter is
a. ... 1111, 1110, 1101 ...
b. ... 0000, 0001, 0010 ...
c. ...0001, 0011, 0111 ...
d. ... 1000, 0100, 0010 ...

Slide Set 9 ELEC2103 32

8. The circuit shown is a
a. serial-in/parallel-out shift register
b. serial-in/serial-out shift register
c. ring counter
d. Johnson counter

FFO FFL FF2 FF3
Q;
L3 @31 Q—J Q|—Js Q—
—C >c (o} C
9
K @ Koo Kk @ K Qs
CLK . .
Slide Set 9 ELEC2103 33

9. Assume serial data is applied to the 8-bit shift register
shown. The clock frequency is 20 MHz. The first data bit

will show up at the output in

a. 50 ns

b. 200 ns

c. 400 ns

d. 800 ns

Data in —,—‘— —E: SRGIS & Data out

CLK K%
20 MHz c
Slide Set 9 ELEC2103 34

10. For transmission, data from a UART is sent in
a. asynchronous serial form
b. synchronous parallel form
C. can be either of the above

d. none of the above

Slide Set 9 ELEC2103 35
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Digital Electronics

Memory & Storage

Memory Units

Memories store data in units from one to eight bits. The most
common unit is the byte, which by definition is 8 bits.

I

Computer memories are organized into multiples of bytes called words.
Generally, a word is defined as the number of bits handled as one entity
by a computer. By this definition, a word is equal to the internal register
size (usually 16, 32, or 64 bits).

For historical reasons, assembly language defines a word as exactly two
bytes. In assembly language, a 32 bit entity is called a double-word and
64 bits is defined as a quad-word.

Slide Set 10 ELEC2103

The location of a unit of data in a memory is called the
address. In PCs, a byte is the smallest unit of data that can
be accessed.

In a 2-dimensional array, a byte is accessed by supplying a
row number. For example the blue byte is located in row 7.

© N DO W N
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Memory Addressing

A 3-dimensional array is arranged as rows and columns.
Each byte has a unique row and column address.

V_U_Uififihf_‘
e
a) How many bytes are e Ay
shown? f;;;;;?iﬂ?]} \}]
L = e
b) What is the location 2 J]‘]‘]‘}]]‘J
of the blue byte? 2 fofgiyt
5 Iy ]]]
6 %T}]
a) 64 B 7 il
b) Row 2, column 8 8]2345678

This example is (of course) only for illustration. Typical computer
memories have 256 MB or more of capacity.

Slide Set 10 ELEC2103

Memory Addressing

In order to read or write to a specific memory location, a
binary code is placed on the address bus. Internal decoders
decode the address to determine the specific location. Data is
then moved to or from the data bus. Read Wite

The address bus is a W (R
group of conductors with adiicss i ——
a common function. Its

size determines the Address bus

number of locations that

can be accessed. A 32 bit —
address bus can access 2%
locations, which is \ \ ”””” \ \ \
approximately 4G. Column address decoder

Memory array Data bus

Slide Set 10 ELEC2103

Memory Addressing

In addition to the address bus and data bus, semiconductor
memories have read and write control signals and chip
select signals. Depending on the type of memory, other
signals may be required.

Read Enable (RE) and Write Enable (WE) signals are sent from the
CPU to memory to control data transfer to or from memory.

Chip Select (CS) or Chip Enable (CE) is used as part of address
decoding. All other inputs are ignored if the Chip Select is not active.

Output Enable (OE) is active during a read operation, otherwise
it is inactive. It connects the memory to the data bus.

Slide Set 10 ELEC2103
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Read and Write Operations

The two main memory operations are called read and
write. A simplified write operation is shown in which new
data overwrites the original data. Data moves to the

Address register i
memory. 9! Data register
y | OLLLE
Address decoder  Byte organized memory array
o —JrfolTfol T iz
0] 1 —Jojo)zjojijolo)z
2 —J1jojojojojojof1L
Address bus 3 —Jafigafigigigolo
1. The address is placed on the 4—Jojojojojojijrjo) @
address bus. bbbl
2. Datais placed he d 6 —JLigipigigigi) Data bus
. ata is placed on the data 7 —golodololzlnzlz
bus. ®
3. Awrite command is issued. .
Write

Slide Set 10
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Read and Write Operations

The read operation is actually a “copy” operation, as the
original data is not changed. The data bus is a “two-way”
path; data moves from the memory during a read operation.

Address register Data register
LEE 1 e o o o o e e
Address decoder  Byte organized memory array
0 —J1jo0j1j0J1 41§11
) 1 —JojoJijo)ijojoL
2 —J1jojojojojojol1 ©]
Address bus 3 — §rlzgofododolol
1. The address is placed on the 4——10/0/0/0j0 10| Databus
5 —J1jojojofii1joj1
address bus. o . T
2. Aread command is issued. 7 —Jojojojotiifr)L
3. Acopy of the data is placed ®
in the data bus and shifted Read
. . eal
into the data register.
Slide Set 10 ELEC2103 8

Random Access Memory

RAM is for temporary data storage. It is read/write memory
and can store data only when power is applied, hence it is
volatile. Two categories are static RAM (SRAM) and
dynamic RAM (DRAM). s

Bits stored ina

Random-

semiconductor
latch or flip-flop

Static

RAM
(SRAM)

E—

Asynchronous
= SRAM with

(R (SB SRAM)

Access
Memory
(RAM)
| Bits stored as charge
] on a capacitor
Dynamic
RAM
(DRAM)
Synchronous. Fast Page Extended Burst
Mode Data Out EDO DRAM Synchronous
burst feature DRAM DRAM (BEDO (SDRAM!
(FPMDRAM)  (EDO DRAM) DRAM) ( )
ELEC2103 9
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Static RAM

SRAM uses semiconductor latch memory cells. The cells are
organized into an array of rows and columns.

SRAM s faster than DRAM ... (=] [ (07
but is more complex, takes il o e
up more space, and is more e e e el
expensive. SRAMs are i e D}
available in many onsosen | o [l ‘
configurations — a typical U
large SRAM is organized as
512 k X 8 bits. h e e
Slide Set 10 ELEC2103 10

Asynchronous Static RAM

The basic organization of an asynchronous SRAM is shown.

Read cycle sequence:

* A valid address is put on the
address bus

* Chip select is LOW

* Output enable is LOW

» Data is placed on the data bus
Write cycle sequence:

* A valid address is put on the
address bus

* Chip select is LOW

* Write enable is LOW

* Data is placed on the data bus

Slide Set 10

Address |
lines

Eight

input buffers
N

B
e}
|/B ¥

Memory array

256 rows x
128 columns x
8 bits

Output
data

e
i Column I/0 |
Column decoder

ELEC2103

Dynamic RAM (DRAM)

Dynamic RAMs (DRAMs) store data bits as a charge on
a capacitor.
DRAMs are simple and cost effective, 5%*?“

but require refresh circuitry to prevent o

multiplexed to reduce the number of
address lines.

losing data. The address lines are
oz

Multiplexed address lines:

Addresses Y

RAS \ / Input/Output buffers

an
Sense amplfier

CAS \ /

Column address
is latched when
CAS is LOW

Row address is
latched when
RAS is LOW

R
m—

N

Slide Set 10 ELEC2103 12
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Dynamic RAM (DRAM)

A feature with some DRAMs is fast page mode. Fast page
mode allows successive read or write operations from a
series of columns address that are all on the same row.

RAS \ /

CAs \ / \ \ \ /

RIW \

\ /vaid\
dat ata )
D \ data data data)

Other types of DRAMs have been developed to speed access and make
the processor more efficient. These include EDO DRAMs, BEDO
DRAMs and SDRAMs, as described in the text.

Slide Set 10 ELEC2103
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Read-Only Memory (ROM)

The ROM family is all considered non-volatile, because it
retains data with power removed. It includes various
members that can be either permanent memory or erasable.

A—
Read-Only.

DD Programmable Erasable Ultravioet plectcal)
ROM

BOoM (PROM) (S:Ta%m) (uvPERP%M) (Ezﬁggw

ROMs are used to store data that is never (or rarely) changed such as
system initialization files. ROMs are non-volatile, meaning they retain
the data when power is removed, although some ROMs can be
reprogrammed using specialized equipment.

Slide Set 10 ELEC2103 14

Read-Only Memory (ROM)

A ROM symbol is shown with typical inputs and outputs.
The triangles on the outputs indicate it is a tri-stated device.
To read a value from the ROM, an address

is placed on the address bus, the chip is l’?‘;ﬂﬁﬁes ROM 256+4
enabled, and a short time later (called the A —1o Data
. itput
access time), data appears on the data bus. A — e
A —|
— Address transition A — . v 72
P Addresstransition o o
ﬁzﬂ[eﬁzes Valid address on input lines A — [A= v—o
—t—! A vi—o
A —|
Dstal Valid data on output lines Al—7
outputs /N T _
t— Data output El—o &
I transition E — EN
Chip \
select ~
Slide Set 10 ELEC2103
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PROMs, EPROMs and EEPROMs

PROMs are programmable ROM, in which a fused link is
burned open during the programming process. Once the
PROM is programmed, it cannot be reversed.

An EPROM is an erasable PROM and can R
be erased by exposure to UV light through a

window. To program it, a high voltage is
applied to V,, and OE is brought LOW.

——O
—O
——O
—O
—O
—O
—O
—O

o
Ama

a<aaaaaaa

>P>>r>>>>>>

L L

Another type of erasable PROM is the EEPROM, cgipam
which can be erased and programmed with
electrical pulses.

Slide Set 10 ELEC2103 16

Flash Memory

Flash memories are high density read/write memories that
are nonvolatile. They have the ability to retain charge for
years with no applied power.

Floating
gate,  Drain

Flash memory uses a MOS transistor S o
with a floating gate as the basic storage [ I
cell. The floating gate can store charge [

(logic 0) when a positive voltage is =<l

20|/
applied to the control gate. With little or S5
no charge, the cell stores a Iogic L logic 0 is stored logic 1 is stored
The flash memory cell can be read by applying a positive voltage to the
control gate. If the cell is storing a 1, the positive voltage is sufficient to
turn on the transistor; if it is storing a 0, the transistor is off.

Slide Set 10 ELEC2103
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Flash Memory ﬁ

Flash memories arranged in arrays
with an active load. For simplicity, o oo
only one column is shown. When a N

specific row and column is selected Iﬁ '''''''''''
during a read operation, the active =« H:

load has current.

One drawback to flash memory is that o ‘,%L [’:
once a bit has been set to 0, it can be

reset to a 1 only by erasing an entire
block of memory. Another limitationis ‘%L

that flash memory has a large but finite ’[li
number of read/write cycles.

)

Column select 0

Slide Set 10 ELEC2103 18
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Memory Expansion

Memory can be expanded in either word size or word
capacity or both.

To expand word size:

Adess RAM 2™ x 2n
- bus mbits
Notice that the data bus
. N i RAM 1 RAM 2
size is larger, but the aibig)| 2"<n LD 20
number of address is .
v
the same. Data| e o | b
Control
bus
2n bits.
- Data bus
Slide Set 10 ELEC2103
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Memory Expansion

H 2Mx8
To expand word capacity, . —
you need to add an address .} e
line as shown in this example s
Motice that the data bus size does i), D22
bus
not change. RAM 2
€ 20 1y
//_.4 EN 8 bits
pose of the inverter?

Only one of the ICs is enabled at any time depending on
the logic on the added address line.

Slide Set 10 ELEC2103 20

SIMMs and DIMMs

SIMMs (single in-line memory modules) and DIMMs (dual
in-line memory modules) are plug-in circuit boards
containing the ICs and 1/0 brought out on edge connectors.
SIMMs have a 32-bit data path with 1/0 on only one side
whereas DIMMSs have a 64-bit data path with 1/0 on both
sides of the board.

SIMM or DIMM —

Socket on
system board —— (T

Slide Set 10 ELEC2103
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FIFO Memory

FIFO means first in-first out. This type of memory is
basically an arrangement of shift registers. It is used in
applications where two systems communicate at different
rates. Memory array stores

_ 64 4-bit data words

[ 64-bit shift register}

0Op)
Output 0o
buffer 0z

3

Data
output

5

N |~ Output ready (OR)

shift in (S) and controls l+— shift out (SO)

Slide Set 10 ELEC2103 22

LIFO Memory

LIFO means last in-first out. In microprocessors, a portion
of RAM is devoted to this type of memory, which is called
the stack. Stacks are very useful for temporary storage of
internal registers, so that the processor can be interrupted
but can easily return to a given task.

A special register, called the
stack pointer, keeps track of the
location that data was last stored

i i 0/0]1/17]011010 -0f -
on the stack. This will be the suckpointer | Tololol olotoel o
next data to be taken from the ofo[ofofofofofo

stack when needed.

Slide Set 10 ELEC2103
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Magnetic Hard Drive

The magnetic hard drive is the backbone of computer mass
storage and is applied to other devices such as digital video
recorders. Capacities of hard drives have increased

exponentially, with 1 TB (1 trillion bytes!) drives available
today. :

Platters are arranged in tracks
(circular shapes) and sectors

(pie shaped). Files are listed in Acatr
a File Allocation Table, (FAT)
that keeps track of file names,
locations, size, and more. ‘ S/ Case

Slide Set 10 ELEC2103 24
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Optical Storage

The compact disk (CD) uses a laser to burn tiny pits into
the media. Surrounding the pits are flat areas called lands.
The CD can be read using a low-power IR laser that detects
the difference between pits and lands.

Binary data is encoded with a special method
called negative non-return to zero encoding.
A change from a pit to a land or a land to a
pit represents a binary one, whereas no
change represents a zero. A standard 120 mm
CD can hold approximately 700 MB of data.

Slide Set 10 ELEC2103 25

Selected Key Terms

Address  The location of a given storage cell or group of cells
in memory.

Capacity  The total number of data units (bits, nibbles, bytes,
words) that a memory can store.

SRAM  static random access memory; a type of volatile
read/write semiconductor memory.

DRAM  Dynamic random access memory; a type of
read/write memory that uses capacitors as the storage
elements and is a volatile read/write memory.

PROM  Programmable read-only memory; type of
semiconductor memory.

Slide Set 10 ELEC2103 26

Selected Key Terms

EPROM  Erasable programmable read-only memory; a type
of semiconductor memory device that typically
uses ultraviolet light to erase data.

Flash memory A nonvolatile read/write random access
semiconductor memory in which data are stored as
charge on a floating gate of a certain type of FET.

FIFO  First in-first out memory.
LIFO Last in-first out memory

Hard disk A magnetic storage device; typically a stack of two
or more rigid disks enclosed in a sealed housing.

Slide Set 10 ELEC2103 27

1. Static RAM is
a. nonvolatile read only memory
b. nonvolatile read/write memory
c. volatile read only memory
d. volatile read/write memory
2. A nonvolatile memory is one that
a. requires a clock
b. must be refreshed regularly
c. retains data without power applied

d. all of the above

Slide Set 10 ELEC2103 28

3. The advantage of dynamic RAM over static RAM is that
a. it is much faster
b. it does not require refreshing
c. it is simpler and cheaper
d. all of the above

4. The first step in a read or write operation for a random
access memory is to

a. place a valid address on the address bus
b. enable the memory
c. send or obtain the data

d. start a refresh cycle
Slide Set 10 ELEC2103 29

5. The output enable signal (OE)70n a RAM is active
a. only during a write operation
b. only during a read operation
c. both of the above

d. none of the above

6. When data is read from RAM, the memory location is
a. cleared after the read operation
b. set to all 1’s after the read operation
c. unchanged
d. destroyed

Slide Set 10 ELEC2103 30
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7. An EPROM has a window to allow UV light to enter
under certain conditions. The purpose of this is to

Slide Set 10

a. refresh the data

b. read the data

c. program the IC

d. erase the data

ELEC2103
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8. The small triangles on the logic diagram indicate that

these outputs are
a. not used
b. tri-stated
c. inverted

d. grounded

Slide Set 10 ELEC2103

Address ROM 2564

input lines

A —1
A —]
A
A —]

A —7

E—o &
- EN
E—o

A —o
A — \
P

v
Azs Y
v
v

Data
output
lines

— O
— O
— O
—O

32

9. Using two ICs as shown will expand

Slide Set 10

a. the word size

b. the number of words available
c. both of the above

d. none of the above

» RAM 2 2n
M s

RAM 1 RAM 2
mbits 2Mxn mbitsy|  2"xn

ata | o Data| ..
infout (CABS infout |{bitS

Control
bus

2n bits.

Data bus

ELEC2103
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10. On a hard drive. information about file names, locations,
and file size are kept in a special location called the

a. file location list

b. file allocation table
c. disk directory

d. stack

Slide Set 10 ELEC2103
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ATTEMPT ALL FOUR QUESTIONS

QUESTION 1 (25 Marks)

(a) Assume the following circuit below:

(i) Derive an equation for the output Q in terms of A,B and C.
(i) Simplify the equation above using De Morgan's Theorems and draw the

resulting equivalent circuit.

(A that comp. inputs are
(2+6 marks)
(b) Using Boolean algebra, simplify the following expression:
X=AB+A(B+C)+B(B+C)
(4 marks)
(c) Convert the following expression in standard POS form:
X=(A+B)(4+B+C)
(4 marks)

(d) Using K-maps, simplify the following examples:
(i) f(4,B,C,D)=Y m(1,3,4,5,7,10,11,12,14,15)
(i) f(4,B,C)=BC+AC and 'don't care' conditions as AB+ABC+ABC

(4+5 marks)
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QUESTION 2 (25 MARKS)

(a) Implement f(A4,B,C)=AC+ABC+ABC using only one 4-to-1 multiplexer.
(8 marks)

(b) Hardware-implement a 3-bit comparator having only one output that goes
HIGH when the two 3-bit numbers are equal. Use only NAND gates. (To help
you, find below the imp ion of a 2-bit it P r.)

A i
By +—t ﬁ > 1
X A=)

) >
H—TD
| D_ YieB)
::D

ZiAD)

(7 marks)

(c) Design a 4-to-1 multiplexer using two 2-to-1 multiplexers each with active-
low ENABLE lines and NOR gates only.

(Make sure to label Inputs lines Ilo- I;, Select lines So & Sy and EN lines correctly)

(6 marks)

(d) Design a 4-bit adder by using four full-adders in parallel.

(4 marks)
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QUESTION 3 (25 MARKS)

(a) Consider the following circuit, with typical gate propagation delays, as shown:

™~

tp=4 ns

(i) Sketch the output waveform X for the following input waveforms:

Timelpicoseconds
0 2500 5000 7500 10000 12500

(5 marks)

(ii) Sketch the equivalent circuit using NAND gates only and calculate the
overall propagation delay for the new circuit with one NAND delay of 3 ns.
(6+2 marks)

(b) The signals A and B are applied to the inputs of a SR latch, a JK-FF and a D-FF.
Sketch the waveforms at W, X, Y and Z. (Assume all Q are HIGH initially)

(2+2+3+5 marks)
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QUESTION 4: (25 MARKS)

(a) There are three main digital IC technologies: TTL, ECL and CMOS
(i) What is the meaning of a ECL?
(i)  Give two advantages of ECL over TTL?
(iii)  What do yo understand by the fall-time of a digital pulse?
(2+4+2 marks)

(b) Given the following 555 Timer IC and assuming that Ry = 50 kQ and C; = 10 pF:
(i) Evaluate the value of resistor R, which will provide a 60% duty-cycle?

(ii) Hence, calculate the pulse period of the output.

(3+5 marks)

(c)  The circuit below contains 2 D-type flip-flops with an asynchronous, active-low
CLR input. Assume that Q0 and Q1 are both LOW initially, sketch a timing
diagram showing the waveforms of CLOCK, Q0 and Q1 for the next six clock

pulses.

Qo Q1

D a
clock [P Tock}”
cloc 5 )_I

—o g|

(3+3+3 marks)

*** End of Exam Paper ***
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ATTEMPT ALL FOUR QUESTIONS

QUESTION 1 (25 Marks)

(a) Assume the following circuit below:
W
X
Z

(i) Derive an equation for the output Q in terms of W, X and Z.
(i) Using the equation above using De Morgan's Theorems and redraw the

resulting equivalent circuit using only NOR gates.

(A that comp. inputs are not ilabl
(2+6 marks)
(b) Using Boolean algebra, simplify the following expression:
XYZ +XY + XYZ
(4 marks)
(c) Convert the following expression in standard POS form:
X = (A+B).(A+B+C)
(4 marks)

(d) Using K-maps, simplify the following examples:
(i) f(W,X,Y,Z) =m(1,3,4,5,7,10,11,12,14,15)
(i) f(A,B,C)=BC + AC and 'don't care' conditions as AB+ABC+ABC

(4+5 marks)
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Question 2 (25 MARKS)

(a) Implement the function f{4,B,C,D) = X m(1,2,5,8,10,12,13,14) using only one 8-
to-1 multiplexer.
(8 marks)

(b) Show how you can design one 12-bit magnitude comparator using only 4-bit
magnitude comparators.

(8 marks)

(c) Design a 16-to-1 multiplexer with an active-high ENABLE line using two 8-to-
1 multiplexer blocks both with active-high ENABLE lines.

(5 marks)
(d) Design a full-adder using 2 half-adders and an OR gate. (Do not use any

additional gates.)

(4 marks)
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QUESTION 3 (25 MARKS)

(a) Consider the following combinational circuit below:

no

(i) Calculate the propagation delay for each output. Assume that there are no
hazards and that each gate has a delay of 10 ns.

(4 marks)

(i) Redraw the above circuit using only NAND gates with propagation delay of
5 ns and calculate the new overall propagation delay for each output.

(8 marks)

(b) The signals A and B are applied to the inputs of a SR latch, a D-FF and a JK-FF.
Sketch the waveforms at W, X, Y and Z. (Assume all Q are HIGH initially)

& oW A Y A o=
b
R o~ * B Rk

Al L [ L

A

(2+3+3+5 marks)
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QUESTION 4: (25 MARKS)

(a) There are three major digital IC technology: TTL, CMOS and ECL
(i) What is the meaning of a CMOS?
(ii)) Give two advantages of CMOS over TTL?
(iii) Give two advantages of ECL over CMOS?
(iv)  What do yo understand by the fall-time of a digital pulse?

(3+2+4+2 marks)

(b) Given the following 555 Timer IC and assuming that Ry = 10 kQ and C; = 5 pF:

(i) Evaluate the value of resistor R, which will provide a 50% duty-cycle?
(ii) Hence, calculate the pulse width of the output.

(3+5 marks)
(c) Draw a circuit diagram for a 4-bit asynchronous counter.

(6 marks)

*** End of Exam Paper ***

Page 5 of 5




	Binder1.pdf
	MIPv2-DE-ELEC2103-BTEL-2010-11S1.pdf
	ss16up
	ss26up
	ss36up
	ss46up
	ss56up
	ss66up
	ss76up
	ss86up
	ss96up
	ss106up

	ELEC2103-2009-10-S1-exampaper



