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1. Introduction to digital electronics

Digital Electronics is the sub-branch of electronics which deals with digital signals for
processing and controlling various systems and sub-systems. In various applications like

sensors and actuators, usage of digital electronics is increasing extensively.

Digital electronics is entirely the field in which digital signals is used. Digital signals
are discretization of analog signals. A signal carries information. In digital signals the values

in a particular band is same i.e. constant. Digital signals form the basis of digital circuit and

digital electronics.
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Digital signals can be represented with two numbers or states, in most cases, the number
of these states is two, and they are represented by two voltage bands: one near a reference
value (typically termed as "ground" or zero volts), and the other a value near the supply
voltage. These correspond t'o the "false" ("0") and "true" ("1") values of thé Boolean domain

respectively, named after its inventor, George Boole, yielding binary code.

Digital techniques are useful because it is easier to get an electronic device to switch
into one of a number of known states than to accurately reproduge a continuous range of
values. Digital electronic circuits are usually made from largg assemblies of logic gates, simple
electronic representations of Boolean logic functions. A digital circuit is typically constructed
from small electronic circuits called logic gates that can be used to create combinational logic.

Each logic gate is designed to perform a function of Boolean logic when acting on logic

- -signals. A logic gate is generally created from one or more electrically controlled switches,

usually transistors but thermio_nic valves have seen historic use. The output of a logic gate can,
in turn, control or feed into more logic gates. Integrated circuits consist of multiple transistors
on one silicon chip, and are the least expensive way to make large number of intercoﬁneoted
logic gates. Integrated circuits are usually designed by engineers using electronic design

automation software (see below for more information) to perform some type of function.
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2. Numbering systems

2.1.Decimal Numb ering System (Base 10)

A, 2 xf) D\M)J)(L‘a_:

In the decimal numbering system, each position contains 10 different possible digits.
These digits are 0, 1, 2, 3, 4,5,6,7,8, and 9. Each position in a multidigit number wil]
have a weighting factor based on a power of 10.
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Figure 1 ‘ Weighting factors of four-digit decimal number.

The least significant position has g weighting factor of 100

The most significant position (leftmost) has a weighting factor of 103:

Example: To evaluate the decimal number 4623, the digit in each position is

multiplied by the appropfiate weighting factor;

Answer:
4 6 2 3 ,
L -3 X100 = 3
—2 X 10! = 20
6 X 10°= 600
—4 X 10" = +4000
4623

For fractional numbers,the weights,are negative powers of ten that decrease
from left to right beginning with 10!
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-Example: Express the decimal number 568.23
Answer:
568’.23=(5x102)+6(101)+8(100)+2(10~1)+3(10-2)

=500+60+8+0.2+0.03
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2.2.Binary Numbering System (Base 2)

lectronics use the binary numbering system because it uses only the digits 0

Digital e
e represented simply in a digital system by two distinct voltage

and 1, which can b levels,

suchas+SV=1andOV=0.

In Binary numbering system, the counting will be as follows:

0,1, 10, 11, 100, 101, 110, 111, 1000, 1001, 1010, 1011, 1100, 1101, 1110, 1111, .ccccccvvomemc namms -
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2.2.1. Binary to Decimal conversion

The weighting factors for binary positions are the powers of 2 shown b.éal-ﬂfa-) S
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Figure 2  Weighting factors of} - digit binary number.

Example: Convert the binary number (01010110); to decimal?
Answer:

128 64 32 16 8
0 | 0 I 0

10 i
I
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I x2'= 2
— % P §
ox22= 0
-1 x 2V =16
g% ¥ =
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;7 (01010110),= (86)10




et = et

T

Example: Convert the fractional binary number (1011.1010)2 to decimal?

Answer:

I 01 1 + 1 010

| I-———-—-I % 273 = 0,125
I x 27" = 0.500
wf X P = |
ol 3 9 =3
1 % 22 =8

11.625¢

-+ (1011.1010): = (11.625)s

2.2.2. Decimal to Binary conversion

The binary equivalent can be found by successively dividing the integer part of the

number by 2 and recording the remaindérs until the quotient becomes ‘0’. The

remainders written in reverse order constitute the binary equivalent.

Example: Convert (152);¢ to binary number?

Answer:

J, . F:'fft Me ﬁmj

152 = 2

76 = 2 = 38 remainder(
38 = 2 =19 remainder(
19 = 2 =90 remainder ]
9 + 2=4 remainder]
4 + 2=2 remainder0
2 =72 | remainder0
1 +2=0

S (152)10 = (10011000);
/.2‘ S'cCon.ﬂl M(/H“ _
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Example: Convert (87)10 to binary number?

Answer:
2 87 1 T
p 43 1
2 21 1
I2 10 0
2 5 1
2 2 0
2 1 1
(87)10=(1010111); -
Example: Convert (20.625)1o to binary number?
Answer: | V_—ﬁ\
a,iwpy-'&‘
2 20 . 0 T 0.625 X 2=1.25=.25" 1
¢, 10 0 025x2=0.5 0
2 5 1 05x2=10=.0 1
2 . 2 0 Y
2 1 1
(20.625)10 = (10100.101), F



2.3.0ctal Numbering System (Base 8)

The octal numbering system is a method of grouping binary numbers in gmﬂps'i"‘(;fﬁn&‘ .
The eight allowable digits are 0, 1, 2, 3, 4, 5, 6, and 7. The octal numbering sYStemISus]

.

To count above 7, beginﬂ éﬁ;ﬁ:n;rncolumn and s_tart‘_over:
10,11, 12, 13, 14, 15,16, and 17.
20,21, 22, 23,24,25,26,and 27. . -

+ Decimal Binary Octal
0 000 0
| 001 1
2 010 2
3 011 3
4 100 4
5 101 S
6 110 6
7 111 7
8 1000 10
9 1001 11

10 1010 12
! |
15 L) 17 e

A- Octal — to — Decimal conversion: g ‘_3'_"
Weight ... .J8 )8 |8 |8’ o & |8 }8 ]

Exa'mgle: Convert (137.21)3 to decimal number?

'Answer:

1 3 7 . 2

1 <
L‘ 1x.872 =0.01562

2x8°1=0.25
7x8% =7,
- 3x8' =24
— 1x8% =64
95.26562

(137.21)s = (95.26562)10




B- Decimal — to — Octal Conversion:
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Example: Convert (73.75)10 to octal number?

Answer:
|

g | 713 1 0.75 X 8 = =0

.

(73.75)0 = (111.6)s

2.3.1. Binary—Octal and Octal-Binary Conversions

An octal number can be converted into its binary equivalent by replacing each octal
digit with its three-bit binary equivalent. We take the three-bit equivalent because the
base of the octal number system is 8 and it is the third power of the base of the binary
number system, i.e. 2. All we have then to remember is the three-bit binary equivalents
of the basic digits of the octal number system. A binary number can be converted into

" an equivalent octal number by splitting the integer and fractional parts into groups of

three bits, starting from the binary point on both sides. The Os can be added to complete

the outside groups if needed.

Example: Convert (624)s to binary number?

Answer:
pa s s A
6 2 4
—N— e — ——

110 0160 1(}0=I_IO0,10100-,_.

(624)s = (110010100):

Example: Convert (10111001); to octal number?

Answer:
) 10 111 001
add a leading zero = :
010,
——
2

(10111001); = (271)g | ?



. Example 1.15. Convert 47.321g into an equivalent binary number.

Solution. The octal number given s d TaF & 1
3-bit binary equivalent 100 111,011 010 001

Hence the binary number is (100111,01 1010001);.

e PN

—

Example 1.13. Convert 1101,01112 into an equivalen
Solution. The binary number given is 1 101,0111
Grouping 3 bits 001 101.011 100

Octal equivalent: 1 5 3 4

Hence the octal number is (15.34)g.

t octal number.

e —
—

e e ——
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2.4.Hexadecimal Numbering System (Base 16)

The hexadecimal numbering system, like the octal system, is a method of grouping bits

to simplify entering and reading the instructions or data present in digital computer systems.

decimal (hex) uses 16 different digits and is a method of grouping binary numbers in

Hexai
groups of four.
Decimal Binary Hexadecimal
0 0000 0
-1 0001 1
2 0010 2
X 0011 3
4 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9
10 1010 A
1 1011 ‘ B
12 1100 C
13 1101 D
14 1110 E
15 S . F
16 | 0000 10
17 1 0001 { -
18 .1 0010 12
19 .1 0011 13
20 - 1 0100 1 4

The 16 allowable hex digits are 0, 1,2,3,4,5,6, 7.3, 9,A,B,C,D,E, and F. )

w
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1 2 9 Conversion from a Binary to Hexadecimal Number and Vice Versa

B e et

2 — e it

To convert from bmaly to hexadecxmal group the binary number in groups of four

(startmg in the least significant position) and write down the equivalent hex digit.

EXample: Convert (01101101): to hexadecimal number?
Answer: . o
0110 110%Lis

6 D =6D

(01101101)2 = (6D)16

Exai‘nple: Convert (A9)1s to binary number?

o —— T T MERPUSST S PO

Answer:
A 9
010 100 1=10101001,
(A9)56 = (10101001 )2 |

Example 1.18, Convert 111011,011, into an equivalent hexadecimal number.

~ Solution. The binary number given is 111011.011
Grouping 4 bits 0011 1011.0110°
Hexadecimal equivalent 3 B 6

Hence the hexadecimal equivalent number is (3B.6)16.

Example 1.20. Convert 9E,AF2y¢ info an equivalent bfnary number.
Solution. The hexadecimal number given is9EAF2

4-bit binary equivalent 100111101010 1111 0010
Hence the equivalent binary number is (1 0011110,101011110010),.
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Example: Convert (2A6)16 to decimal number?

. Answer:

2 A O
l———*(w)(l(wo= 6 X | =
AX 16 =10x 16

T 16 = 2 X 256 = 512

(-
o)
D o

678,
(2A6)m =7(678)10
IEEL_Q_@ Convert (82 25) to hexadecimal number"
Answer
| | |
. 16 82 2 0.25 x 16 =4 t 4 J'
16 5 5 B

(82.25)10 = (52.4)16

L’/:—-‘*ij Convert (JA.Q), o Beimet

L A8 o
o TV AN JSe R
),—s, BX/J :—-[—Z—-’T’ 5
ZOXM:'::']:()
%16 X
| g 20’5
(14.8)=265)



1.2.10 Conversion from an Octal to Hexadecimal Number and Vice Versa

Conversion from octal to hexadecimal and vice versa is’ sometimes required. To
convert an octal number into a hexadecimal number the following steps are to be

followed:

(1) First convert the octal number to its binary equivalent (as already discussed
above).

(if) Then form groups of 4 bits, starting from the LSB.

(i) Then write the equivalent hexadecimal number for each group of 4 bits.

Similarly, for converting a hexadecimal number into an octal number the following

-steps are to be followed: ‘

() First convert the hexadecimal number to its binary equivalent. -
(#7) Then form groups of 3 bits, starting from the LSB.

(iif) Then write the equivalent octal number for each group of 3 bits.

Example 1.21. Convert the following hexadecimal numbers into equivalent octal
numbers.

Solution:

(a) Given hexadecimal numberis A7 2 E
Binary equivalent is 1010 0111 0010 1110
=1010011100101110

Forming groups of 3 bits from the LSH 001 010011 100 101 110
Octal equivalent 1 2 3 4 5 6

Hence the octal equivalent of (A72E)¢ is (123456);.

(b))  Given hexadecimal numberis 4B F 8 5

" Binary equivalent is 0100,1011 1111 1000 0101
=0100,1011111110000101

Forming groups of 3 bits  100. 101 111 111 000 010 100

Octal equivalent 4 5 7 7 0 2 4

Fence the ocial equivaleni of (4.BF85) - is (4.5 T7024).

Zarynplz 1,22, Convert (247)g into an equivalent hexadecimal number.,
Soiutio_';..— Giv.en octal: numberis?2 4 7 i () =( )-’i?(
Binary equivalent is G610 Y00 111 3 t
=010100111
Forming groups of 4 bits from the LSB 1010 0111
Hexadecimal equivalent ‘ AT
Hence the hexadecimal equivalent of (245 is (A7) 1.

- Zxeinviz 1.23. Convert (36.532)g inio an equivalent hexadecimal number.,
Seludip. Given octal numberiz; 3 645 3 2
Binary equivalentis 011 11¢,101 011 010
=011110.101011010
Forming groups of 4 bits 0001 1110,101¢ 1101
Hexadecimal equivaient 1 E. A D
Hence the hexadecimaj equivalent of (36.532)g is (1E.AD);.

(@) A72E (b) 4,BF8S o )/f( )12( )

{1 A
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SIGNED BINARY NUMBERS

w—

In mathematics, positive numbers (including zero) are represented as uns1gned numbers. That is
we do not put the +ve sign in front of them to show that they are positive numbers. However,
when dealing with negative numbers we.do use a -ve sign in front of the number to show that the
number is negative in value and different from a positive unsigned value, and the same is true
with signed binary numbers. However, in digital circuits there is no provision made to put a

plus or even a minus sign to a number, since digital systems operate with binary numbers that are

represented in terms of * ‘0’s” and “1’s”

So to represent a positive (N) and a negative (-N) binary number we can use the binary
numbers with sign. For signed binary numbers the most significant bit (MSB) is used as the sign.
If the sign bit is “0”, this means the number is positive. If the sign bit is “1” then the number is

negative. The remaining bits are used to represent the magnitude of the binary number in the
~ usual unsigned binary number format.

Positive Signed Binary Numbers.

8-bit word

sign bit bits
(sC) (JLG'L\
e )
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3. Arithmetic Opérations

3.1.Addition

13
R r

The following tables illustrate the rules of addition in Binary, .ol Lt

Al e

e o s met

v ane

Example: Add ( "11010): to (. - :1100),?

Answer:

11" <«— cCarry

;11010
e ;
01100

100110
Example: Fir}d the result of (11010.1101); + (111101.111),?
Answer: A
1111111 1 +— Carry
011010.1101

-+ ;
111101.1110

1011000.1011

EX; Fnd the vesutt of (Hoo'\ﬁffo| ),LJ‘( 1ol )

I |
| leol el
Ollo)eoos -

lOUl\()« J—bl



3.2.Subtraction

3.2.1. Binary Subtraction

Subtraction and Borrow, these two words will be used very frequently for the

binary subtraction. There are four rules of binary subtraction.

Froure 6 Binary subtraction rules

Example: Find the resulis of (0011010)2 - (001100).?

Answer:

10 10 “*——-  borrow

“— - new value

——— e _ . e e

< "
Example: Find the results of (110.1101), - (11.1011)?
Answer:
10 10 10 <—— porrow
| *i“
Q 0 01 <« pewvalue
> .; 41.. E

ot
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4. Bm!ag system complements “~a 00 u\,,.,-&\\
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As the binary system has base r = 2. So, the two types of complements for the binary system

are 2's complement and 1's complement.

4.1.1's complement

The 1's complement of a nﬂmber is found by changing all 1's to 0's and all 0's to 1's.
This is called as taking complement or 1's complement. Example of 1's Complement is as
follows. ,

Example: Find the 1's complement of (10101); ?

Answer:

Given number

1's:complement

1's complement of (10101); = (01010):

4.2.2's complement

The 2's complement of binary number is obtained by adding 1 to the Least Significant
Bit (LSB) of 1's complement of the number.

2's complement = 1's complement + 1

Example: Find the 1's complement of (10101);?

.Given number

1’s’complement

Addl  +

2's complement of (10101), = (01011);




Ex: Perform the following operation using 1's & 2's complements

1011-11101="7

Vs ' 2's
01011 01011 01011
— b + ; b -
11101: __ 45 . 00010 e +00011
__————___- - ‘ i _" T
01101 - 101110
Cbu’fj l L?g carr y» l ﬁi’)’

[~10010 |

Ex: Perform the following operation using 1's & 2's complements

1010-110.1="7

s 2's
10100 1010.0 1010.0
— L : )
} - 2y
01101 —2—= 10010 _A 5. 10011
_—10011.0 - 1po11.1
T+ :’]},,__a,a ) &Wj ' L,\Oj‘:p
&(,ffj et

[+0011.1]

&

Hw: Perform the following operation using 1's & 2's complements

1101 -101.11. . =7

I
),’s Fin
1101.06
- 010111 )
IR —

6




3.3.Multiplication

In this seetion we v discuss the multiplication rules only in binary numbers.

Rinary multiplication is similar to decimal multiplication. It is simpler than decimal

multiplication becausc only 0s and s are involved. There are four rules of binary

multiphication.

. Case A X
0. X
A 1 g
4 I
Fioure 7 Ninary multiplication rules

Example: Find the results of (10011)sx (0101)27

Answer:

toott

X
010t

-

ool
puoon
| ORI R
00000

0oLorirt

Example: Find the resuii< of (100.11 [)2 x (010.11)7

Answer:
o, 11t
01,41
i b 1L :
IR B
QO gn
10[)‘ L

7 00000 n .
1 B : | ’7

N110t.0tinl
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3.4Division
Binary division is similar to decimal division. It is called as the long division procedure.

Example: Find the results of (110112 = (1 1)2?

Answer: T

11 ‘ HIR S
Tty i

f

vog
ool

01|
00

I 1
11

0nn
Example: IFind the resulis of (101011.10); =+ (110)2?

Answer: A

‘ 1
11o | 10101110
110]]

1001
110
ot

Lo

—— e f—

o1

000

_—

110
110

000
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DECIMAL DIGIT
BCD

lnvt;ﬁd_ odes: Y0U Shoul
1111 éanbe_-;epmécintedbntiha A COC
'  that are not used—1010, 1011,

" Comertachf thfollwingdcimal mmbers 0BCD:




Excess-3 Code

The Excess-3 code is another unweighted code‘.Thé code aSsi_‘ngnmenfié obtained
from the corresponding value of BCD code after the addition of 3.

The table below shows the BCD & Excess-3 code for the decimal digits.

_________—-————"‘—___-r 3

Decimal (BCD)

0 0000 1)

1 0001 0100 ‘
2 0010 0101

) 3 0011 0110 {

4 0100 o111 . ; ‘

5 0101 1000 i

i 6 0110 1001 1

- 7 o111 1010 !

8 1000 1011 {

Note: The six combinations code that are not u_sie_a ( 0000, 0001, 0010, 1101, 1110, 1111 )and

called invalid in the Gray code

A1
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Binary-to-Gray Code Conversion
somehmes useful. The followmg 1

Conversion between binary code and Gray-code is

les explam how fo convert from a bmary number to a

23




Solution (a) Bmary to Gray ccde |
1—+——>l~ ;

24




