Course Aim
By the end of the course, students will acquire knowledge of:

number systems and coding, Boolean algebra: basic theorems, Karnaugh map, logic gates.
combinational logic circuits: adder, subtractor, multiplexers, demultiplexers, decoders,
encoders. Sequential logic circuits: SR latch, clocked SR Flip Flop, D-Flip Flop. Registers:

Parallel-in Parallel-out, Serial-in Serial-out, Counters.
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Number Systems and Coding

Number system is a basis for counting various items.

The word “number” all of us Immediately think that i1s decimal number
system. With its 10 digits: 0,1,2,3,4,5,6,7,8,9  Base (b=10).

Modern computer operate with binary number system .

With its 2 digits: 0,1 Here, the base Is 2 0

Erissie binary signal
0110010100101015]

Base

Binary Number



Number Systems and Coding

Convert (14),,to binary number

Reminder
217 1
)
5 3 1 1110
1 1

(14),0=(1110),



Number Systems and Coding

People don’t like deal with binary numbers, due to the conversion takes more digits. In this
example, takes four digits.

Therefore, they used octal number system & hexadecimal number system & Binary Coded
Decimal (BCD) system to compress long strings of binary numbers. So, using these
different numbering systems is easer to understand/interpret,

Octal number system with its digits: 0,1,2,3,4,5,6,7 Here, the base is 8

Hexadecimal number system with its digits: 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F Here, the base is 16
Note: A,B,C,D,E,F represent 10, 11, 12, 13, 14, 15



Number Systems and Coding

In this chapter, we will learn how to convert from decimal to binary or octal or hexadecimal or
BCD and vise versa.

Convert (150),, to octal number

Reminder
8 | 150 6
g | 18 2 =220
2 2

(150)10=(226)g



Number Systems and Coding

Convert (97),,to hexadecimal number

Reminder
16| 97 1

(97)10=(61)16

Convert (314),, to hexadecimal number

Reminder
16 | 314 “10” A
=) 13A
16 | 19 3

1 L (314)10=(13A)6



Number Systems and Coding

Convert (13.125),,to binary number

Reminder Multiplication
2 13 1 0.25 | .125 X 2
2 6 N 1101 0.5 25 x 2 mp .001
2 3 1 1 5 X 2
1 1 t
- Stop at integer number

(13.125),,=(1101.001),



Number Systems and Coding

Convert (145.45),,to octal number

Multiplication
Reminder 3.6 45 X 8
8 |145 1 4.8 .6 X 8
=) 221
8 | 18 2 6.4 .8 X 8 ".34631
2 2 3.2 4 X 3
1.6 2 X 8

Stop at same fraction number

(145.45),,= (221.34631),



Number Systems and Coding

Convert (394.36),, to hexadecimal number

16
16

394
24
1

Reminder
6610” A 576
3 =» 18A 12.16
1 2.56
8.96
15.36
5.76

.36
76
16

.06
96
.36

Multiplication

X X X X X X

16
16
16 o .5C28
16
16
16

L Stop at same fraction number
“after decreasing due to complicated”

(394.36),0=(18A.5C28)



Number Systems and Coding

Convert (1101001), to decimal number
26 2° 24 23 22 21 20

1 1 0 1 0 0 1

=1x20 + Ox21+ O0x22+ 1x23 + O0x24 4+ 1x20+ 1x26

]
-
n
o
+
o
+
00)
+

0 + 32 + 064

105
(1101001), = (105),,



Number Systems and Coding
Convert (1110.101), to decimal number

23 22 21 20 -1 22 23

1 1 1 o . 1 0 1
=1x23 4+ 0x22+ 1x21+4+ 0Ox20 + 1x21 + 1x22+ 1x23

=012+ O + O5 + O + 2 + 4 + 8

= 14.625
(1110.101),=(14.625),,



Number Systems and Coding

Convert (2275)g to decimal number

83 82 81 80

=ox80 + 7 x38l+ 2x82+ 2x83

= 5 + 56 + 128 + 1024

= 1213
(2275)5=(1213)4,



Number Systems and Coding

Convert (125.4)g to decimal number

Q2 g1 g0 g-1

=4x81 + 5x8 + 2x81 + 1x82

05 + 5 + 16 + 064

85.5 (125.4),,=(85.5);



Number Systems and Coding

Convert (F9B); to decimal number

162 161 169

F 9 B
=B x16° + 9x16! + F x 167
=11 x16% + 9x 161 + 15 x 162

— 11 + 144 + 3840

= 3995
(F9B)16=(3995),



Number Systems and Coding
Convert (A15.C); to decimal number

162 161 169 16-1
A 1 5 . C

=Cx161 + 5x16%9+ 1x161 + Ax16?

=12x161 + 5x160 + 1x161 + 10 x 167

= 0/ + 5 + 16 + 2560

= 2581.75
(A15.C) s = (2581.75)4,



Number Systems and Coding

Convert (A39),; to binary number

A=10

21 10
2 S|
2 2

1

Put the numbers beside other

Reminder Reminder
0 2| 3 1
© = 1010 1 1= 00U
1
101000111001

(A39),; = (101000111001),

2

N B O

Reminder
1

8 ==) 1001

1



Number Systems and Coding

Convert (47/D.FE); to binary number

Reminder Reminder Reminder Reminder Reminder
4 0 21 7 1 2113 1 2115 1 2114 0
2 0 B 000 2f3 1 WOUL 2|6 0 WU 2|7 lapill 2|7 1m0
1 1 1 1 21 3 1 213 1 213 1
1 1 1 1 1 1
101000111001

(47D.FE),4=(010001111101.11111110),



Number Systems and Coding

Convert (101010000101), to hexadecimal number

23 22 21 20 23 22 21 20 23 22 21 20

1 0 1 0 1 0 0 0 0 1 0 1
=0x20 + 1x21 + O0x224+1x23 =0x20 + O0x21 + Ox22+ 1x23 =1x20 + 0Ox21 + 1x22+ (Qx23
= 10 = 8 = 3

(101010000101), = (A85)4¢



Number Systems and Coding

Convert (10010.011), to hexadecimal number

23 22 21 20 23 22 21 20 23 22 21 20

0 0 0 1 0 0 1 0 0 1 1 0
=1x20+ Ox21+ 0 x22+0x 23 =0x20 + 1x21 + 0x22+ 0x23 =0x20 + 1x21+ 1x22+ (Qx23
= 1 = 2 = 6

(10010.011),=(12.6)4¢



Number Systems and Coding
Convert (321.64)4 to binary number

Reminder Reminder Reminder Reminder Reminder
3 1 21 2 0 21 1 1 216 0 214 O
1 1 mp o1l 1 1 010 D001 23 1 mp110 2|2 0 w100
1 1 1 1
101000111001

(321.64)s = (011010001.110100),



Number Systems and Coding

Convert (010111.110), to octal number

22 21 20 22 21 20 22 21 20
0 1 0 1 1 1 1 1 0
=0x20+ 1x21+ Q%22 =1x20 + 1x21 + 1x22 =0x20 + 1x21 + 1x22
= 2 = 7 = 6

(010111.110), = (27.6)q



Number Systems and Coding

To convert from octal to hexadecimal
1- convert from octal to binary

2- then, convert from binary to hexadecimal

Convert (670.25)4 to hexadecimal number

Reminder

0
2 3 1 m 110
1

Reminder Reminder
g ; 1"111 ’ O-}ooo i
1 1
(110111000.010101),
0001 1011 1000 . 0101 0100
1 B 8 .5 4

(670.25)g=(1B8.54)4

2
1

Reminder
0

1 w010

2
2

S
2
1

Reminder
1

O mm) 101
1



Number Systems and Coding

To convert from hexadecimal to octal
1- convert from hexadecimal to binary
2- then, convert from binary to octal

Convert (AB67),4to octal number

A B 6 I

1010 1011 0110 0111
(1010101101100111),

001 010 101 101 100 111

1 2 3) 3) 4 I

(AB67)5=(125547)g



Number Systems and Coding

r Hexadecimal Digits and Its Decimal and Binary Equivalents

~

Hex Decimal Binary Hex Decimal Binary
0 0 0000 8 8 1000
1 1 0001 9 9 1001
2 - 0010 A 10 1010
g 3 0011 B 1 1011
4 4 0100 c 12 1100
5 5 0101 D 13 1101
5 1 6 0110 E 14 1110
7 | 7 | 0131 | | °F 15 1111
Conversion Between Binary and Hexadecimal
Example:
5 C A <«—— Hexadecimal
O 10 1 1.1.0.0.4.1.01.0 S Binary
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Number Systems and Coding

Binary Coded Decimal (BCD) Numbering System
give a particular binary code for each decimal digit.

Decimal digit BCD (8421)

This code consists of four digits such as
hexadecimal, but starts from 0000 to 1001

=

0000
0001
0010
0011
0100
0101
0110
0111
1000

1001

This code is valid BCD code: 1111

No

O X NV AEWN -



Number Systems and Coding

Convert (45709),,to BCD number

Reminder Reminder Reminder Reminder Reminder
2 4 0 2l 5 1 217 1 210 0 219 1
2 2 0 WpO0W00 | 2 o W01 Lls 1 @ou1 =000 2|4 O =001
1 1 1 1 1 1 212 O
1 1
0100 0101 0111 0000 1001

(45709),, = (01000101011100001001) 5



Number Systems and Coding

Convert (31.89),,to BCD number

Reminder Reminder

Reminder Reminder
23 1 21 1 1 218 o0 219 1
1 1 Ep o011 H 0001 5|4 o #1000 >4 o ®1001
212 0 22 o
1 1 11
0011 0001 1000 1001

(31.89),,= (00110001.10001001)gcp



Number Systems and Coding
Convert (10000110.0100)gp to decimal number

23 22 21 20 2392 21 20 23 22 21 20

1000 0110 , 0100
=0x20 + O0x2l+ 0x22+ 1x28 =0x20 + 1x2l+ 1x22+ Qx28 =0x20 + 1x21+ 0x22+ 0x28
= 0 + 0 + 0 + 8 = 0 + 2 + 4 + 0 =0 + 4 + 0 + O
=8 =6 =4

(10000110.0100), = (86.4),,



Number Systems and Coding

To convert from binary/octal/hexadecimal to BCD
1 convert from binary/octal/hexadecimal to decimal

2 then, convert from decimal to BCD

To convert from BCD to binary/octal/hexadecimal
1 convert from BCD to decimal

2 then, convert from decimal to binary/octal/hexadecimal



Number Systems and Coding

Convert (0101.011000100101)gcp to binary number

23222120 23222120 23222120 23222120
0101 : 0110 0010 0101
=1x20 4+ Ox21+ 1x22+ (Qx28 =0x20 + 1x21+ 1x22+ (x23 =0x20 + 1x2t+ 0x224 0x28  =1x2040x20+ 1x224 0x2
-1 + 0 + 4 + 0o ~ 0 v 2 + 4 +0 =0 + 2 + 0 + 0 =1 + 2 + 4 + 0
=5 =6 =2 =5
(5.625)19
Reminder Multiplication
2 5 1 1.25 | .625 x 2
2| 2 0 mm) 101 0.5 25 x 2 W 101
1 1 1 5 x 2

L» Stop at integer number “one”

(0101.011000100101)gep = (101.101),



Number Systems and Coding

Convert (1110.101), to BCD number
23 22

1 1

21 20 21 22 23
1 0 . 1 0 1

=1x23 + 0x22+ 1x21+ 0x20 4+ 1x21 4+ 1x22+4 1x23

0.125 +
14.625

Reminder

Lol B 0001

0001

0

+ 05 + 0 + 2 + 4 + 8

(14.625),,
Reminder : Reminder Reminder Reminder
21 4 0 216 0 212 0 215 1
2 2 o W00 |3 1m0110 I lgooo 2|2 O mbowo
1 1 1 1 1 1
0100 0110 0010 0101

(1110.101),= (00010100.011000100101)gcp



Arithmetic Operations
1- Adding

Number Systems and Coding

s
@
1 1
+ +
0 1
1 10

carry

|




Number Systems and Coding

Arithmetic Operations

1- Adding
Examples
(1011.01), + (11010.1),
ololololole) DD @
10110101 11010 10
+ +
11101100 0101101

110100001 10010111

(1110.11), + (11011.101),

00000
11011101

01110.110
101010011




Number Systems and Coding
Arithmetic Operations

Adding 395 + 496 in BCD

Solution
Firstly, convert each number to BCD
0000 o g
395 0011 1001 0101
+ +
496 0100 1001 0110
1000 0010 1011
If number > 9, we add to it 6 ) <0110
If number carried by carry, we add to it 6 =) (110"
OO
1000 0010 1011
+
0110 0110

1000 1001 0001
8 9 1  mh(89)sco



Number Systems and Coding

Arithmetic Operations
2- Subtraction

borrow
7
0 1 1 @ 0
- 0 - 0 _ 1 - 1
0 1 0 1

Examples
Subtract (1011), from (1101.1),

©
11011

10110
0010.1




Number Systems and Coding

Arithmetic Operations

One's Complement: reverse one to zero & reverse zero to one

110111
One's Complement for thisnumber mm) 001000

Two's Complement
110111

One's Complement for this number s 001000
+ 1

Two's Complement for this number =) 001001



Number Systems and Coding

Arithmetic Operations
Subtraction in One's Complement

Find the result of 1010 — 110 in one's complement

©1010
1010 as it is
- [ >
0110 one’s comp. 1001
O 0011
* 1

Resultis: + (0100
If carry IsCD, we add 1



Number Systems and Coding

Arithmetic Operations
Subtraction in One's Complement

Find the result of 10000 — 10110 in one's complement

10000
10000 as It is
' | > 7 01001
10110 one’s comp.
>11001

is;: - 00110

and the result given in one's comp.



Number Systems and Coding

Arithmetic Operations

3- Multiplication




Number Systems and Coding

Arithmetic Operations
Convert binary code (10111011), to gray code

Solution
Rule
We compare
1011170711 if two numbers the same, we put 0
| If two numbers are different, we put 1
11100110

gray code iIs (11100110)¢



Number Systems and Coding
Arithmetic Operations

Convert gray code (101011); to binary code

Solution Rule
1 01 011 We compare
l/// yaya if two numbers the same, we put 0
1 10 0 1 O If two numbers are different, we put 1

binary code is (110010),
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Boolean Algebra

In 1854, George Boole devised a systematic treatment of logic using an algebraic system, namely
Boolean Algebra.

Boolean Algebra is a system of mathematical logic.

Variable: is the symbol which represent an arbitrary elements of an Boolean algebra. Any single
variable or a function of several variables can have either a 1 or 0 value.

For example, in expression Y =A + BC, variables A, B and C can have either a 1 or 0 value, and
function Y also can have either a 1 or 0 value; however its value depends on the value of Boolean
expression.



Boolean Algebra

Basic Theorems (Rules) of Boolean Algebra

Postulate 2 (Identity) A=A A-l=A

Postulate 3 (Commutative) A+B=B+A AB = BA

Postulate 4 (Distributive) A(B+C)=AB+AC A+BC =(A+B)(A+C)

Postulate 5 (Complement) At =1 AA=(




Basic Theorems (Rules) of Boolean Algebra

Theorem 1 (Idempotency) A+A=A A-A=A

Theorem 2 f\;i:i A0=0

Theorem 3 (Involution) Kk

Theorem 4 (Absorption) A+AB=A AA+B)=A

Theorem 5 A+AB=A+B A-(A+B)=AB

Theorem 6 (Associative) A+(B+(C)=(A+B)+C A (BC) = (AB) C _ g




Basic Theorems (Rules) of Boolean Algebra

A Bl e B

Boolean A —B.0=a

®
>
|
)]
>
|

A AN Bk .A:g.sﬁ_ R




Basic Theorems (Rules) of Boolean Algebra

L@ (0B)c= ABI= MC, (AWB)+C = Ay ®B3)= Avprc

@ A (B<)= ABAC  ALBC = (M8 (ANC)
G adheR- 85 puin . A

® ahe)=a  AsAR-Q

CRCIOTE I A N )



Boolean Algebra

DeMorgan’s Theorems
—E — E -+ E The complement of a product is equal to the sum of the complements.
A+B = _A_ : ﬁ The complement of a sum is equal to the product of the complements.
Example

Simplify the following Boolean expression using Boolean Algebra

A +BC

Solution :

A + BC

n

>
X

:



Boolean Algebra

Example
Simplify the following Boolean expression using Boolean Algebra

ABCD + BCD + BCD +~ BC D
Solution

Distributive

BCD (A-+ 1)+ BED +BCD

Theorem 2

BCD + BCD + BC D

Distributive

BD {(C +C)~BCD
= B + BC DD

B (D + C D)

B (D + C)

Complement)

Distributive

Theorem 5



Boolean Algebra

Example
Simplify the following Boolean expression using Boolean Algebra

Z=AB C+ABC+ABC+ABC

Solution

Z=AB (C+C)+AB (C+C)

Z= AB +AB
Z=A(B +B)
Z=A.1
Z=A



Boolean Algebra

Example
Simplify the following Boolean expression using Boolean Algebra

Z=AB CD+ABCD+ABCD+ABCD+ABCD

Solution

Z=AB CD+ABCD+ABCD+ABCD+ABCD+ABCD
Z=AB C(D+D)+BCD (A+A)+BCD(A+A)

Z=AB C+BCBb+BCD



Boolean Algebra

Report
Simplify the following Boolean expression using Boolean Algebra

ab ¢ +abc + abc.



_ Boolean Algebra
Minterms

To express the logical functions, we use minterms
for n variables of logic functions, there are number of minterms = 2n

For three variable, number of minterms =2n=23 =8 (m, to m,)

Example Find minterms for the following logic function

L s . Variables MMinterms

f(A,B,C) = ABC+ABC+ABC+ABC A 5 - mi
— mO . ml - m3 +4- m6 O )] L] ..-’-"-.._E-E‘zn'lﬂ
0 ") 1 A B C = my
:zmo’ml’m?”mG 0 1 0 A B C=mo
— ZITI(O,l, 3’ 6) 0 1 1 A B C = mg
1 0 0 A BC= my
1 O 1 A B C = mg
Z denotes sum of product 1 1 o A B C = mg
1 1 1 A B C=m-




Example Boolean Algebra
Find minterms for the following expression
y=AB C +ACD +ABCD+ AB

Solution

Should be all terms of the expression include all variables

y=AB C(D+D) +A CD (B+B)+ABCD +AB (C+C) (D + D)

y=AB CD+ABCD +A CDB+A CDB+ABCD+AB (CD+CD + CD + CD)

y= AB CD +ABCD +A\_\DB+A CDB+ABCD+ABCD+ABCD+ABCD+ABCD)
Remove the repeated

y=AB CD+ABCD +A CDB+ABCD+ABCD+ABCD+AB CD+ABCD)

y= 1101  + 1100 +1001 +1011+ 0011 + 0010 +0001 +0000

y= 13 +12 + 10 +11 + 3+ 2+ 1 +0

Y:Z M3, My, Mg, My, M3, My, My, Mg



Contents

Number Systems and Coding
Boolean Algebra
Combinational Logic Circuits
Multiplexers and Decoders

Sequential Logic Circuits

Registers

Counters



Boolean Algebra

Karnaugh Map (K-Map) Method
Used to simplify Boolean expressions rather than predicting each step. In addition, it is systematic method.

K-Map is a graphical chart contains a number of cells = 2", where n is the number of variables

BC _ __ . _
BC——- Gray code sequence S BC BC B C B C
A 00 01 11 10
A|JABC |ABC |ABC |ABC
O Mg | 94 e |2 0 1 3 2
1] Me | Me | T |8 A |ABT |ABC |ABC |ABCT
4 5 7 6

(c) 3-Variable map
product term of each cell = its row X its column -

01 11 10
cD CcC D C D
P CD —= Gray code sequence N e SER—
e 00 01 11 10 ABCC: ABCE; Aacc2>
sequence

mg my mgq mo

l 00

ABCD|IABCD|IABCD
5 o
01)] My Mg m- Mg

7

ABCD|lABCD|IABCD
113 15 14

| ™12 | M3 | M5 | Mqg

ABCD|lABCD|ABCD
9 11 10
(d) a-Variable map

BRI Ms | Mg | Myq | Myo




Example (1) Boolean Algebra
Simplify the following Boolean expression using Karnaugh Map

Y = ABC+AB C+ABC+ABC+ A BC.
Solution
step 1, plot K-Map of 3-variables according to the given expression, each minterm is found in the expression
replaced by 1 and the minterm which not found is O

step 2, there are no isolated ones
step 3, combine each Octets of adjacent ones in a group

step 4, combine each Pairs of adjacent ones in a group
step 5, combine each Quads of adjacent ones in a group

step 6, all Ones must grouped B B
step 7, represent each group in a term in the expression’Y Y = AC+B



Example (2) Simplify the following Boolean expression using Karnaugh Map

Y= ABCD+ ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

Solution
step 1, plot K-Map of 4-variables according to the given expression

01 11 10

CcD CD C D

0 . 0 I

1 3 2

1 1 o1 |
S5 7 G

1 1 0 I
13 15 14

0 1 Q l
9 " 10

step 2, there are no isolated ones
step 3, combine each Octets of adjacent ones in a group

step 4, combine each Pairs of adjacent ones in a group
step 5, combine each Quads of adjacent ones in a group

step 6, all Ones must grouped - - -
step 7, represent each group in a term in the expression Y Y = ACD+ ABC + ABC + ACD



Example (3) Simplify the following Boolean expression using Karnaugh Map

Y = ABCD +ABCD + ABCD+ ABCD+ ABCD+ABCD

Solution
step 1, plot K-Map of 4-variables According to the given expression ®
op OB 01 11 10 11 10
D CcCD CcD CD CD co*
0 o | 1 | o _| o1
O 1 3 2 3 2
. ' O-| O
L 4 1 5 ¢ 7 J 6| ® 7 6
1 -1 -0 0 I 0o | 0
12 13 15 14 15 14
0 1 0 0] I 0 Q
8 9 " 10 11 10
step 2, group isolated ones
step 3, combine each Octets of adjacent ones in a group
step 3, combine each Pairs of adjacent ones in a group
step 5, combine each Quads of adjacent ones in a group
step 6, all Ones must grouped o - _
Y = ABCD +ACD +BC

step 7, represent each group in a term in the expression’Y



Example (4) Simplify the following Boolean expression using Karnaugh Map

Y = ABCD + ABCD+ ABCD + ABCD + ABCD + ABCD +ABCD + ABCD
Solution
step 1, plot K-Map of 4-variables According to the given expression

&5 00 01 11 10 CDEB Cp C
cD CcD CcD CD AB® 00 01 1
_BD
(| 1 1 ABOO| 1 il O |&
o 1 3 2F EEE . I
0 0 0.1l O ABO1] O 0 0
4 5 7 s:r ===
1 ol o | 1 AB 11] 1i| O 0
112 13 15 L N S 1% ........
1 0 1 1 I AB10| 1| o |}
8 9 11 10 -

step 2, There are no isolated ones

step 3, combine each Octets of adjacent ones in a group
step 5, combine each Quads of adjacent ones in a group

step 4, there are no Pairs of adjacent ones in a group

step 6, all Ones must grouped

step 7, represent each group in a term in the expression Y + AD + BC

ad
I
o]
Ol



Example (5)

£ CA, B, T, )

Reduce the following function using K-map technique

= z m: (O, 1, &8, 9, 10).

Solution

step 1, plot K-Map of 4-variables According to the given expression

01 11 10
CcD CD C D
0 . 0 I
1 3 2
0 O .| O
S5 7 (53
-0 0 0
13 15 14
1 0 1 |
9 " 10

step 2, There are no isolated ones

step 3, combine each Octets of adjacent ones in a group
step 5, combine each Quads of adjacent ones in a group

step 4, there are no Pairs of adjacent ones in a group

step 6, all Ones must grouped

step 7, represent each group in a term in the expression 'Y

f (A, B, C, D) = ACD + ABD +BC

__ _ BC _
cpCD CD/CD CD
ap 00 01/ 11 10
AB oo [i{1}] 17| o
D -
Ag ot [{1}] o | o
AB 11l oo ] o
S S B
AB10|i1i| 1i| O

ve]

Ol



Example (6)/Assignment Plot the following Boolean function on a Karnaugh map and simplify it.

F(w,x,y,z) =% (0,1,2,4,5,6,89,12,13,14)

Solution

step 1, plot K-Map of 4-variables According to the given expression

01 11 10 gz ls e Ye -
=o — cB W X 00 O1 WZ
0 wXx 00 1 1
1 3 2 g 7 B A . N SEeEs
wx 01 Ji1ll 18 B.1.L
l ' 0 N O l ; L s
= = = wx 11 |i1i] 1 o
1 0 1 o : P
13 15 14 W X 10 3.1 15
1 0 a y == -
9 11 10 ;

AW, X, Y, Z) =y +XZ+WZ
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Boolean Algebra

Logic Gates
Circuits performs a particular logical function, these gates deal with a number of binary inputs.

Basic Logic Gates - NOT &AND & OR

Derived Logic Gates # NAND & NOR



Boolean Algebra

10 Application : Boolean Expression

I

9 Used to complement (invert) Y=A
digital signal.

NOT Gate
NOT gate (Inverter) : The output is a complement of input.
Logic Diagram (Symbol) Switch Equivalent Truth Table
A D L4 = R Input | Output
Pin Diagram v = — :
1 Veel 14
Y o il &
2 ‘ Y 13 3 0
3 12 I Input Output
IC 7404 Switch open (Low) Lamp ON (High)
4 {L 11 Switch close (High) Lamp OFF (Low)

7 | GND




AND Gate

Boolean Algebra

AND gate : The output is high only when all inputs are high.

Logic Diagram (Symbol)

A
]l
B

Pin Diagram

=

1 Veel 14

3 LI

1C 7408
4 1

S‘J 10

7 | GND 8

Switch Equivalent

Truth Table

Input Output

Y o T .
o S, S,
v =D
Input Output
S, S,

Open (Low) | Open (Low) | Lamp OFF (Low)

Open (Low) | Close (High)| Lamp OFF (Low)

A B Y
0 0 0
0 1 0
1 0 0
1 1 1 _

Close (High) | Open (Low) | Lamp OFF (Low)

Close (High)| Close (High)| Lamp ON (High)

Application :

Used to

implement logical AND operation.

Boolean Expression

Y=A-B




OR Gate

Boolean Algebra

OR gate : The output is high when one or more inputs are high.

Logic Diagram (Symbol)

B

Pin Diagram

14

13

12

IC 7432

7 | GND

"

Switch Equivalent Truth Table
81 — e
Input Output
S, L
], —oFlo— A | B Y
T <D
B 0 0 0
0 1 1
Input Output 1 0 ;
S, S,
Open (Low) | Open (Low) | Lamp OFF (Low) | 1 1 1

10

Open (Low) | Close (High)| Lamp ON (High)

Close (High) | Open (Low) | Lamp ON (High)

Close (High) | Close (High)| Lamp ON (High)

(F] [ 4

Application : Used to implement
logical OR operation.

Boolean Expression

Y=A+B




Boolean Algebra
AND Gate with Three Inputs

A o———] s
D DD
Co— C—

TRUTH TABLE

INPUTS OuUTPUT
A B & Y
O O O @)
O O 1 O
O 1 @) (@)
@) 1 1 @)
1 O @) O
1 O 1 O
1 1 @) O
1 1 1 1




OR Gate with Three Inputs

IR

C
Boolean Aigepra

Three input OR gate :

o Y

Inputs
A

Cc

Inputs Output
A B C Y
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1l 0 1
1 1 1 1

Output



Boolean Algebra
Basic Logic Gates

. NOT Gate

(Inve|‘l><} 1 1 ~[>@ 0

* OR Gate (Boolean Addition)

0+0=0 O+1=1 1 +0=1 1+1=1

ViRVijvijv}

 AND Gate (Boolean Multiplication)
0-0=0 0°1=0 10=0 1+1=1




Boolean Algebra

D P

NAND Gate

NAND gate : The output is high only when one or more inputs are low.

Symbol Boolean Expression . Truth Table

Y=A-B
Input Output

A:D_° = Pin Diagram
: 14| [13f |12 |11] |1o] [9] |8 AS [ B Y

Vee
0 0 1

Application : It can be ) o ORN[1 1
used to implement any _—D _-D | 0 1
digital circuit. 1 GND

1| 2] |3 [4] |5] |¢e| |7 1 1 0




Boolean Algebra

NOR Gate Y :D—«l>o—
B

NOR Gate : The output is high when all the inputs are low.

Symbol Boolean Expression Truth Table
Y=A+B

B 14] [13| |12| [11] |of [o] |e
Vee L E— AT|"B Y
0 0 1

IC 7402

Application : It can be ) 0 1 0
used to implement any 1 0 0

digital circuit. 1] i_ T T3 g_ - G:D
1 1 0

NAND and NOR are known Universal gates since any logic function can be implemented by them.



Exclusive OR (EX-OR) Gate

Boolean Algebra

A®B = AB+AB

A

-
>0

Exclusive OR (EX-OR) gate :

The output is high only when odd number of inputs are

high.

Symbol
A o_“>—o Y
B o—|

Application : It is used

to implement magnitude
comparator, gray code
converter, adder/subtractor
circuits, parity generator,
modulo-2 adder, etc.

Boolean Expression

Truth Table

Y=A®B Input Output
Pin Diagram
A B Y
14| 13| |12] |11 [10] |9]| |8 . 5 ;
"D D>
0 1 1
—_)J —_)1
. (o 74?6 1 0 1
—-)1:>‘ —-)1>" 1 |1 0
=] =] GND
1| 2] |3] 4| |s]| |e| |7




Boolean Algebra

A
Exclusive NOR (EX-NOR) Gate ] .
lis an XOR gate followed by a NOT gate

v=(A-B)+(A-B)

Exclusive NOR (EX-NOR) gate : The output is high only when even number of
inputs are high.
Symbol Boolean Expression Truth Table
Y=A®B : 5
A °—1Do_° Y Pin Diagram nhput utput
B o—
14 13| |12 |11| |10] o] |8 A B Y
e
Applications : It is used Yoo ‘ ) 0 0 ]
to implement even parity ) 1 S 1(_—- i g i
generator, comparator, even _-)1 r(__
parity checker, etc. l>’| r<i 1 0 0
— T GND
1| |2 |3] |4 |5] |e] |7 . . :




Boolean Algebra
The simplified Boolean expression can be implemented using basic logic gates.

Example B
Implement logic circuit for the following expression vy — (A+B) (A+C) (B+D)
Solution
™
A

B

C

D

|

4>GDV ] B
U_%)

(_J

-



Boolean Algebra
Three switches are used to operate a lamp, the lamp is ON when at least two switches are

switched ON. Realize a logic circuit for this lamp

Solution

Let the three switches are A, B, and C and the lamp isY
BCBC BC BC BC

Truth Table A 00 01 11 10
Al B C] Y mo| o [ o |1 | o
0 1 1 3 2
O 0 O mO . !
A1 0 i 4 1 1
0 0 1 0 m; 4 5| 7 6
0 ! 0 0 | Y=AB+BC+AC
0 1 1 1 m, A
1 0 0 0 m, B |
C
1 0 1 1 Mg | || I |
1 1 0 1 Mg \i i.J
AB BC AC
1 1 1 1 m-, |

R

<
—_—

Y=) mg,mg,mg, my
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Combinational Logic Circuits

Combinational Logic Circuit 1s a circuit consists of logic gates connected together to produce a

specified output for certain combinations of input variables, with no storage involved.

| Acombinational circuit consists of input variables, logic gates, and output variables.

Combinational circuits don’t memorize old values of data. The outputs at any time instant T, are determined by the values of
the inputs at the same time instant T.

—— G
— | Combinational |—u

ninput . Logic . moutput

variables Circuit - variables
LS Bl g

Digital computers perform various arithmetic operations, such as addition which implemented/designed
using adder circuits.



Combinational Logic Circuits

Adder Circuits: half adder & Full adder
1- Half Adder: a circuit used to add two bits together and needs two binary inputs and has two outputs.
Truth Table of Half Adder

[ — —— Carry Inputs Outputs
Inputs Half Outputs ‘ A B Carry Sum
adder
B— — Sum Y el 0 0
0 1 0 1
] 1 0 0 1
Logic Symbol - 1 : 2

Design or Logic Diagram of Half Adder
Boolean expression for Sum: S=A @B = AB+AB

Boolean expression for Carry: C =AB
A >
v v i

Carry

Logic Diagram



Combinational Logic Circuits

2- Full Adder: needs three binary inputs
Truth Table of Full Adder

Cin
l Inputs Outputs
. A B C, | Carry | Sum
Full 0 0 0 0 0
adder Sum e ————— e
B 0 0 1 0 &0
0 | 1 0 i iz
] [ [ [l
- 1 0 0 D G,
Logic Symbol : 0 = 7 0
! 1 AR D).
1 I PRl E T




Combinational Logic Circuits

Full Adder

For carry (C For sum

out)

A 00 O1 11 10

-
‘--

o]l o [E1dl o I-.:’{‘;.

1 1] o ::1'}| o

Cou: = AB+A C;,+B C;, Sum = A BC;,+ABC;,+AB C;,+ABC;,

Design or Logic Diagram of Full Adder - — _
Sl or oy ’ Sum=A BCy, +ABC;, +AB C;, +ABC;,

B - 4 o s — - -—
R )L > o = C;, (AB+AB)+ C,, (AB+A B)

'—TD— =C.. (A ® B)+C,, (A®B)
A : - iy

— 1 > > cw - C;, (A®B)+C,, (AGB)

|.':ir-u

= — - C, ©(AGB)




Combinational Logic Circuits

Subtractor
Half Subtractor: needs two binary inputs

Truth Table of Half Subtractor

, Inputs Outputs
A Difference
ol A B  Difference Borrow
Inputs a Outputs 0 0 0
o Subtractor | Borrow sithiit DL
— 0 1 il Wi
T () Gkl 0
Logic Symbol 1 1 0 0




Combinational Logic Circuits

Half Subtractor
For difference For borrow
=!
A 0 1
10 0 "1
0 1 0 0
Difference = AB + AB Borrow = AB

= A@B

Design or Logic Diagram of Half Subtractor

A £

)D— Difference
E, <r
Dc D7 Borrow




Full Subtractor

Combinational Logic Circuits

FULL

SUBTRACTOR

Logic Symbol

Truth Table of Full Subtractor

Bout

v

INPUT QUTPUT
A B Bin | D Bout
0 0 0 0 0
0 |0 1 1> |AA>
0 1 0 [T
0 1 1 I
1 0 0 |1 ] 0
1 0 1 0 0
1 1 0 0 0
1 1 1 |1 oA




Combinational Logic Circuits

Full Subtractor
\ Bin Bin

Bout = A'Bin + A'B + BEBIn

Design or Logic Diagram of Full Subtractor

S > °
B,
Bin

D = ABB,+ABE,+ABB, +ABB,
B, (AB+AB)+ B, (AB+ AB)

B, (ADB)+ B, (A® B)
B.(A® B)+ B, (A®B)
Bin B, ®(AS B)

el L

W
"

U



Combinational Logic Circuits

Multiplexer (many to one)
In digital systems, need a multiplexer circuit used to select single data line from multi data-input lines,

and the data from the selected data line should be available on the output.

The selection of a particular input line is controlled by selection lines (S) “Signals”. Known Data

Selector s «ysed as control”

n
There are 2 input lines and n selection lines whose bit combinations determine which input is selected.

(  Dg—=
D1 —
e < =5 3 — Y (Output)
lines > 2N . 4
Multiplexer Y (Output)
D.on_q —=
\ T2 IC 74153

Enable —=

input
P Pt
Sn—1 S1 SO
\—W__J

Select inputs
(a) Block diagram of 29519 multiplexer {b) Equivalent circuit



Combinational Logic Circuits

Multiplexer

Example (1)

Design an 2 to 1 multiplexer circuit
Solution

Number of inputs = 2 and number of outputs =1

_ no of control bits
Number of inputs = 2

no of control bits

1 no of control bits

2 =2
E Y
Data 1% 2:1 B 1 0 Dy
inputs ___| 4 MUX P 1 1 D,
Enable—={E S
input * 0 X 0

Select input
(c) Logic symbol (b) Function table

Dy ©

:DLiEEDﬂ + ESD;

KD
D, o 3_

o

Enable o—
(E)

=
{a) Logic diagram




Combinational Logic Circuits Po®

DiiEEDﬂ + ESD,

Multiplexer

1)
DA 2 -

Working of 2 to 1 multiplexer circuit Enable o—| ?
RN : : ‘ . (E)
o When E =0, output is 0, ie. Y = ( irrespective of any input cond:

=S
{a) Logic diagram

o When E =1, the circuit works as follows :

2. When § = 0, the inverted 5, that is 1 gets applied as second input to first AND

gate. Since S is applied directly as input to second AND gate; its output goes

zeto irrespective of first input. Since the second input of first AND gate is 1, it
output is equal to its fiest input, that is Dy, Hence Y = D),

b. Exactly opposite is the case when § = 1. In this case, second AND gate output
is equal to its first input D; and first AND gate output is 0. Hence Y = D,
Both these cases are summarized in truth table shown in Fig. 5.1.2 (b).



Combinational Logic Circuits

Demultiplexer (One to many)
It is a circuit that receives information on a single line and transmits this information on one of 2" possible

output lines.

Data input

Data input

Enable

Sp-1 Sy So Sp1 S2 $4 S
Select inputs
(a) Block diagram (b) Equivalent circuit



Demultiplexer

Example (2)

Combinational Logic Circuits

Design an 1 to 4 demultiplexer circuit

Solution

Number of inputs = 1, number of outputs = 4

Number of control bits = log,4 =2

1:4
L DEMUX

Sy

|

3y

Fig. 2.17 (b) Logic symbol

Enable (E)] S4 | S | Din| Yo | Ya | Y2 | Y3
0 X | X | Xx|o0o]lo]|0Oo)|O
1 0 0 ] 0 O 0 0
1 0 0 1 1 O 0 0
1 o100l 0O0oj0]| 0|0
1 a | 1 1|0l 1|00
1 1 0 0 0 0 0 0
1 1o} 1|00 1[0
1 1 t1]o0|(0j0|0]| O
1 1 1 1 0 ) 0 1

(b) Function table for 1

: 4 demultiplexer

Din is routed to ‘:’ﬂ
":"D =E 51 SD Din

Dy, is routed to Y,
Yy =E S5y 5Dy,

Din is routed to ‘n"z
‘&’2 =E 51, SD Din

D, is routed to Y4
Yq=E5; 5,0,

Enable

{a) Logic diagram
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Combinational Logic Circuits

Decoder (many to many)
It is a multiple-input, multiple-output logic circuit used to convert coded inputs into coded outputs

where the input and output codes are different.

Number of inputs = number of control bits = n n-data
inputs

)

¥ n
N Decoder | - 2 outputs

i =y ibl
- Possible

Number of outputs = 2

Enable — :
inputs




Combinational Logic Circuits

Decoder
Example (1) A B
Design an 2 to 4 decoder circuit
Solution | '
Number of inputs = number of control bits =n =2 V V
) Inputs Outputs A 8
- L L ’ ! _} Y,=AB
v " EN A B Y, Y, Y, Y,
i)
L — o Ly 0 X X 0 0 0 0 { ¢ ._D Y,=AB
g — Decoder — v, P ’ : : ’ —
R e 0 1 0 0 0 ¢ = ) Y,=AB
1 1 0 0 0 0
1 1 1 0 0 0 ¢ ! T_D Y,=AB

Table 2.8 Truth table for a 2 to 4 decoder 2 10 4 decoder circuit

As shown in the truth table, if enable input is 1 (EN = 1), one, and only one, of the
outputs Y, to Y3, is active for a given input. The output Y is active, i.e. Y5 = 1 when
inputs A = B = 0, the output Y, is active when inputs A =0 and B = 1. If enable input is
0, i.e. EN = 0, then all the outputs are 0.



Combinational Logic Circuits

Encoder (many to many)

It is a digital circuit used to perform the inverse operation of the decoder. An encoder has 2
(or fewer) input lines and n output lines.

N

In encoder, the output lines generate the binary code corresponding to the input value.

Number of outputs = number of control bits = n ; :j—
2 -dala
_ AL inputs : ::
Number of inputs = 2 Zn i n data
Encoder | :  Outpuls

inputs :



Combinational Logic Circuits

Encoder
Example (2)
Design an 8 to 3 encoder circuit
Solution
Number of inputs = number of control bits=n =38 By
DO (DI | D2 D3 | D4 | D5 D6 | D7F| A B C b —
Do ™ 1 loloflo|o|lo|loflo|o]|o]o D,
D1 o1 |olo|lo|lo|o|o]|o]|o] )
D - Encoder | * o|lo|1|ojoflolof[oflo]|1]|o ’
E I B o Jololtr[ololololo] 1|1 by
Dy — o|lojofo |1 |[o]of[of1]0o]o b,
Dy — ojlojofo|o|t1]o]of|1]o]]
D, | olofofojolo| 1o |1 ]o Dy -
o|lojofo|o | oo | 1|1 |1][] D, 1
A =D;+ Dg+ Dg+ D, 8 to 3 encoder circuit

B=D,+ D3+ Dg+ Dy
C =D; + D3 + Dg + Dy,



Combinational Logic Circuits

Binary to Gray Converter

Gray to Binary Converter

Binary
B,

Gray

G, (LSB)

Y R

B. —e
x G-
B; —e G, (MSB)
Gray Binary

Gy —
o DB{, (LSB)

B; (MSB)



Combinational Logic Circuits

Example (3)
Design 6 bit binary (101101) ,, to gray
. Solution
1 01101
% 11011
gray code Is (111011)¢ 1 e Gray olutput
. Go
0 =, & .
1 8- e




Combinational Logic Circuits

Example (4)
Design 4 bit gray (1011) to binary
© Solution
1 011
V7
1101
binary code is (1101),
Gray Input Binary Output
1 Go ) B, 1
° (' B, 1
1 (




Sequential Logic Circuits

Digital circuits are divided into two categories combinational logic circuits and

sequential circuits.

In combinational circuits, the output at any instance of time depend on the inputs
present at this instance of time i.e., there is no memory in these circuits.

In sequential circuits, the output at a particular instant of time depend on the present
Inputs and previous output i.e., these are elements used to store past information.
These elements are known as memory.

‘ Combinational

: Inputs circuit

: (Combinational

componentl)
: I Memory
: elements
—ap—
Present state (Sequential Next state

component)

. 1 ]
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo Frrasssssnnne?

Sequential circuit

inputs

Current
State

X, ————>
X, —————>
Combinational
xI:I a
v o Circuit
— ¥

> 7
>
outputs
H Im
Y, Next
: State
Y,




Sequential Logic Circuits

There are two types of sequential Logic circuits namely Synchronous and
Asynchronous.

In synchronous sequential circuits, the memory elements are clocked elements such
as FI'p'FIOp Inputs ————p » Outputs

Combinational
circuit

Flip-flops

Clock pulses

Power

(a) Block diagram

(b) Timing diagram of clock pulses

Flip-Flop and Latches : circuits used to store 1-bit of data “ 0” or “1”.

Flip-Flops and Latches can be designed using two NOR gates or two NAND gates,
currently, all gates of these circuits packaged in one digital IC.



Sequential Logic Circuits
Asynchronous Sequential Circuits

et

w|

=~

Jualdl) g
(Mode of Operation)

« SR Latch

o

Latches S D
[

R

Qo

L zsenall jul gl 5i Jlasdl ais s
Invalid condition
Jlaall aus o)
Latch SETS
Jledll ju2 s ol
Latch RESETS
No Change

Synchronous Sequential Circuits
Flip-Flops

* Clocked SR Flip-Flop (control input of SR Flip-Flop)

D Flip-Flop




Sequential Logic Circuits

SR Latch
This circuit used to store one bit of data “ 0” or “1”.
. - SET R (Reset
! B | mput §  Or—Qoutput 1 Q
B = RESET -
e Input £ 0 output S (Set) ; a
Logic Symbol of SR Latch Circuit implementation

SR Latch Circuit



SR Latch

Sequential Logic Circuits
Truth Table of SR Latch

sl > .
gl S Juadill pud g (Mode of Operation)
S R 0 3 Sl all 3
0 Oy |o (il aue) lwa¥! pis g No Change
0 l 0 |1 Jladll yu& pus g Latch RESETS
| 0 I o Jladll aus s Latch SETS
l | 9 y | gsas 2 sy 9l Hlasl gz Invalid condition

Unknown output

Pt

Operation of the SR Latch Circuit

Case 1

X prohibited (forbidden)
Q: Present State
Q : Next State

R [Resel

S (Set) —— 2 q

SR Latch Circuit implementatic

So, we should not use this condition to avoid instability for the circuit when operate.

- if § = R = 0 atthe same time, the state of the SR latch not change (the output values don't change).

Case 2 'ifS = 0 and R = 1 Here, if R is changed to become 1 after occurring case 1, the output Q=0 “the latch saves 0”

for temporary time.

Case 3: S=1and R = 0 Here, if Ris changed again to 0 with change S to 1 and after occurring case 2, the output Q=1.

Case 4 ;

S=land R=1

We don’t allow to use case 4, due to the output state unknown.



Sequential Logic Circuits

Latches
The output state “Q” changes with changing the inputs

Disadvantage of the Latch

This circuit causes a delay to transfer the data through a

system
i.e.1 0101010



Sequential Logic Circuits

Clocked SR Flip-Flop
used to store one bit of data “ 0” or “1”.

It operates according to timing. This time represented by a clock pulse (CK).

L_"_J

T D
0— f \) — 0 ¢
‘ j > CK j CK —¢
S — - 0
I A S
0 —
~ Logic Symbol of Clocked SR Flip-Flop Clocked SR Flip-Flop Circuit implementati

The external clock pulse is applied to the clock input of the Flip-Flop.

Two NAND gates are connected to the main Latch to get the Synchronous
characteristic.



Clocked SR Flip-Flop ~ Sequential Logic Circuits
Truth Table of SR Flip-Flop

. : § —— > =

ot & Juadill ais g (Mode of Operation) 0
S RCK 0
0 0 X 0O, (Guaidl aue) Wle¥l ps g No Change

J_ CK—9
0 1 | 4 0 Jledll yud g ol Latch RESETS
1 o | % 1 Jlaall g ol Latch SETS | }3 0
1 1 4 L 7 gaun pul puds g 9l sl =9 Invalid condition R
T

Unknown output Clocked SR Flip-Flop Circuit implementation

Operation of the Clocked SR Flip-Flop Circuit

Case 1 - if § = r = o Apply clock pulse, the output state remain as it is before reaching of
the clock pulse “output don’t change”.

Case 2 :ifS =0 and R = 1 and clock pulse jumps from O to 1, the output Q=0.

Case2: S=1and R=0 andclock pulsejumpsfrom O to 1, the output Q=1.

Cased: S=1andR=1 Wedon’tuse this case due to the output state unknown.



Sequential Logic Circuits
Example (1)
Draw the timing diagram for the output Q of the SR Flip-Flop, if
input pulses for S, R, CK in Fig. 1. Let that the Flip-Flop gives output S

Q= 0 before arriving the first clock pulse.
Solution R

1-At arriving the first clock pulse, S=0, R=0, therefore, the output doesn’t change :Q=O

Fig. 1

2- At arriving the second clock pulse, S=0, R=1, therefore, the output remains as it is Q=0 (Reset) 3- At arriving the third

clock pulse, S=1, R=0, therefore, the output changes to Q=1 (Set)

4- At arriving the fourth clock pulse, S=0, R=1, therefore, the output Q=0 (Reset) 5- At arriving the fifth

clock pulse, S=1, R=0, therefore, the output Q=1 (Set)
6- At arriving the six clock pulse, S=1, R=0, therefore, the output remains Q=1

CK

e e e AL

fol

Timing Diagram

Jalall

R

—_— - = | O |

0
1
0
1




