Digital Techniques

VEIS Computer Education

INDEX
Chapter No. Description Page No.
1 Introduction 2
2 Number system )
3 Conversion of numbers 7
4 Arithmetic operations in binary system 18
5 Codes 24
6 Boolean algebra o 28
7 Logic gates 37
8 Designing of logic circuits 42
9 Arithmetic circu:ns 44
10 Data processing circuits 48 |
11 Flip flops 57
12 Registers and counters 63
13 Lcgic families 67
14 D/A and A/D conversion 1
HARDWARE NOTES 1/78




Digital Techniques VEIS Computer Education

CHAPTER 1
INTRODUCTION

1.1
(i)

(i)

1.2.

Analog and Digital Signals
Analog signal: A continuously varying signal (voltage or current) IS

called an analog signal. For example, an Alternating Current varying

sinusoidally is an analog signal. If such an analog signal is applied to the input of a
transistor amplifier, the output voltage will also vary sinusoidally. This is the analog
operation i.e. the output voltage can have an infinite nuinber of velues. Due to many

. . A
valued output, the analog operation is less reliable.

v

N

Digital signal: A signal (voltage or current) thai can nave only two

discrete (separate) values is called a digiiai signal, for example, a

square wave. It is because this signal has only two values viz, +5V ang 0V and no

other value. These vaiues are labeled as high and low. The high voltage is + 5V and
the low voltage is OV. if proper digital signal is applied to the input of a transistor,
the transistor can be driven between cut off and saturation. In other words, the
transistor wili have two state operation i.e. output is either low or high. Since digital
operatiori has only two states (i.e. ON or OFF),so it is far more reliable than many

value analog operation. It 1s because with two*sfate operations, all the signals are

easily recognised as either low or high. By [ l_l

v

Dioital Circuit

An electronic circuit that handgles only a digital signal is called a digital

circuit.

The output voitage of a digital circuit is either low or high and no other

value. In other words, digital operation is a two state operation. These are

(High or Low) or (ON or OFF) or (1 or 0). The digital system uses only

two digits, 1 and 0 and is called the binary number system.
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1.3. Binary Number System

A number system is a code that uses symbols to count the number of
items. The most common and familiar number system is the decimal
number system. The decimal number system uses symbols 0 to 9. Thus the
decimal system uses 10 digits for counting the items. A binary system uses

only two digits 0 and 1 for counting the items.

1.4. Counting in Decimal and Binary System

Decimal Binary
0

1

10
11
100
101
110
111
1000
1001

a) Each binary digit (Bit) 0 or 1 is referred to as a Bit. A string of four

© 0O N oo o1 B~ W N+, O

bits is called a Nibble and eight bits make a Byte.
b)  The binary number sysiem is the most useful in digital circuits

because there are only two digits (0 and 1).

1.5, Place Value
For the decimal numbers, the digit to the extreme right is referred to as the

Least Significant Digit (LSD) because its positional value is the lowest.
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The left most digit in the decimal number is the Most Significant Digit
(MSD) because its positional value is the highest.

For binary numbers, the digit at the extreme right is referred to as Least
Significant Bit (LSB). The left most digit is called the Most Significant Bit
(MSB).

EXERCISE 1

Q.1 Fill'in the blanks

(i) A continuously varying signal is called _ . (Analog

signals)
(i) A signal that has only twc different valied is called
.(Digital Signal)

(i)  The number system used by the digital circuit is called
. (Binary number systein)
(iv) In a number, the digit to the extreme right iscalled

(Least Significant Digit).
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CHAPTER 2
NUMBER SYSTEM

2.1. Introduction

Decimal number system is the most common number system about which
we all are aware of but modern digital computers do not understand this

system because they are based on the binary systemi.e. 1 and 0.

a) Binary Number System - Binary system uses 2 digits or
symbols i.e. 0 and 1, therefore its base is 2.

b)  Octal Number System - Octal system uses 8 digits or

symbols ie. 0 to 7, therefore its base is 8.

C) Hexadecimal Number System — Hexadecimal uses digits 0 10

9 and alphabets A to F ie. 16 symiols, therefore its base is 16.

2.2. Comparison of Decimal, Binary, Octal and Hexadecimail

Decimal | Binary | Octal Hexadecimal |
0 0000 |0 B
1 0001 |1 1
2 0010 |2 2 ]
13 0011 |3 3
4 0100 |4 4
5 0101 !5 5
6 0110 |6 6
7 0111 |7 7
Kl 1000 |10 8
9 1001 |11 9
10 1010 |12 A
i1 1011 13 B
112 | 1100 |14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
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EXERCISE -2

Q.1 Fill'in the blanks
(i)  The number system, which we use in our day-to-day life is
. (Decimal number system)
(i)  The number system used by the digital computers is
(Binary number system).
(it)  The number of symbols used by a number system is called

. (Base)
(iv) Base of Hexadecimal number system is . (16)
(v)  The Hexadecimal number system uses - (Digits 0

to 9 and alphabets A to F)
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CHAPTER 3
CONVERSION OF NUMBERS

3.1. Decimal to Binary Conversion

Integer

a) Divide the decimal number by 2 until you get a quotient of 0.
b)  Note down the remainders from bottom (MSB) to top (LSB).

Example: Convert (14);0 into Binary.

2 |14 R
S

2 |7 0 /

2 |3 1

2 |1 1

The binary equivalent will be 1110, so {14),, = (1110),.

Fraction
a)  Multiply the fraction by 2.
b)  Note down the carry from top (MSB) to bcitom (LSB).

Example. Convert (0.24);, into Binary

024 x 2 = 04 - O
048 x 2 = 09 - O
096 x 2 = 192 - 1
€92 x 2 = 184 - 1 v

(024)10 = (0011)2

Note: if we will convert to base 8 or base 16, 8 and 16 would replace the

value of 2.
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3.2. Decimal to Octal Conversion

Integer
a) Divide the decimal number by 8 until you get a quotient of 0.

b) Write down the remainders from bottom (MSD) to top (LSD).

Example: Convert (87)1, to Octal

8 |87 R S
8 110 7 LSD
8 |1 2
(87)10 = (127)g
Fraction

a) Multiply the decimal fraction by 8.
b) Write down the carry from top {MSD) to bottcm (LSD).

Example: Convert (0.11) 10 to Octa!

011 X 8 = 08 - 0
088 X 8 = 704 - 7 ‘
004 X 8 = 032 - 0 l
032 X 8 = 256 - 2

(0.11)10 = (.0702)s

3.3. Deacimal To Hexadecimal Conversion

Integer
a) Divias the decimal nurber Ly 16 until you get a quotient of 0.

b) Write aown the remainders from bottom (MSD) to top (LSD).

Examole. Convert (87)10to Hexadecimal
16 |87 R
|

16 |5 7 LSD/
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(87)10=(57)16

Fraction

a) Multiply the decimal fraction by 16.
b) Write down the carry from top (MSD) to bottom (LSD).

002 X 16 = 032 - O
032 X 16 = 512 - 5
012 X 16 = 192 - 1
092 X 16 = 1472 - E v

(0.02)10 = (.051E)y

3.4. Binary to Decimal Conversion

Integer
a) Write the binary number.

b)  Multiply each bit by 2.

c)  Assign the powers to all 2s starting from LSB as 0, 1, 2 and so on.
d)  Add all the values obtained by multiplication.

Examplz: Convert (1110); to Decimal

1110, = 1x2 +1x22  +1x2! + 0x2°
= 1x8 + 14 + 1x2 + 0x1
= 8 +4 +2 +0
= 14

(1110)2 = (14)10

Fraction
a) Write the binary fraction.

b) Multiply each bit 2.
C) Assign powers to all 2s starting from MSB as -1, -2, -3 and so on.

d)  Add all the values obtained by multiplication.
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Example: Convert (.111), to Decimal

0.111, = 1x2! +1x2?%  +1x2°
= Y Ya 1/8
= 05 0.25 0.125
= 0875

(.111), = (0.875)10

3.5. Octal to Decimal Conversion

Integer
a) Multiply each digit by 8.

b)  Assign powers to all 8s starting from LSD as 0, 1, 2 and 50 on.

c)  Add all the products to get the decimal equivalent.

Example: Convert (165)g to Decimal

(165)s = 1x8? +6x8"  +5x8°
> 1x64 + 6X8 +5x1
= 64 + 48 +5
= 117

(165)s = (117)10
Fraction
a) Multiply each fraction digit by 8.
b)  Assign powers to all 8s starting from MSB as 0, 1, 2 and so on.

c)  Add all the products to get the decimal equivalent.
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Example: Convert (0.52)8 to Decimal

0.52g

(.52)s = (0.65625)1¢

5x87 + 2x87?
5/8 + 2/64
5/8 +1/32

20 + 1

32

21

~--- = 0.65625

32

3.6. Hexadecimal to Decimal Conversion

Integer

a) Multiply each hexadecimal digit by 16.

VEIS Computer Education

b)  Assign the powers to all 16s starting from LSD as 0, 1, 2 and so on.

c)  Addall the products to get decimal equivaient,

Example: Converi (A9E)s to Decimal

A9 E16 =

(AgE)16 = (2718)10

Fraction

Ax16°
10x16
10x256
2560

2718

+ 9x16
+9x16"
+ 9x16
+ 144

a) Multiply each fraction digit by 16.

HARDWARE NOTES

+ Ex16°
+ 14x16°
+ 14x1
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b)  Assign powers to all 16sstarting from MSB as -1, -2, -3 and so on.

C) Add all the products to get decimal equivalent.

Example: Convert (.1C)16 to Decimal.

1Cy6 = 1x16™ + Cx1672
= 1/16 + 12/256
16 + 12 28
= 256 = -
256
= 0.109375

(.1C)16 = (0.109375)10

3.7. Binary to Octal Conversion

Integer
a) Make group of 3 bits from right (LSB) to left (MSR).

b)  Convert these grougs into their Cctal equivalent.
c)  Write the octal equivalents from left (MSD) to right (LSD).

Exampie: Convert (1110}, to octal

(1110)2 = (16)s
a) iViake group of 3 bits from left (MSB) to right (LSB).
b)  Convert these groups into their octal equivalents.
c)  Write the octal equivalents from left (MSD) to right (LSD).
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Example: Convert (.01011), {5 Octal.

Ly A

»
»

2 3

v

3.8. Binary to Hexadecimal Conversion

Integer
a) Make group of 4 bits from right (LSE) to (MSB).

b)  Convert these groups into their hexaaacimai equivaleiit.
c)  Write the hexadecimal equivalents from left (MSD) to right (LSD).
Example: Convert (111011), to Hexadecimal

SIS ) RN W W

NV
3 11
3 B
(1139); = (3B)ss -
Fractions

a) Make group of 4 bits from ieft {iMSB) to right (LSB).
b) Corivert these groups into tneir hexadecimal equivalent.
c)  Write the hexadecimai equivalents from left (MSD) to right (LSD).

Exam\ole: Convert (.01011), to Hexadecimal.
0 1 0 j 1
\\"_\\ﬁ

S) 1

v
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(.01011), = (.51)6

3.9. Hexadecimal Decimal to Binary Conversion

Integer
a) Convert each hexadecimal digit into its 4 bit binary equivalent.

b)  Write the binary bits in the same order to get the binary equivalent.

Example: Convert (2D5),6 to Binary.

(2D5)16 = 2 D 5
= 0010 1101 0101
(2D5)16 = (1011010101),
Fraction

a) Convert each hexadecimal digit into its 4 bit binary equivalent.

b)  Write the binary bits in the same oraer to get the binaiy equivalent.
Example: Convert (.47) is to Binary.

(47) 16 = (G100 0111) 2
(.47) 16 = (.01000111) 2

3.10. Hexadecimal to Octal Conversion

Inteqer
a) First convert hexadecimal izito its binary equivalent.
b)  Then make groups of 3 bits from right (LSB) to left (MSB).

c)  Then write the octal equivalents of these groups.

NOTE: This ccnversion is also possible by first converting hexadecimal
into its decimal equivalent and later converting decimal equivalent into its

octal equivalent.

HARDWARE NOTES 14/78



Digital Techniques VEIS Computer Education

Example: Convert (47)16 to Octal
(47)16= (0100 0111),

= (01 000 111),
=@ 0 7
(47)16 = (107)8

Fraction

a) First convert hexadecimal into its binary eoguivaient by converting
each hexadecimal digit into its 4 bit binary equivalerit.

b)  Make groups of 3 bits from left (MSE) to right (LSB).

C) Convert each 3 bit group into its octel equivalent.

Example: Convert (.4C)y to Octal.
(4C)1s = (.0100 1100),
(.01001100), = (.01 01% 000),

2 3 0
(:4C)16 = (.230)4

3.11. Octal to Hexadec!mal Conversion

Integer

a) First convert octal into its birary equivalent by converting each octal
digit into 3 bit binary equivalert.

b)  Make group of 4 bits from right (LSB) to left (MSB).

C) Convert each 4 bit group into its hexadecimal equivalent.
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Example: Convert (67) g to Hexadecimal.
(67)g = (110 111),
(110111) , = 0011 0111

3 7

(67)e = (37)16

Fraction

a) First convert each fraction digit into its binary eouivaient by
converting each digit into 3 bit equivalent.

b)  Make groups of 4 bits from left (MSB) to right (LSB).

C) Convert each 4 bit group into its hexadecimal equivalent.

Example: Convert (.23) ¢ 10 Hexadecimal
(.23)g = (.010 CL1),
(.010011) , =.0200 1100

4 12

(23) 3= (4C)16
Note: This conversion is also possible by first converting octal into its

decimal equivalent and then decimal into hexadecimal.

3.12. Qctal to Binary Conversion

Integer
a) Convert each octal digit into its 3 bit binary equivalent.
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b)  Write the binary bits in the same order to get octal equivalent.
Example: Convert (23) g to Binary.

(23)5 = (010 011),

(23)5 = (010011),

Fraction
a) Convert each fractional digit into its 3 bit binary equivalent.

b)  Write the binary bits in the same order to get the octal equivalent.
Example: Convert (.37) g to Binary.

(.37)s = (011 111),
(.37)5 = (.011111),

EXERCISE 3

Q.1 Fill in the kianks:-
(i)  Binary, octal and hexadecimal equivaleint of decimal number

14 is .
(iy  Binary number can be converted into its octal equivalent by
making . (sets of three hits from LSB).
(i)  Binary numpoer can be converted into its hexadecimal
equivalent by making _ . (sets of four bits from LSB).
Q.2 Convert

() = (1110.111), < o [14.875]
Gi)  (87.11)0 S e [127.0702]
(i) (1110.01011), = ( e [16.26]
(iv) (111011), = )ie  [3B]
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ARITHMETIC OPERATIONS IN BINARY SYSTEM

4.1. Binary Addition

Rules

0O + O
o + 1
1 + O
1 + 1

= 0
= 1
= 1

= 0 plusa carry of 1 tc next higher column

Example 1: Add the binary number 10011 and 1001.

Carry
MSB

1
1 0 0
+ i 0
1 1 1

1
LSB
1 1
C 1
0 0

Example 2: Add the binary number 100111 and 11011.

Carry

HARDWARE NOTES

1 1 1
1 0 0
+ 1 1
0 0 0

1 1

1 1 1
0 1 1
0 1 0
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4.2. Binary Subtraction

Subtraction is done by direct method and complement method. Computer
does the subtraction by the complement method.
a) Direct Method

Rules

o - 0 =0

0 - 1 = 1withaborrow from the next column
1 - 0 = 1

1 - 1 = 0

Example 1: Subtract the binary number 1110 frori 10102.
1 0 1 0 1
- 0 1 1 1 0

0 C 1 1 1

In the first column, o is subtracted from 1. No borrow is reduired in this case and the result is 1. In
the second column, we have to subtract 1 from 0, borrow is necassary to berform this subtraction. So
a 1 is borrowed from ttie third column, wnich becomes 2 in the second cciumn because the base is 2.
Now in the second column, we subtract 1 from 2 giving a result of 1. The borrow performed in the
second colimn reauces the 1 in the third column to 0. So in the third column, once again we have to
subtract 1 from 0 for which borrow is required. The fourth column contains a 0 and thus has nothing
to borrow. Therefore we have to borrow from the fifth coluran. Borrowing 1 from the fifth column
gives 2 in the fourth column. Now fourth column has soriething to borrow. When 1 of the 2 in the
fourth column is borrewed, it tecomes 2 in the third coiumn. Now in the third column, we subtract 1
from 2 giving a result of 1. The borrow performer in the third column reduces the 1 in the fifth
column to 0 and the 2 in trie fourth colum to 1. Hence, subtraction of the fourth column is now 1
from 1 giving 0. Thus the final result of subtraction is 00111,.

Example 2: Subtract the binary number 01110000 from 101110.
1 0 1 1 1 0 0
- 0 1 1 1 0 0 0
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b)  Complement Method

Complements method is used in digital computers for simplifying
the subtraction operation and for logic manipulations.
Complements are of two types. These are as follows:

(i) 1’s complement
(i)  2’s complement

(i)  Subtraction by 1’s complement

In the 1’s complement each 1 is changed to 0 and G to 1.

Number 1’s Complement

100 011
1010 0101
111 000

Example 1: Subtract 101 from 111
Take 1’s complement of number to be subtracted. Add it to tihe given

number.

+ 0 1 0 (1’s complement of 101)

Fourth (Extra) bit {left bit) is called End Around Carry (EAC). Add this
EAC to the remaining three bits. When EAC is present means answer is
positive.

0 0 1

0 1 0 (final answer)
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Example 2: Subtract 1101 from 1010
1 0 1 0
+ 0 0 1 0 (1’s complement of 1101)
1 1 0 0
No EAC means answer will be negative. To get the answer, convert
this result in the 1’s complement.
- 0 0 1 1 (1’s cormplerrient oi 1100).

i)  Subtraction by 2°s complement
2’s complement is 1’s complement +1.

Number 1’s Complement 2’s Cornolement

100 011 011+1=100
1010 0101 0101+1=0110
111 009 000+1=001

Example 1: Subtract 101 from 111
Take 2’s complement of number to be subtracted. Add this to the given

number.
+ 0 1 1 (2’s complement of 101)
1 §) 1 0

Discard this EAC. When EAC is present means answer is positive.

4] 1 0 (final answer)
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Example 2: Subtract 1101 from 1010
1 0 1 0
+ 0 0 1 1 (2’s complement of 1101)
1 1 0 1
No EAC means answer will be in negative, to get the answer
convert this value in the 2’s complement.

- 0 0 1 1 (2’s cormplerrient o1 1101).

4.3. Multiplication
Multiply 101 with 101

1 0 1
1 0 1
1 0 1

4.4. Division
101 |11011 |101
101
111
101
10
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EXERCISE -4
Q.1 Fill'in the blanks
(i)  1’s complement of 100 is . (011)
(i)  2’s complement is . (L’s complement + 1)
(i) In 2’s complement method, EAC is . (discarded)
(iv) In2’s complement method, if there is no EAC, it means answer
IS . (negative)
(v) EAC stands for . (End Around Carry).

Q. 2 Addition / Subtraction
(i) Add 10011 and 1001
(i) Add 110011 and 1111
(ilf)  Subtract 101 from 111 by 1’s complement
(iv) Subtract 1101 from 1010 by 1’s compiemeiii
(v)  Subtract 101 from 1121 by 2°z complement
(vi) Subtract 1101 from 101C by 2’s complement
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CHAPTER 5
CODES

5.1. Codes

Codes are the symbolic representation of information, which may be
present in the form of numbers or letters. The symbols used are the binary
digits 1 or 0, which are arranged according to the rules of codes. These
codes are used to communicate information to a digital computer to
retrieve messages from it. A code is used to einable on operation to feed
data into a computer directly in the form of decimal numbers, aiphabets
and special characters. The computer converts these data in to binary
codes and after computation, transforms the data into its original format

(decimal number alphabets & special character).

5.2. Classification of Codes

Codes are ciassified into the fellowing four groups:
(i)  Weignted binary codes

(i) Non-weighted pinary codes

(il  Error detecting codes

(tv)  Alpha numeric codes

5.3.. Weighted Binary codes

Each position of a number represents specific weight. In weighted binary
codes, the bits are multiplied by the weights indicated. The sum of these

weighted bits gives the decimal digit.
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Decimal No | 8421 5421 2421
0 0000 0000 0000
1 0001 0001 0001
2 0010 0010 0010
3 0011 0011 0011
4 0100 0100 0100
5 0101 1000 1011
6 0110 1001 1100
7 0111 1010 1101
8 1000 1011 1110
9 1001 1100 1111

BCD OR 8421 CODE

VEIS Computer Education

Binary coded decimal (BCD) specify thz decimal nuinbers O to S. It

has four bits. The weights are assigned according to the positions

occupied by the digits. The weight of the Tirst (right most) is 2° ie.
(1), the second is 2% ie. (2), the third is 22 ie.(4) and the fourth is 2°

ie. (8). Reading from left to right it hecomes 8421, sc 1t is also

called as 8421 code.

The birary zquivalent of 7 is [111] , but BCD iz [0111] ; i.e. in four

bits.

5.4. Non-Weighted Codes

Non- weighted codes are the codes that are not positionally weighted. This

means that each position within a binary number in not assigned a fixed

value. For example Excess-3 codes and Gray codes.

a) Excess- 3 code

Ain excess-3 code obtains by adding 3 to a decimal number and then

corniverting it into the binary.

HARDWARE NOTES
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b)  Gray Code

Decimal No. BCD Excess-3
0 0000 0011
1 0001 0100
2 0010 0101
3 0011 0110
4 0100 0111
5 0101 1000
6 0110 1001
7 0111 1010
8 1000 1011
9 1001 1100 |

It is a minimum change code in which o1ly one bit in the code grcup

changes when moving form one step o the iiext step.

Decimal No. 8CD Gray Code
0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010 |
4 0100 Q110
5 0101 01il |
- 6 0110 0101
7 0111 0100
\ 8 1000 1100
9 1001 1101

5.5. Error—Deteciion Codes

It is used to detect errors during transmission. An extra bit is included with

the message to make the total number of 1’s either odd or even. The extra

oit is called parity. The parity is either odd or even.

HARDWARE NOTES
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5.6. Alphanumeric Codes

The numbers, letters and the special symbols are called alphanumeric
codes. The alphanumeric codes are ASCII and EBCDIC.
ASCII: The ASCII is pronounced as “as—kee”. ASCII stands
for American Standard Code for Information Interchange. Most of
the microcomputers manufacturers use this code. The ASCII code
represents a character with seven bits with one additional zero bit.

EBCDIC (Extended Binary Coded Deciinal interchange Code): It is

an 8-bit code. It differs from ASCI! oriy in its code graujping for

different alphanumeric characters.

Exercise — 5

Q.1 Fill'in the blanks

(i)  Different grouns of codes are . (weighted, non-
weighted, erior detecting, alpha numeric).

(i)  Deciinal number 9 can te written in 3421 ccdeas . (1001)

(i) BCDstandsfor _ . (binary coded decimal).

(iv)  Ancther name of BCID code is . (8421 code)

(v) Excess-3codeisa . (non-weighted code)

(vi) In_ code only one kit changes in the subsequent steps.
(Gray)

Q. 2 Short notes:
(i)  Computer codes
(i)~ Weighted binary coges
(iif)  Error detecting codes
(iv)  Alpha numeric codes
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CHAPTER 6
BOOLEAN ALGEBRA

6.1. Boolean Algebra

George Boole invented Boolean algebra in 1854. Boolean algebra is used
in simplifying logic circuits. Simplification of Boolean logic reduces the
hardware required to design a specific circulit.
Digital circuits perform the binary arithmetic operations with binary digits
0 and 1. These operations are called logic functions or logical operations.
The algebra used to symbolically describe logic functions is called
Boolean Algebra. Boolean algebra is a set of rules and theoreris by which
logical operations can be expressed symbolically in entation form ancl can
be manipulated mathematically. There are four connecting symbols usedi in
Boolean algebra which are as follows:

a) Equal Sign (=) —

It refers to the standard mathematical equality e.g. A = B.

b)  Plus Sign (+) -

It refers to the logical CR operation e.g. A+B = 1.

C) Multiply Sigin () —

It refers to the logical AND cperatone.g. AB=1.

d) BarSign{ /’)--

It reters to NOT operaticne.g. if A=1, then A’ = 0.

6.2.  Booiean Theorems

There are some basic Boolean theorems that are useful in manipulating and
simplifying Boolean expressions. For convenience, the theorems can be

divided into two groups, which are as follows:
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a) Single Variable Theorems
b) Multi Variable Theorems

6.3. Single Variable Theorems

These theorems refer to the condition when only one input to the logic gate

IS variable.
a) Theorem 1 : A+0 = A
b)  Theorem2 Al = A
C) Theorem 3 : A+A’ = 1
d)  Theorem4 A A= 0
e) Theorem5 A+A = A
f) Theorem 6 ALA = A
g0  Theorem7 A+l = 1
h)  Theorem8 : Al = 0
) Theorem 9 A7 = A

6.4 Multivariable Theoreins

These tneorems refer to the condition when more than one input to the

logic gate are variable.

a) Theorem 10 : A+B = B+A (Commutative Law)

b) Theorem 11: AB=BA ( 7 )

c) Thecrem 12 : A+(B+C) = (A+B)+C (Associative Law)

d) Theoram 13: A(B.C)=(AB).C ( Y )

e) Thecrem 14 : A.(B+C) = AB+A.C (Distributive Law)

Iy Theorem 15 : (A+B).(C+D)= A.C+B.C+A.D+B.D ( ,, )
g) Theorem 16 : A+A.B=A

h) Theorem 17: (A+B)’ = A’. B’ (De Morgan’s Theorem)
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i) Theorem 18: (AB) =A'+B’ ( ' )

6.5. De Morgan’s Theorems

(i)  The complement of a product is equal to the sum of the
complements. AB = A’+B’

(i)  The complement of a sum is equal to the product of the
complements.

A+B=A’B’

6.6. Boolean Expressions

Boolean expressions can be solved by two methods, which are as foilows:
a) Using Boolean Laws/Theorems.
b) By Karnaugh Map (K-Map).

6.7. Solving Boolean Expressions Using Boclean Laws
Simplify:
AB+ BC +B’C
=AB + C(B+B’) (..B*+B’ =1)
=AB+C
Simplify
A’B+AB+AB’
=B(A+A’) +A’.B’
=E+A'.B’
=B+A’ (.. A+A’B = A+B)
Simplify:
A+AB’+A’.B
=A(1+B’)+A’.B
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=A+A’. B

=A+B
Simplify A’.B +C.D’
=(A’. B)’ (C.D)
=(A”’+ B’ ) (C’+D")
=(A+B’) (C’+D)

6.8 Minterm (SOP)

A product term of all variables in either compltinented or un-complimented
formis called a min term.

A two variable function has four possible combinaticns, viz. AB, A’B,
AB’ and A’B’

6.9 Maxterm (POS)

A sum term of all variables in either complimented or un-complimented
formis called a inax tem.
A two variable function has four possible combinations viz A+B, A’+B,

A+B’and A’+B’.

6.10 Karnaugh Map (K-Map)

It is used to simplify the Bcolean expressions. Karnaugh map is made up
of squares. Each square reoresents one min term. Map is designed as per
the number of variables. A variable is represented by 1 and its complement

Is represented oy 0.

6.11 Two Variable Map

a) Write 1 in the corresponding squares of the minterms.
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b)  Tryto make the pairs. If pair is complete then encircle it.

C) Take the common variable from the pairs, which is the solution of
the expression.

There are four minterms for 2 variables; hence the map consists of four

squares, one for each minterm.

S (a) x» (hY ¥ v v

Two-variable map Reprasentation of functiciis in the map

6.12 Three Variable Map

a)  Write 1 in the corresponding squares of the minterms.

b)  Tryto make gquads and pairs. Encircle the quads and pairs.

c)  Take the common variables irom the quads and pairs and add
them.

d) Map can be rolied for making quads ard pairs.

There are 8 mintzrms for three varizbles. Therefore, a map consists
of eight squares. Minterms are arranged as per minimum change

code (Gray Code) i e. only one bit changes in the next step.

yz y
X 00 01 11 10

-

O Xy Xyz| x'yz | X've

.t{l Tl xy'z o xyz | oxyz

Three-variable map
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Simplify: X’yz + X’yz’ + xy’z’ + xy’z

x- ;Q ‘T‘m ”TTJT
4&&:3
NN F=Xy+xy

Simplify: F = X’yz + xXy’z’ + xyz + xyz’

rz Yy
x 00 ol 11 *IFO
LT
x{' 1 l_'j [
F=yz-xZ’
Simplify: F=A’C+A’B+AB’C+BC is equal to
IF=ABC + A’B’C+ A’BC + A’BC’ + AB'C + ABC +-AB’C
BC __ .8
A_00 B gl T il 10
ol |y
, 1
AL

- r=c+aB

Simplify: X’y’z" + xy’z’ + xy’z + X’yz’ + xXyz’

(@h)
=
w

Four Variable Map

a) Write 1 in the corresponding squares of the minterms.

b)  Tryto make octets, quads and pairs. Encircle them.
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c)  Take the common variables from the octets, quads and pairs
and add them.
d) Map can be rolled to make octets, quads and pairs.

It represents 16 minterms. Each minterm represent a square.

¥z oy
w\_00 01 1110

00wy fwi'yz|w' x'yziw'x'yz]

wxy' lwxy' zd wxvz | wixyz
1 ) y )

..‘
-

a

1 fwxy I wey'z| wryz | wayz

1Oy I way oy wa'vz [wa'vs’

(b) z

Important points:

(i)  One square represents one minterm, giving a term of four
literals.

(i)  Two adjacent squares represent a term of three iiierals.

(ilf)  Four adjacerit squares represent a term of two hiterals.

(iv) Eignt adjacent squares represent a termi of one literal.

Sixteen adjacent squares renresent the function equal to 1.

Simplify:

F=w>’y’z" + wX'y’'z + WX'yz" + wW’Xy’z’ + WXy’z + w’xyz’ +

WXY’Z" + WXY’Z = WXYZ’ + WX'Yy’Z" + wxX’y’z

‘l'.\'l

T T T
S D
©

F=y +wWz" + X7’
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Simplify

F=A'B'C’+B’CD’ + A’BCD’ + AB’C’

VEIS Computer Education

is equal to

F=A'B’C’'D+A’B’C’'D’ + AB’CD’ + A’B’CD’ + A’BCD’ + AB’C’D + AB’C’D’

<D
AB__ 00

01

11

C

10

of L]

o

0l

]

m

HARDWARE NOTES
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F=B'D’+B’C’ + A’CD’
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Exercise 6

Q.1 Fill'in the blanks

(1)

(1)
(iii)
(iv)
(v)

Boolean expression can be solved by and
(Boolean Laws, K-map)

A+l = (1)

A+A = (1)

4-variable map consists of squares.  (16)
A quad represents a group of (four 15s)

Q. 2 Write short notes

(i)
(i)
(iii)

Demorgan’s theorems
Min term and Max term
Karnaugh map

Q. 3 Solve the following using K-map

(1)
(1)

XY'Z"+ XY Z' + XY’ Z+ X'YZ' + XYZ’
A’B’C’D + A’'B’C’D” + AB’CD’ + A’G’CD’ + A’BCD’ +
AB’C’D + AB’C’D’
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CHAPTER 7
LOGIC GATES

7.1. Logic Gates
A logic gate is an electronic circuit, which makes logical decision. The

common logic gates are OR, AND, NOT, NAND & NOR gates. The
NAND and NOR gates are called universal gates because using NAND
and NOR gates you can design any gate. OR, AND ana NOT gates are
called basic gates. The Exclusive-OR (X-OR) gate is another logic gate
which can be constructed by using AND, OR and NOT gates.

Logic gates have two or more inputs and orly one cutput except NOT
Gate, which has only one input. The logic gates are the building blocks cf
hardware, which are available 1n the form of various 1Cs. Each Gate has its
own logic symbol. The relationship between input and ouipiit variables of

each Gate can be rerreserited in a tabular form called a truth table.

7.2. OR Gate

OR Gate perferms logical addition. OR gate has two or more inputs and only one

outout. The output of an OR gate will be high -~ ~ere
Inputs Output
when any of the inpuis is HIGH (1). The 4 B Y=4+B
0 0 0
output will be low when ail the inputs are ‘1) (1) i
LOW (0). if A and B are the irput variables L. I B S
of an OR gate and Y is its output, then Y=A+B. A ,
g p 3®_Y

7.3. AND Gate
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AND gate performs logical multiplication known as AND function. AND
gate has two or more inputs and a single output. The output of an AND gate will be

high only when all the inputs are high. If any

of the inputs is low, the output will be low. Inputs - Ou;p“t
: 4 B =4

If A and B are the input 0 0 . ';B
0 1 0

variables of an AND gate and  # vl 0 0
D—_ 1 1 1

Y is its output, then Y=A.B.

7.4. NOT Gate
NOT gate performs logical function calleci complementation {iiiversion).

This gate converts one logic level into the opposite logic level. It has one

| Input Cutput | A —'D‘)—‘ Y

Y | Y=
¥ 1
1 0

input and one output.

7.5. NAND Gate

It consists of an AND gate followed by a F — Smo
NOT gate. its function is jusi opposite to A B Y=4 B
0 0 1
that of an AN gate. (1) (1) }
{ 1 i 0

D 4~ 0 T

—

7.6. NOR Gate

It consists ¢f an OR gate followed by a

Inputs Output
NOT gate. Its function is just opposite to 4 B Y=f+B
0 0
ihat of an CR gate. <1) ! 8
1 1 0
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7.7. Exclusive —-OR Gate (EX-OR Gate)

It consists of two NOT gates, two AND gates and one OR gate. Its output
will be high when inputs are different. Its output will be low when all

inputs are similar.

AB _
A > ::>_‘ y=AB+AB=A®B

,;:ijLm ’ >

A
(@)
DY

B
(b)
Inputs Output
A B Y=A9B
0 0 0
0 1 1
1 0 1
1 1 0

7.8. Exclusive -NOR Gate (EX-NOR Gate)

It consists of an Ex-CR gate followed by a NOT gate. Its ouiput will be
high when all insuts are similar. Its output will be I6w when inputs are
different.

| Inputs l Qutput
| A4 B | Y=405%
) o : A0 B Y=A&B
0 1 0 Y=A®B =
1 0 0 -—A\\\ \ . Aj \
1 ! " _j» e = i Do—
< B

7.9. Building Different Gates Using Universal Gates

NAND and NCR gates are called universal gates because by using these
gates we can rnake all gates like NOT, AND, OR and combination of

these.
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a) Using NAND Gate -

Y=AA=A

Inverter (NOT) gate A -—:D—‘

(a)

= Y=AB

A AB
AND gate B

(b)

OR gate

A

>

NOR gate

(@

VEIS Computer Education

Building of NOT, AND, OR, NOR gates using NAND gate

b)  Using NOR Gate

Legic Gates
NOT cate A ﬂ
IR gate A A+B
Be——

AND gate
. —«:D»J
(©
A—= .
NAND gate -
8- Lo

Building of NOT, AND, OR, NOR gates using NOR gate

HARDWARE NOTES
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Exercise 7

Q.1 Fill'in the blanks

()  Basic gates are (OR, AND, NOT)

(i) Universal gates are (NOR, NAND)

(i) gate has only one input and one output.(NOT)

(iv) Output of a OR gate is high when . (any of the input is
high).

(v)  Output of an AND gate low when . (any of the
input is low)

(vi) NOT gate performs the function. (complementation)

(vii) NOR and NAND gates are called uiiversal gates because
(all gates can be designed by using

these gates)

Q. 2 Write short notes
(i) NOT Gate
(i)  Universal gates
(i)  NAND gate
(iv) NOR gate
(v) Ex-OR gate

Q.3 Build AND, OR, and NOT gates using NAND gates.
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CHAPTER 8
DESIGNING OF LOGIC CIRCUITS

8.1. Introduction

A logic circuit is constructed by using different logic gates. Logic circuits
are designed as per the Boolean expressions. Depending upon the number
of variables and logical operations used in the Boolean expression, the
type and number of gates is decided. Before desigiiing a logic circuit a
Boolean expression should first be simplified so as to reduce the
complexity of the circuit and the number of gates used.

Examples:

Realise the logic expression Y = A’B’ + B’C'+A’C’
A —> Ab

s—{>»—}£—{‘"\\§c_::3:;> )

* t
i~—{>°—:[335

Realise thie logic expression Y = (A+B) (A’+C) (B+D)

Y

N

=AB+BC+AC

Y=(A+B)(A+C)(B+D)
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8.2. Need of Simplification

Boolean expressions are simplified to reduce the hardware requirement.

Given Boolean expression is

XY’z + xXy’z’ + xy’z + X’yz’ + xyz’

Its logic circuit without simplification will be as drawn below:

By simplifying this Boolean expression we get
Z, J‘_ Xy’

So legic circuit vor this will be as shown beiovv:

Yo— ~ e :;;

e DDA

. 'f-ri

——

pra

Without simnlification number of gates used were ----- AND -5, NOT -
3, OR — 1. Afier simplification number of gates have been reduced to ---
AND -1, NOT -2, OR -1.
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CHAPTER 9
ARITHMETIC CIRCUITS

9.1. Arithmetic Circuits

Digital computers and calculators consist of arithmetic and logic circuits,
which contain logic gates that add, subtract, multiply and divide the binary

numbers.

9.2. Half- Adder

The combinational circuit, which performs the arithmetic additioin of two

binary bits, is called half-adder. Half adder has two inputs and two
outputs. In the truth table, the sum output is 1 when AB =01 ard AB =10, therefore the
expression for sum is S = A’B+ AB’ and carry is 1 when A=1, B=1, means AB=1 therefore,

c=AB. It consists of an Ex-OR gate and an AND gate.

Inputs A Outputs 1
Augend Addend Sum Carry
4 E N c
0 0 0 l 0
0 1 1 0
1 0 1 0
| <1 1 oy 1

Inputs Outputs Y
A Hall s _:l
adder um (5
Carry (0) Carry

(b) Logic Diagram

I}

(a) Logic symbol

Be Sum
S=AB+ AB

_@ Carry, C= AB

HARDWARE NOTES 44178



Digital Techniques

9.3. Full - Adder

VEIS Computer Education

A full-adder is a combinational circuit that performs the arithmetic sum of

three input (two variables and a carry) bits and produces a sum (S) output

and a carry (C) output. li consists of two half — adders and an OR gate.

C.

Ar—m—me——

Be——

Inputs

Fuli-adder

Outputs

out

(a) Logic symbol

HA2

Outputs
Z, — Sum

Cie_ Inputs y
2
L — A, z, 5,
HA1
B
B,

(b) Symbol using 2 halt-adders

9.4. Half Subtractor

The half subtractor is a combinational circuit, which is used to perform

subtraction of two bits. It kas fwo inputs, (X, Y) and two outputs

(difference & borrow). It is clea: from the truth table that the difference (D) output is

0,if X=Yand 1if X#Y. The boirow (B) output is 1 whenever X<Y. If X is less than Y, then

subtraction is done by borrowing 1 from the nexc higher bit.

It consists of an Ex-OR gate, a NGT gate and an AND gate.

HS

(a) Logic symbol

HARDWARE NOTES

) X———j) > XeY) D
Y )

out —
(XY) B,

(b) Logic diagram
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9.5. Full Subtractor

It has three inputs (two variables and a borrow) and two

Inputs Outputs
Minuend Subtrahend | Difference Borrow
X Y D
out

0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0

consists of two half subtractors and an OR gate.

FS

(a) Logic symbol

VEIS Computer Education

outputs. It

D1-Bin
B, Xz D,
y HS2
X Xp D12 Boutzr—'_]_'
H31 - D_ﬁ
Y Y1 Bouty p Bour
B Inprts _| Outputs
Minuend bit l Subtrahend bit Borrow in Difference Borrow out
X Y B D B ot
0 0 J 0 0
0 Q 1 1 1
0 1 0 1 1
0 1 i 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
|1 1 1 1 1
A-Y = X2
Bin=Y?2
D = X2-Y2

HARDWARE NOTES
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9.6. Parallel Binary Adder

In the least significant stage, Ao, Bo and Cy are added resulting in sum S,
and carry C;. This carry C; becomes the carry input to the second (next)
stage. Similarly in the second stage A;, B; and C; are added resulting in
sum S; and carry C, and the similar process continues till the last stage.

A, B, ,Iz 132 A 1131 Ay 130

G G, G G+

in

ks
O
o
00 _J

Example: 1111 +1000

Exercise 9

Q.1 Fill'in the blanks
(i) A half addei performs the arithmetic addition of
binary bits. (two)

(i)  Outputs of an adder are called _ and (sum, carry)
(iti)  Nunber of outputs of a halfadderare .~ (two)

(iv)  Number of outputs of a nalf subtractor are (two)
(v)  Outputs of a subtractor are called and

(difference, borrow)

Q.2 \Write short notes
(i)  Half adder
(i) Eull adder
(i) Half subtractor
(iv)  Parallel binary adaer
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CHAPTER 10
DATA PROCESSING CIRCUITS

10.1. Introduction

There are number of data processing circuits used in digital circuits. A few
of them are as follows:

a) Multiplexers

b)  Demultiplexers

C) Decoders

d) Encoders

e) Parity Checkers

10.2. Multiplexer (MUX)

The term “‘multiplex’ means *“ many into one”. Multiplexing is the process

of transmitting a large nuinber of information ovear a single line.

m select signals

r*-—rﬂ
’ l
) A
n.input < *j Multiplexer —-—
signals : 1 ovuiput
. signal

—N

The digital multiplexer (mux) has several (many) data input lines and a

V4|

single output line. The selection of a particular input line is controlled by a
set of selection lines. The selection lines decide the number of input lines

of a particuiar multiplexer. For example, to select 1 out of 4 input lines,
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two select lines are required, to select 1 out of 8 input lines, three select

lines are required and so on.

10.3. 4101 MUX
Data select inputs Qutput
Sy S, Y
0 0 Dy
0 1 D
1 0 Dy
1 1 Dy
Select | « s,
inputs —s,
4-to-1 .y
Do mux Data N
Data — D, output
inputs —D,
Dy

e
b ,ﬂf—@j

(b) Logic diagram
A 4 to 1 multinlexer has four inputs (DO to D3), one output (Y) and two
select inputs (SO and S1). Data input DO is connected to the output Y.
When $1=0 and S0=0 and data input D1 is connected to the output Y.
When S1=0 and SO=1 and so oi. Four input data lines are connected to the
different AND gates to which select lines S1 and SO are also connected.
But select lines SO and S1 enable only one gate at a time, so only one input

data line appears at the output.
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10.4. Demultiplexers (DMUX)

m select signals

1 input - %
signal I &
.__g Demuttiplexer 'Fm:
DMUX : ’g

5

(=]

[~

The word “ demultiplex” means “one into many”. De-multiplexing is the
process of taking information from one input and transmitting the same
over one of the several (many) outputs. The circuit has one input signal, m
select signals and n output signals. The select inputs determine to which

output the input data will be connected.

10.5. 1 to 4 Demultiplexer
Data Select, Outputs N
input inpats

D S 1% | Bl n|ly]y |

D 0 0 0 ) | 0 D

D 5 1 0 0 D 0

17 1 0 0 | oo 0
| D |1 L] oj oflo] o |

(D) +———
Data input » . Yo\

YT
Data output lines

o
n
!
-

Selert lines
A

—
»

iyj
B
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A 1-to-4 demultiplexer has a single input (D), four outputs (YO to Y3) and
two select inputs (SO and S1). Data input is connected to output YO when
S1=0 and S0=0 and the data input is connected to output Y1 when S1=0
and SO=1 and so on.

Input data line is connected to all the AND gates. Two select lines S1 and
SO enable only one gate at a time and the data that appears on the input

line passes through the selected gate to the associated output line.

10.6 Decoders

A decoder is a logic circuit that converts ar n-dit binary input code {data)
into 2" output lines, such that each output line will be activated for only
one of the possible combination of inputs. In decoder. rumber of outputs is

greater than number of inputs.

10.7. BCD to 7-Segment Decoder

(a) Sever:.-segment aisplay n'='l I_

(b) Display ct decimal digiis in a seven-segment display

1

A'————-—»

— 1" B> B

BCD J——— - to- t db———— »7-segment code

. 7-segmen _
uts | e

inp = decoder f———
| ———— > D g
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Seven segment outputs

<

<

—t

(=]

BCD inputs

<

SO0 OO

<

<

—

<

—

—

»

>

T
Biliad

—

YIVIYIY.
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A seven-segment display is used for displaying any one of the decimal

digits, 0 to 9. A BCD-to-7-segment decoder accepts a decimal digit in

BCD code and generates the corresponding 7-segment code.

A seven-segment display is composed of seven elements or segments.

Each segment is made up of a material that emits light when current is

passed through it. Most commonly used displays are LEDs.

10.8 Encoders

An encoder is a digital circuit that performs the inverse operation of a

decoder. Hence, the opposite of the decoding process is called eiicading.

In an encoder, the number of output are less than the nirmber of inputs.

Figure 6.24  BCD-to-7-segment decodrr driving a LCD

Ericnder

ninputs
|

—~

m outputs

Figure 6.23  Block diagram of an encoder

10.9. Decimal to BCD Encoder

It has 10 inputs corresponding to ten decimal digits (0 to 9) and four

outputs (A, B, C, D) representing the BCD value of input decimal digit.

Decimal inpyics BCD outputs
0 1 2 3 4 5 6 7 8 9 A B ¢cC D
1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1
¢ 0 1 0 0 0 0 0 0 0 0 0 1 0
0 0 0 1 0 0 0 0 0 0 0 0 1 1
0 0 0 0 1 0 0 0 0 0 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 1 0 |
0 0 0 0 0 0 1 0 0 0 0 1 1 0
0 ¢ 0 0 0 0 0 1 0 0 0 1 1 1
0 0 0 0 0 0 0 0 1 0 1 0 0 0
0 0 0 0 0 0 0 0 0 1 1 0 0 1
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10.10 Parity
When digital data is traiismitted from one location to another, it is necessary to know at the

receiving end whether the received data is free of error.

Error detection is achieved by adding extra bit to the transmitted signal.
The adcitional bit is knewn as parity bit. There are two types of parity
narieiy even parity and oad parity.

In an even parity, the parity bit is added to the word to make the number of
1s even in the modified word.

Odd parity means number of 1s1s odd in the modified word.

16.11. Parity Checkers

Paiity checker can be designed by using Exclusive—OR gate. It is used to

detect errors in storage media such as magnetic tapes, paper tapes etc.
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Ex-OR gate produce an output when the input has an odd number of 1s.
Therefore, an even-parity input to an Exclusive-OR gate produces a low

output, while an odd-parity input produces a high output.
X :)L

(a) 4-bit parlty checker

Output

10.12. Odd Parity Generator

Extra bit can be generated using an Ex-NOR gate. Suppose the 8-bit
number is 010000010. This number has a even parity, it means when
applied to an Ex-OR gate, it will produce an ouiput of 0, then NOT gat?
will convert this 0 to 1 and the final 2-bit output is 101000001. Now it has
odd parity.

8-Dit number

Xy XeXs XeX3Xp Xy Xy
I ,_— 174
i

\W‘_J

Instruction or data bits

3- blt number with odd parity
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Exercise — 10

Q.1 Fill'in the blanks

(i)  “Multiplex” means . (many into one)

(i)  “Demultiplex” means . (one into many)

(iif)  Number of outputs of a multiplexer is . (one)

(iv)  Number of inputs of a demultiplexer is . (one)

(v)  Types of parity are and (odd, even)

Q. 2 Write short notes
(i)  Multiplexer
(i)  Demultiplexer
(iti)  Decoder
(iv) Encoder
(v)  Parity checker
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CHAPTER 11
FLIP FLOPS

11.1 Introduction

The logic circuits whose outputs at any instant depend on the input signals
present at that time are known as combinational circuits. Combinational
circuits do not have capacity to retain the information. The logic circuits
whose output depends upon present inputs as well as previous output are
called sequential circuits. In sequential circuits output signals are fed back

to the input side.

11.2 Sequential Circuits

Sequential circuits are of two types. Tiey are as follows:

(i)  Synchronous or Clocked

(i)  Asynchrorous or Un-clocked
In synchronous segu:ential circuits, a timing device called a master—clock
generator that gznerates pulses cortinuously, achieves synchronization. An
asynchrcnous cequential circuit is a memory cell that has only two states,
which can be either 1 or 0. Such two state sequential circuit is called flip-

flop.

11.3. Flip - Flop

Flip-flop has one or more inputs and two outputs Q and Q’. The two
ouiputs are complementary to each other. When the flip-flop output Q is 0
or 1, it will remain in that stable state until one or more inputs are given to

change the output. The flip-flop output will remain set/reset until the
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trigger pulse is given to change the state. It can be used as a memory
device to store one binary bit.
Flip- flops are classified on the basis of the way their inputs and clock
pulses cause pulses cause transition (Change) between two states. Major
types of F/Fs are as follows:

(i)  S-Rflip-flop

(i)  Clocked S-R flip- flop

(iii)  J-K flip-f lop

(iv) D flip- flop

(v) T flip- flop

(vi) Master/Slave J- K flip- flop

11.4. S- RFlip_Flop (Set- Reset F/F)
The SR flip—flop has twe inputs namely SET (S) and RESET (R), and two

outputs Q and Q’. The two outputs are compleiment to each other. The SR
flip—flop can be designed using NOR gates or NAND gates. As we know
the output of a NOR gate is O if any input is 1, anc output is 1 when all

inputs are 0. Assume Q=0 anc Q’=1 at the initial state.

(A

Q —e
PN ]
\a) Block diagram S S50
. Inputs Output__ | Action
S | R Q
0 0 | Last State | No Change
) 1 0 Reset
1 0 1 Set
| 1 1 ? Forbidden
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1
CASE 1:

For S=0 and R=0, the flip—flop remains in its present state. The inputs of
NOR gate 1 are 0 and 1 (because Q’ is 1), thus its output is 0. This output
is fed to the NOR gate 2, therefore inputs of NOR gate 2 are 0 and 0, thus
its output is 1. So, the condition S=0 and R=0 will not affect the outputs of
flip-flop.

CASE 2:

For S=0 and R=1, the inputs of NOR gate 1 are 1 (as R=1) and 1 (as
Q’=1), thus its output Q is 0. The inputs of NOR gate 2 are 0 (25 S=0) and
0 (as Q=0), so its output is 1 (Q’=1). Therefore, the input condition S=0 &
R=1 always reset the flip- flop.

CASE 3:

For S=1 and R=0, the inputs of NOR gate 2 are_1 (as S=1) aind 0 (Q=0) so
its output is 0 (Q’=C). Now the inputs of NOR gate Lare 0and0 (K. R =0
Q’=0), thus output is 1(Q=1). Therefore, the input condition S=1 and R=0
will always set the flip-flop.

CASE 4:

Fei S=1 and R=1. Tnis condition will sroduce 0 at the output of both the
NCR gates. This condition violaies tne fact that Q and Q’ are the
complements of each ather. !n riormal, this condition must be avoided.

Limitation -- Forbidden conditicn for input S=1, R=1

11.5. Clockea S- R Flip- Flop
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E— T
| e Q
CLK S—R flip-flop

Clocked S- R F/F is used to deliver output when clock pulse strikes.

In this circuit when the clock input is low, the output of both the AND
gates is low, therefore the changes in S and R inputs will not affect the
output (Q) of the flip-flop. When the clock input beccmes high, the value
at S and R inputs will be passed to the output of the ANDC gates and output

(Q) of the flip-flop will change according to the changes in S and R inputs.

11.6. D Flip- Flop

D s Q I CLK Input J Outpri |
D Q | pa— ] D | Qﬂ+7
j~’> CLK ! 0

0
CLK & ; J ! !
PCLK_ Qi R — 0 X No change

Q'—-—-—o

(b) Logic symbol (c) Using S-F flip-flop

D F/t was developed io avoid forbidden condition because it has only one
I/F

The D (celay) flip-tiop has only one input and two outputs Q and Q’. D-
flip-flco is an SR flip-flop designed by inserting a NOT gate between S
and R.

When D is 0 then S=0 and R=1 and if D is 1 then S=1 and R=0. It will
wark like a clocked SR flip-flop.
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11.7. J- K Flip- Flop
——LD $=4Q — .
It is similar to SR flip-flop /-~ |° ° e
——>CLK

but when J=K=1, the flip- “"H2-=%%s a _

K Q-

flop output toggles i.e. () K T-lop usng 7 - 1) Graphic symbel of LK i fo
changes to its complement

state, if Q=0, it changes Q=1 and vice versa. Thus it also does not has
forbidden condition.

When J=1, K=1 and previous state is a set siate (i.e. Q=1, Q’=0), then
S=JQ’ = 1x0=0 and R =KQ =1x1=1. Since S=0 and R =1, the tiip—flop
RESETS on the application of clock pulse, i.e. the fliz-flop toggles from
SET to RESET state. When J=1, K=1 and i1 the previous state is RESET
state (i.e. Q=0, Q’ =1), then S =JQ’= 1x1=1 and R = KQ =1x0=0. Sirnce
S=1 and R=0, the flip-flop sets. S0, when J=1 and K=1, the fiip-flop

toggles on the applicatior: of the next clock pulse.

11.8. T Flip- Flop
T or trigger or toggle flip-flop has only a single data (T) input, a clock
insut and two outptis Q and Q’. The T-type flip-flop is obtained from a

J-K flip-flop by conneciing its J anc K iriputs together. —

CLK
K Q

———CLK Q——

(a, Blocic diagram of T flip-flop ~ (b) T flip-flop using a J-K flip-flop

E

v
0
1
1

Qn+1

_ e O N
fed

S - —
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When the T input is in the O state (i.e. J=K=0) prior to a clock pulse the Q
output will not change with clocking. When the T input is at a 1 state (i.e.
J=K=1) prior to clocking, the output will change its state after clocking. If
the input is 1 and device is clocked, the output will change state regardless
of what output was prior to clocking. This is called toggling.

RACING: Toggling more than once during a clock cycle is called racing.

Limitation — It has racing problem.

11.9. Master- Slave J-K Flip- Flop

Master slave J-K flip-flop is the way to avoid the racing. In this, the first
flip-flop is the master and the second is the slave. The master is pasitive

edge triggered and the slave is negative edge iriggered.

— ———

J Q J  oF——
> CLK — CLK
K 5——_—|'—K o — —

When the clock ingut has a positive edge, the masteir acts according to its
J-K inputs, but the slave does not respond, since it requires a negative
edge at the clock input. When the clock input has a negative edge, the
slave flip-flop copies the master outputs but master does not respond,

since it requires a positive edge at its clock input.

Exercise — 11
Q.1 Fill'in the blanks
(i) A device / circuit capable of storing one binary bit is called

. (flip-flop)
(i) A flip-flop has inputs. (one or more)
(i) A flip-ilop has outputs.
(iv) Togyling occurs in flip-flop when both the inputs are

1. (0 K)
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(v)  Forbidden condition occurs in flip-flops when both
the inputs are 1.

Q. 2 Write short notes
(i)  Sequential circuits
(ii)  Flip-flops
(il)  Master slave flip-flop
(iv) S-Rflip-flop
(v) J-Kflip-flop
CHAPTER 12

REGISTERS AND COUNTERS

12.1. Reqisters

A register is a group of flip —flops suitable for storing binary iiiformation.
Each flip-flop is a binary cell capable of storing one bit of informatior.. An
n-bit register consists of n flip-ilops, which is capable of storing any binary

information containing n bits. The register is mainly useu i storing and

shifting binary data entered into it from an external source.

12.2. Shift Reaqisters

A shift register moves the stored bit left or right. This bit shifting is
essential for certain arithmetic and iogic operations used in
microcemputers.

a) Shift Left Register

Q, Qur Ay, Q )

“la  o-<a p—2a p—a p|— Seral
Serial Input
output D c B A data
data|C <L»-| Q <»—' Q <»—] le] D_.l

Shift pulses
Input seriai data sets up the right flip—flop A, Qa sets up the second flip-

flop B and so on. When the positive clock strikes the stored bit move one
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position to the left. For example, when 4-Bit binary number 0001 is to be
entered into the register before starting the shift operation. When input
serial data is 1 and Qa,Qg,Qc, Qp = 0000. During first clock the right flip-
flop sets up and the stored word becomes 0001. Now Qa is 1 & serial
input data is 0. When the next positive clock hits the B flip-flop, the
register contents become 0010; the third positive clock edge results in
0100 and the fourth clock results in 1000.

b)  Shift Right Reqgister

Serial

data D o %4lp al-%lp 219200 o]gﬁ '
input LA L B L ¢ L D Serial
5 = l— 5 l— = data

l | | _!output

CLK

For example, when a 4-it binary number 1101 is to ke eiiiered into the
register. When 1 is applied at the serial data input, at the input of flip-flop
A and clock is 2pplied, then flip-flop A is set thus storing 1.

Next, 0 is applizd to the seriai input of flip-flop A ard D=1 for flip-flop B
because D input of flip-flop B 1s connected ta the output of flip-flop A.
Wien the second clock wulse is applied, the 0 on the data input is shifted
to the fiip-flop A and tine 1 stored in flip-flop ‘A’ is shifted to flip-flop B.
Then next 1 is applied at the szrial input line, and a clock pulse is applied.
This 1 is entered into the flip-flop A, and the O stored in flip-flop A is
shifted to flip-flop B and the 1 stored in flip-flop B is shifted to flip-flop C.
Now apply the last binary bit i.e. 1 at the serial input and apply a clock
pulse. Now, this 1 is entered into the flip-flop A, and the 1 stored in flip-
flop A is shifted to flip-flop B, the O stored in flip-flop B is shifted to flip-
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flop C, and 1 stored in flip-flop C is shifted to flip-flop D. This completes

the serial entry of the 4-bit binary number into the shift resister.

12.3. Serial —In Parallel —Out Shift Reqgister

Data
input

CLK

12.4. Parallel —In Serial —Out Shiit Reqgister

SHIFT/LOAD

A

N

2l

Cp

Serial

data
out

CLK

12.5. Counters
A counter consists of a set of flip-flops. It is used to count the sequence of
input pulses.
There are three types of counters, which are as follows:
a) Asynchronous and Synchronous Counters
b)  Single and Multi Mode Counters

C) Modulus Counters
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12.6. Asynchronous and Synchronous Counters

In an asynchronous counter, each F/F is triggered by the output from the
previous F/F. The setting time of asynchronous counters is the cumulative
(collective) sum of the individual setting times of F/Fs. It is also called as
Serial Counter.

In synchronous counters, the clock pulses are simultaneously applied to all

the F/Fs. Hence synchronous counters are also called Parallel Counters.

12.7. Single Mode and Multi Mode

Single mode counters operate in in a single mode ie. Up or DGwii mode.

Multi mode counters operate in both in Up and Down modes.

12.8. Modulus Counter

Modulus counters are based on the ahility 10 count the numiser of states.

For example, MOD-10 counter has 10 siates.

EXERCISE - 12
Q.1 Fiilin the blanks

(M is a greup of flip-flcps capable of storing binary
infcrmation. (Register)

(i) _____1sused to count the sequence of pulses. (Counter)

(ii)) In ___counters, the clock pulses are simultaneously

applied to ai! the tiip-flops. (Synchronous)

Q. 2 Short notes
(i)  Registers
(i)  Counters
(in) - Asynchronous counters
(iv)  Synchronous counters

Q. 3 Explain shift registers with the help of diagram.
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CHAPTER 13
LOGIC FAMILIES

13.1. Logic Family

A logic family is a specific class of logic circuits that are manufactured
using that same manufacturing technology. Logic gates are fabricated as
integrated circuits etc.

Depending upon the type of Semiconductor devices, icgic families are
classified as follows:

(i)  Bipolar (i) Unipolar

13.2. Bipolar
Bipolar means having two types of charge carriers i.e. electrons ana holes.

ICs, which are manufactured by using hipolar techrioiogy, are called
bipolar logic families. These are:

()  Resistor-Tiansistor Logic (RTL)

(i)  Diode-Transistor Logic {DTL)

(ilf)  Transistor-Trarsistei Logic (TTL)

13.3. Unipolar
ICs rnanufactured by using metal cxide semiconductors (MOS) i.e. which
have only cne type of charge carriers electrons or holes are called unipolar
logic families. These are:

&) CMOQCS (Complementary MOSFET): It uses P and N channel

devices. It has the greatest complexity and lowest packing
density among the MOS families. It has low power dissipation

and very high input impedance. The CMOS logic gates are used
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(i)

(iii)

in battery operated portable equipment. Its disadvantage is low
speed due to high input impedance.
PMQOS (P-Channel MOSFET): It uses only p-channel MOSFET.

Holes are the current carriers for PMOS.
NMOS (N-channel MOSFET): It uses n-channel MOSFET. Free

electrons are the current carriers in NMOS.

13.4. Scale of Integration of ICs

(i)

(i)

(iii)

(iv)

v)

SSI (Small Scale Integration): It inciudes upto 10 gates on the

same chip.

MSI (Medium Scale Integration). It includes 11 to 160 gates per

chip.
LSI (Large Scale Inteqration): It includes 101 to 1000 gates per

chip.

VLSI (Very Laige Scale Integration): It includes 1001 to 10000
gates per chip.

SLSI {(Super Large Scaie Integration) : 't includes 10001 to
100000 gates pzr chip.

13.5. Classification o1 ICs

ICs have heen mainly classiiied into the following two classes:

(1)

()

Linear IC: It operates with continuously varying signals. For
example, ICs used in amplifier circuits.

Digital ICs: It operates with binary signals.

13.6. IC Packages

Following are the popular IC packages:
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(i)  Dual-In-Line Package (DIP)
(i)  Leadless Chip Carrier (LCC)
(i)  Pin Grid Array (PGA)

(iv) Single Edge Cartridge (SEC)

13.7. Characteristics of Digital ICs -

(i)  Speed of Operation: It operates with high speed. Speed is

defined as the time taken for the output of & gaie to change after

the input has changed ie. called propagation delay.

(i)  Power Dissipation: It is measure of power consumed by iiic logic
gate when fully driven by all its inputs. it is expressed in
miliwatts and microwattz.

(i)  Fan—In: The fan-in ot a gate is the number of inputs connected to
the gate.

(iv) Fan-Out: Tne fan—out represents the maximum number O/Ps of a
gate. logic gates (One logic gate hac one output only).

(v)  Operating Temperature: All IC gates are seiniconductor devices.

These are temperature—sensitive by nature. The operating
temperature raniges from 0° C to 70° C (for military -55° C to
125°C).
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Exercise 13
Q.1 Fill'in the blanks

(i)  Depending upon the type of semiconductor devices, logic

families are classified as and logic families.
(unipolar, bipolar)
(i) Unipolar logic families are . (CMOS, PMOS, NMOS)
(i) CMOS stands for . (Complementary MOSFET)
(iv) DIP stands for . (Dual In line Package)
(v) PGA stands for . (Pin Gric Array).

Q. 2 Write short notes
(i)  Scale of Integration of Ics.
(i)  IC Packages

(i)  Classification of Ics.
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CHAPTER 14 (only for general discussion)

D/A AND A/D CONVERSION

1. Introduction
Digital-to-Analog (D/A) and Analog-to-Digital (A/D) conversion form two very important
aspects of digital data processing. A D/A converter (DAC) is sometime

considered a decoding device. An A/D converter (ADC) is often referred
to as an encoding device.

Digital to analog conversion is a straightforwaid conversion process and is
easier than A/D conversion. In fact, a D/A corniverter is usually an integral

part of any A/D converter.

2. Binary Ladder
The binary ladder is a resistive netwark whase output voltage is a properly

weighted sum of the digital input. Figure shows 4-bits binary ladder.

It is made o1 resistors that have
only two values. The left end of the laader is terminated with a resistance
of 2R, and at the monent let us considers that the right end of the ladder
(the outout) is open circuited.

All the digita! inputs are at ground. Beginning at node A, the total
resistance looking into the terminating resistor is 2R. The total
resisiance looking out toward the 2° inputs is also 2R. These two
resistors can be combined to form an equivalent resistor of value R

as shown in figure.
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Now, moving to node B, we see that the total resistance looking
into the branch toward node B is 2R, as is the total resistance
looking out towards the 2! inputs. These resistors can be

combined to simplify the work as shown in fig below:

o

R

2?
21 2R
W o

From the above figure it can be seen that the tota! resistance
looking from nodes C down the branch towards node B or out
the branch towards the 22 inputs is still 2R. The circuit shown
first above can be further reduced to the equivalent as shown on

figure below:

From thi¢ equivalent circuit it is clear that the resistance looking
back from node. D is 2R, as is thie resistance looking out towards
the 2° inputs.

From the above discussion, it can be concluded that the total
resistance icoking from any node back towards the digital input
Is 2R. We can use the resistance characteristics of the ladder to

determine the output voltages for the various digital inputs.
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3. Determination of output voltage:
Assume that the digital input signal is 1000. With this input

signal the binary ladder can be drawn as shown in figure below:

Since these are no voltage sources to the left of node D, tiie
entire network to the left of this node can bz repiaced by a
resistance of 2R to form the equivalent circuit as shown ir

fig. below: W

i

2R
2R

l"——,
o
N

From this equivalent circuit, it can be easily seen that the
output voltage (VA) can be calculated using Tievenin’s
theorem in the following mariner:

Va=V x 22 =Xz

2R +2R 4% 2

Thus a 1 in the MSB pcsition wili previde an output voltage
of V/2.

To determine the output voliage due to the second MSB,
assume a digital input signal of 0100. This can be represented

by the circuit as shown in figure below:
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32 8 c D

Since these are no voltage sources to the left of node C, the
entire network to the left of this node can be replaced by a

resistance of 2R as shown in figure below:

v

e
24 gzn

2R 7 g
. v,
_EL—'\M s ,—’Mm— D] .

Let us now replace the network to the left of hode C with its
Thevenin equivalent by cutting the circuit on the jagged line
shown in figure above. The F'hevenin equivalent is clear a
resistance R in series with voltage source +V/2. The final
equivalent circuit with the Thevenin equivaient included is
shown in figure Lelow.

+Vi2

2 R+R+2R 2 4R 4

Thus the second MSB provides an output Voltage of +V/4.
This process continues and it can be shown that the third
MSB provides an output Voltage of +V/8, the fourth MSB
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provides an output Voltage g +V/16 and so on. The output

voltages for the binary ladder can be summarized as follows:

Bit position | Binary weight | Output voltage

MSB s V/2

2" MSB Y V/4

3 MSB 1/8 V/8

4" MSB 1/16 V/16

N MSB 1/2" V/2" i

4. D/A Converter

It is in the resistive network (binary ladder) that the actual

translation from a digital signal to an analog voltage takes

place. But there is need of additionai or circuitry to cornplete

the design of the D/A Converter.

As an integrai part of the D/A
converter there must be a Register
that can be used to store the digital
information. The siinplest register
Is formed by use of RS flip flops
with ane flip flop per kit but other

types of registers can also e used

Dizital input octa
&
,——Rﬁ
\

!

input gates

m——

N=-bit register

I—- — Nlines ~ —
Level amplifiers
—

— ~— Nlingg — —

Resistive divider

Va

as discussed in previous chapters. There must also be level

ampiitiers between the register and the resistive network to

ensure that the digital signals presented to the network are all

of the same level and are constant. Finally, there must be

some form of gating on the input of the register so that the

HARDWARE NOTES

75/78



Digital Techniques VEIS Computer Education

flip-flops can be set with the proper information from the

digital system.

5. A/D Converter

This operation is more complicated than the D/A Conversion.
A number of different methods have been developed, the
simplest of which is the simultaneous method, which has than
discussed in the subsequent paragraphs.

The simultaneous method of A/D conversion s based on the

use of a number of
. . Comp, p
comparator circuits. One f;iffgfﬁ}_‘
such system using three feuare: o N L
V vaits R&v. voltage | Coip. g:gg::ltor
comparator circuits has iz o

: : (.
been shown in the figure a, J
+V/4 o

below. N\

The analog signal to be digitaiized serves as one of the inputs
to each comparator. The seceind input is a standard reference
voitage. The refererice voltages used are +V/4, + V/2 and
+3V/4. The system is then capable of accepting an analog
input voltage between 0 ana +V/.

If the analog input signal exceeds the reference voltage to any
comparavor, that comparator turn on i.e output of the
comparator goes High. If all the comparators are off, the
anaicg signai must be between 0 and +V/4. If C, is High, C,
and Csare Low, the input must be between +V/2 and +V/2. If

C; and C; are high and Cj is low, the input must be between
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+V/2 and +3V/4. Finally if all comparator inputs are high the
input signal must be between +3V/4 and +V. The comparator
output levels for the various ranges of input voltages have

been summarized in the table below:

Input voltage Comparator Output

C, C, Cs
0to+V/4 LOW | LOW LOW
+V/4 to +V/2 HIGH | LOW LCwW
+V/2 to +3V/4 HIGH |HIGH LOW |
+3V/4 to +V HIGH | HIGH HIGH

The above figure shows that there are four Voltage ranges
that can be detected by this converter. Four ranges can be
easily distinguished by two binary bits. The three
comparators outputs are then fed into a coding network to
provide 2 bits, which are equivalent to the i1nput analog
Voltage. The bits of the codiing network are then entered into
a flip-flop register for storage. In general it can be said that
2"-1 comparators are required to convert to a digital signal
that has N bits. The biock aiagram of a 2 bits A/D converter

has been shown below:
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f <)
+3v/4 2!
0 a s ol=—
Analog R B Digital
fnput o €3 . | Coding READ output
voitege . *V/2 network getes 20
rd “ s ap—e)

/ y A2
c1
+Vv/4

Exercise

Q 1. Fill'in the blanks
(i)  For D/A conversion, a resistive network is used called
. (Binary Ladder)
(i)  Binary ladder is a resistive network, which uses enly
values of resisters. (Two)
(i)  In a binary ladder the values of resistors are
and . (R, 2R)
(iv) Thevenin’s theorem is associated with . (D/A
Conversion / Binary ladder)
(v)  In a binary ladder outpui voltage for N™ MSB is given

by the formula . (VI2h
(vi) A D/A converter consists of : :
, anga . (Input Gates, Reyister,

Level Ampliiers, Binary Ladder)

(vii) The simplest method used for A/D conversion is
__ .(Simultaneot!s method).

(viii) The nurmber of comparatei required to conveit to an n-
bit digital signal in A/D converter are given by the
formula . (2"-1)

Q 2. Short notes

(D). Birary Ladder.

(i). D/A Converter (DAC)

(). AJD Converter ( ADC)
Q 3. Explain

) £/D Converter giving suitable example and diagram.
(i)  Rlock diagram of a D/A Converter.
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