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1-2 Fundamentals of Digital Syste
Digital F . )

!
" Digital Signals

Analog versus Digital . Iy ie. they process time
. ses continuously 1.€
Analog systems process information that varies ¢ us range of voltage, current

. : value across @ continuo i ™
g s}ig\'alasl immt ca:rerhk;:x:h:ngmer hand, the digital systems use discrete quantities
or any physic -

to represent inf isti or Se arated as OP osed to COhﬁ.nuOus
P! information. Discrete means distinct or Sep: . P ) )
ected. The Fi 1.1.1 shows the difference between two Slgnals : continuous and
Oor conn . e fig. 1.5

discrete.
+V
o
g
ke time
0 3
-V
. ) : o
(a) Continuous signal (b) Discrete signa
' Fig. 1.1.1

Digital / discrete signal : A digital/discrete signal is a signal that can have one of a
finite set of possible values at any time.

. Analog / continuous signal : An analog/continuous signal is a signal that can have
one of an infinite number of possible values.

vV, :
0
1 o0 10

Fig. 1.1.2 Binary signal

Binary signal : In digital systems, the
most common digital signal is the
signal that has one of two possible
values, like on or off (often
represented as 1 or 0). Such signal is
known as binary signal. In digital
systems nhumber - formed by binary
values are used to represent the levels of discrete signal.

1

The reasons for widespread use of digital systems are :
1. They are easy to design.

2. They are more flexible in design.

3. They provide higher accuracy.

i . .+ TECHNICAL PUBLICATIONS™ An up thrust for knowledge

ms and Logic Familieg .
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of Digital and Logic Familles

4. They are less affected by component aging and noise.
5. They are also less affected by variations in power-supply voltage z;nd temperature.

6. They can have memory and hence they are highly suitable for éompuhers,
calculators, watches, etc. ’

7. 1t is easy to provide added functionality in digital systems than analog systéms.

®

. They always produce exactly same results with same set of inputs and circuit’
components.

0

. In digital systems, display of information is very convenient, accurate and elegant.
10. They are cost effective.

11. HDL (Hardware Description Languages) are available; they make digital system
design simple. i

12. Communication between digital systems is much more easier.

Advantage of Binary. .
e The base for all digital system operations is the binary number system. Though

many systems use octal, decimal and hexadecimal number system, when the data

is provided to a digital system it is in the form of binary numbers. Thus, all
computers represent numbers and alphabetic characters in the binary form.

¢ In binary number system there are only two logic values viz. logic 0 and logic 1.
These two logic values are also known as low level logic/OFF and high level
logic/ON. Thus, binary number system is easy, highly reliable and accurate.

o The binary number system can produce two different states easily. For example, a
flip-flop has output either '1' or '0'. This make the use of binary system a very
reasonable choice, in case of various electronic circuits. . )

e Though multilevel circuits having more than two output levels have been studied
since long time, binary circuits are universal in computer systems.

Review: Questions

. Define digital signal and analog signal. =

. Compare digital signal with analog signal.

What is binary signal ? :

. State the advantages of digital systems/digital circuits.

[ TR O

. Give the advantages of binary number system.

EEA Number Systems -

o Number system is a basis for counting various items.

TECHNICAL PUBLICATIONS™ An up thrust for knowledge
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Digital Fundamentals

« The decimal number system has 10 digits : 0, 1, 22 3 4 5 6.7, 8 and 9.

¢ Modern computers communicate and operate with binary numbers which use Only

the digits 0 and 1.

o When decimal quantities are represented in the bin:
o For large decimal numbers people have to deal with very large binary strings ang
therefore, they do not like working with binary numbers. .Thls fact gave rise to
three new number systems : Octal, Hexadecimal and Binary Coded Decimgy

(BCD).

Review Questions

1. Explain various number systems.
2. Name the number system used in computers.

Representation of Numbers of Different Radix

ary form, they take more digits,

Decimal Number System

o “In decimal number system we can express any decimal number in units, tens,
hundreds, thousands and so on.

e When we write a decimal number say, 5678.9, we know it can be represented as
5000+600+7_'0+8+0.9=5678.9

o The decimal number 5678.9 can also be written as 5678.9;, where the 10 subscript

indicates the radix or base.

The position of a digit with reference to the decimal pomt determines its

value/weight. The sum of all the digits multiplied by their weights gives the total

number being represented. )

o The leftmost digit, which has the greatest weight is called the most significant
digit and the rightmost digit, which has the least weight, is called the least
significant digit.

¢ Fig. 1.3.1 shows decimal digit and its weights expressed as a power of 10.

In power of 10 | ', 407
/.

Fig. 1.3.1 Represematlon' of a.de'clmal number

TECHNI oNs™
) CAL PUBLICATIONS™- An up thrust for knowledge

and Logic Famlilies

Digital Fundamentals tals of Digital Sy

Binary Number System
¢ Binary system with its two digits is a base-two system. -
o The two binary digits (bits) are 1 and 0.
e In binary system, weight is expressed as a power of 2.
o The Fig. 1.3.2 (a) shows representation of binary number 1101.101 in power of 2

By adding each digit of a binary number in a power of 2 we can find the decimal
_ equivalent of the given binary number. ’

Binary
point
Fig. 1.3.2 Binary position values as a power of 2

N= 1x2+1x22+0x2'+1x2%  +  1x2wox2% 1x2° = (13.625)
Flg. 1.3.2 (a) :

EEER octal Number System ]
e The octal number system uses first eight digits of decimal number system : 0,12,
'3,4,5,6 and 7. As it uses 8 digits, its base is 8.
e For example, the octal number 5632.471 can be represented in power of 8 as
shown in Fig. 1.3.2 (b).

AxE 1 +TxE 2+ 180 =(2070.611328)¢

N= 5x8 +6x8+3x8+2x8 T+

- Flg. 1.3.2 (b)
o By adding each digit of an octal number in a power of 8 we can find the decxmal
equivalent of the given octal number.

TECHNICAL PUBLICATIONS An up thrust for knowledge
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Hexadecimal Number System

of 16
. Thehexadecxmalnumber system has a base
4,5,6,7,8,9, A,B,C,D,EandF

o Table 1.3.1 shows the relauonslup betw!

having 16 characters: 0, 1, 2, 3,

cen decimal, binary, octal and hexadecimg,

Table 1.3.1 Relation between decimal, binary, octal and hexadecimal numbers
o For example, 3FD.84 can be represented in power of 16 as shown below.

o By adding each digit of a hexadecimal number in a power of 16 we can find
decimal equivalent of the given hexadecimal number.

16° 167 16

3x16%+ Fx16'+Dx16°  +

8x 167+ 4x 1672
3x162+15x16'+13x16° * +

"8x 167"+ 4x 1672 = (1021.515625),q
: Usefulness of Octal and Hexadecimal System

* When dealing with a large quantlty of binary numbers of many bits, it I

convenient to use octal and hexadecimal numbers as a "shorthand" means’

expressmg large binary numbers.

¢ ’ TECHNICAL PUBLICATIONS™. An up thrust for knowledge

and Logic Families
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o But it is necessary to keep in mind that the digital circuits and systems work
strictly in binary; we are using octal and hexadecimal only as.a convenience for
the operators of the system.

Format of a Binary Number
¢ A single digit in the binary number is called bit.

e The followmg figure shows the format of binary number. Four binary digits form
a nibble, eight binary digits form a byte, sixteen binary digits.form a word and
thirty-two binary digits form a double-word.

Nibble : 4-bits can represent 2% = 16 distinct values

Byte : 8-bits can represent 28 = 256 distinct values
Word : 16-bits can represent 216 = 65536 distinct values
Double word : 32-bits can represent 232 = 4294967296 distinct values

Counting in Radix (Base).r

e Each number syétem has r set of
characters. For example, in decimal
number system r equals to 10 has 10
characters from 0 to 9, in binary
number system r equals to 2 has 2
characters 0 and 1 and so on.

¢ In general we can say that, a number
represented in radix r, has r characters
in its set and r can be any value. Th:s
is illustrated in Table 1.3.2.

Table 1.3.2 ﬁadix and character set '

TECHNICAL PUBLICATIONS™- 'An up thrust for knowledge
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Digital F —
N O \\\\§§ -

T i \\\“wz\z“ 12 }\\\@\

IR v i o BT
Solution: N = 2x42+3xals1x40+2x4 +8AA C

= 32+12+1+05+01875

= 45.68754 »
" - . NN
A \% ?\%\\\\\x\‘\\\ N *&\\ \\\ \\\ \
CIITRERY Court ) \Q\\\\\\\\\g{\{\\\\&\\m .
Solution : The Table 1.2.2 indicates that radix 5 has 5 chara
0.decimal to 9 decimal is

00, 01, 02, 03, 04, 10, 11, 12, 13,
RO

AN
Example 1.3.3 rges
o

SN
8 S\

N

cters. A count sequence fro'm'

14
A

Solution : (1111 1111 1111);, (40%5)10, (FFF)H-

Conversion of Numbers from One Radix to Another Radix
GTU : Dec.-12, 13, May-12, 13, 14, Winter-15, 16, 17, Summer-16, 17, 18

EEEH Binary to Octal Conversion

o The base for octal number is 8 and the base for binary number is 2.
o The base for octal number is the third power of the base for binary numbers.
“Therefore, by grouping 3 digits of binary numbers and then converting each group
digit o its octal equivalent we can convert binary number to its octal equivalent. -

Example 1.4.1
-

Solution :
Stop 1: Make group of 3-bits starting'from LSB for integer part and MSB for fractional
part, by adding Os at the end, if required. -

Step 1. . of 1 ! 1 Binary (Base 2)
Step 2. 3 Octal (Base 8)
Adding 0 to make Adding 0Os to make
a group of 3-bits a group of 3-bits

Step 2 : Write equivalent octal number for each group of 3-bits.
- (10101101.0111) 2 = (255.34)g

, ) TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Octal to Binary Conversion *

¢ Conversion from octal to binary is a reversal of the process explained in the
previous section. Each digit of the octal number is individually converted to its
binary equivalent to get octal to binary conversion of the number.

Example 1.4.2 | @

Solution : .
Step 1 : Write equivalent 3-bit binary number for each octal digit.
Step 2 : Remove any leading or trailing zeros.

Octal (Base 8)

1]1]ofo

0l1[o]1]o[1]d]« I
o10[101]-]1 100 ﬂ
Leading zeros ) Tra%ling zero

(125.62)g = (1010101.11001), -

Binary to Hexadecimal Conversion

* The base for hexadecimal numbers is 16 and the base for binary numbers is 2.

e The base. for hexadecimal number is the fourth power of the base for binary
numbers. Therefore, by grouping 4 digits of binary numbers and then converting
each group digit to its hexadecimal equivalent we can convert binary number to
its hexadecimal equivalent.

s

Solution : . . i

i

Step1:  Make group of 4-bits starting from LSB for integer part and MSB for fractional
part, by adding 0s at the end, if required. ’

of1]1]o 1\1\1\9 - J1]ofols

Adding 0 to make

Adding Os to make - a group of 4-bits

a group of 4-bits
Step 2:  Write equivalent hexadecimal number for each’ group of 4-bits.

(1101101110.1001101), = (36E.9A) 16

TECHNICAL PUBLICATIONS"~ An up thrust for knowledge
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b Digital Fundamentals
Hexadecimal to Binary Conversion e Pmcess )
in
ecim: binary is a reversal Ol
; o Conversion from hexadE‘-’Chal t;t of the hexadecimal number :vef;i::d?auy
‘ | o i’::;‘o‘-‘s c:e::al:'y equivalent to get hexadecimal to binary cor o the
conv to il
number. ( ‘ _ )
Solution : ) i
Step1:  Write equivalent 4bit binary number of each hexadecimal digl

|
Step 2:  Remove any leading or trailing zeros-

Sl
8 A 9 | N

4
step 1. [1]o[o]o[1]o[1]o[1[oj0[1] 1]o[1]1]o]1]0]0

step2. [1]0]o[o]1[o[1]o[1[0]0[1] - 101101—|

- . Trailing zeros

XO«

(8A9.B#);; = (1000 1010 1001.101101);

Octal to Hexadecimal Conversion
o The easiest way to convert octal number to hexadecimal number is given below.
1. Convert octal number to its binary equivalent.
2. Convert binary number to its hexadeama] equivalent.

5

' Solution H ‘
Shp 1: Write eqm'valent 3-bit binary number for each octal digit.

Step 2: Make group of 4-bits starting from LSB for integer part and MSB for
fractional part by adding Os at the end, if required.

Sbﬁ 3: Write equivalent octal number for each group to 4-bits.

6 1 5 || 2 5 Octal (Base 8)
Step 1. 1]1]0fojo|1 1l0[1 . 0]1]0 1] 0|1 Binary (Base 2)
step2. 1810101 1[1]o ofo[ 1] 1] o] 1] - o[ ]o[1[o]1]5] Binary (Base 2)
Btop 3. i 8 | D . 5 4 Hex (Base 16)
| ' Adding 0s to make :
i » a group of 4-bits Adding 0s to make,

a group of 4-bits

TECH A X
HNICAL PUBLICATIONS™ An up thrust for knowledge
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Hexadecimal to Octal Conversion
o The easiest way to convert hexadecirnal number to octal number is given below.
1. Convert hexadecimal number to its binary equivalent. 4
2. Convert binary number to its octal equivalent.

Example 1.4.6

Solution :

Step 1: Write equivalent 4-bit binary number for each hexadecimal digit.

Step 2 : Make group of 3-bits starting from LSB for mteget part and MSB for ﬁacﬁonal
‘part by adding Os at the end, if required.

Step 3 : Write equivalent octal number for each group of 3-bits.

B c 6 6 . A F Hex (Base 16)
Step 1. 1{0{1}1]1]1{ojolo]1]|1}ofoi1|1jo| - [1]o{1|o[1]1]1]|1 Binary (Base 2)
Step 2. :%};61011110001100110‘1o1o1111% Binary (Base 2)
Step 3. 1| 3| e | 1+ |a|lse]-]sT3s]es Octal (Base 8)

Adding 0s to make
a group of 3-bits .

Converting any Radix to Decimal

Adding 0 to make
a group of 3-bits

¢ In general, numbers can be represented as :
N=A " A, o 24 A+ AP+ A T4 A 24..Copr ™

where N- = Number in decimal o o
A = Digit
r = Radix or base of a number system
n = The number of digits in the integer portion of number

m = The number of digits in the fractional portion of number

. f’rom this general equation we can convert number with any radix into its decimal
eqmvalent This is illustrated using followmg example.

Example147 Conv'% 1 2

AR AR

Solution: . N = 3x43 +1><42 +0><41 +2x4° +1x4T42x4?
=192+16+0 + 2 + 025 +0.125 210.37510

Example 1. 4 8 Jjetw

Sol_uhon. (193),(4 = (623)g
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Converting octal into decimal : 6x 82 +2x8+3 = (403)10 = (6235

(193), = Ixx2?+9xx+3xx" = (4080
. x=16 orx=-25

L x= 16

x2+9x+3 = 403

Negative is not applicable
(193)16 = (623)s
EEXY conversion of Decimal Number to Any Radix Number
Step 1: Convert integer part.
Step 2 : - Convert fractional part. :
o The conversion of integer part is accomplished by successive division methodq ang
the conversion of fractional part is accomplished by successive multiplication
method.

Steps in Successive Division Method
1. Divide the integer part of decimal number by desired base number, Store

quotient (Q) and remamder ®).
2. Consider quotient as a new decimal number and repeat step 1 until quohent
becomes 0.
3. List the remainders in the reverse order.
Steps in Successive Multiplication Method .
1. Multiply the fractional part of decimal number by desired base number.
2. Record the integer part of product as carry and fractional part as new fractional
part.

3. Repeat steps 1 and 2 until fractional part of product becomes 0 or until you have °

many digits as necessary for your application.
4. Read carries downwords to get desired base number.

Example 1.4.9

fz i

Solution :

Intgger part : Conversion of integer pazt by successive division method.

Q R
LSD
2 0 LSD
2 0
21311
2 1 MsD
0.

MSD11

(12);5 = (1100),

. -
TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Fractlonal part : Conversion of fractional part by successive multiplication method.

Fraction Base Product

xﬂ=°MSD e

=11 g

1} Lsp-

k]
= O

(0.125)59 = (0.001),

(12425),5 = (1100.001) ;

Solution :
Integer part : Conversion of integer part by successive division method.

esto
s ||
. 8

:l 81MSD.
: )

MSD 1 2 2 2

N

N

(658)40 = (1222)4

Fractional part : Conversion of fractional part by successive multiplication method.

Fraction Base Product

b= f

- (658.825) = (1222.646)4 -

6] msp

(0.825),9 = (0.646) ¢

In this example, we have restricted fractional part up to 3-digits. This answer is an
approximate answer. To get more accurate answer we have to continue multiplying by 8
until we have as many digits as necessary for our application.

TECHNICAL PL{ELICATIONS-- An up thrust for knowledge
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Example 1.4.11

SIS

successive division

@ 10(A) LSD

165
11 MSD
—}] o .

MsD 1 5 0. A .

» i ) _ method.
Solution : . b Q R
ersion of integer part PY
Q

Integer part : Conv m LsD
g
g
b

>

(5386)g9 = (150A) 46

Fractional part : Conversion of

fractional part by successive
multiplication method.

In this example, we have
restricted fractional part up to
3 digits. This answer is an
approximate ~answer. To get
more accurate answer we have
_to continue multiplying by 16
until we have as many digits as
necessary for our application.

Fraction Base

o] « [E]

(0.345),9 = (0.585) 45 ' . (5386.345);9 = (150A.585)

the

us assume that the base is b. We have,

(x-3) (x-6) = X*-11x+22
But 3 and 6 are same is any base, whose value is more than 6.
Bk = B =61 '
(E-9x+18) = (- 11x + 22),

ie. and

Comparing coefficients of x we have

(9)10 = (11)1,'

9 =b+b=pl 41
b=8 -

TECHI " An’
TECHNICAL PUBLICATIONS™ An' up thrust for knowledge
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Comparing coéfﬁcienls of x” we have )

(18)y =
18 =
16 =

b =

of Digital 'alld Logic Families
OR
@),
2xb' +2xb0=2xb! +2
2b
8

(4433214)5 = 4x56 +4x5° +3x5% +3x5% x2x52 +1x51 x + 4 x50
s
= 4x156?5+4x3125+3x625+3x125+2x75+1x5+4x1
= 62500 + 12500 + 1875 + 375 + 50 + 5 + 4
= 77309 ’
———
12 77309 | 5
12 642 | 10 A
12 536 8
12 4 | s
12 3 3
0
(4433214); = (388A5),
i

Example 1

oo

4

Solution :

(35614),

(35614),

e ‘,
3x7% +5x73 +6x72 +1x71 +4x70

7203 + 1715 + 294 + 7 + 4.

= 9223 '

(5407) 1,
i

o & O N

GTU‘ : Dec.-12, May-
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Integer part : A : L5
ger p Q'R LD - 0.5 = (0.2)4
3] 260 : o (2505)y = (3322.2),
' 2 ’
. 3| 8 iif)  (250.5);0 = ( )7
3| 27 |0 . p
| = o - Integgr part : . . . i
3l 9|0 : g Q R d
L il
(250019 = (110021)3' n
. . MSD
Fractionsl pert Fraction Base Product MSD . ) :
(250)19 = (505), . ) ‘
Fractional part :
yeD Fraction Base Product MsSD

. x
0.5)10 = (0.11)3 .
[ o5 ]x

(250.5) = (110021.11)3

LsD

‘ i) (25080 = ( )4 05)5 = (0.33),

Integer part : . (250.5)19 = (505.33),
' LSD iv)  (250.5)19 = ( )16

Integer part :
Q ‘R

. LsD
4 3 16 | 2650 | 10—=A
: R e
MSD ‘
: : n MSD

o sy = Ga22), ; @0 = FAe

Fraction Base Product
E-EE ]

, . Fractional part ; ) ’ Fractional part :

Fraction Base Product

x
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05 = 0D : 1 Dec. 12, Marks 3
250910 (FA.8)16 . - \ Sulutio.n : Integer part :, ’ -
o]z P
o[or]
a R ° 3 msp
2| 130 |0 LsP . 0
—, : (25019 = (372)g . -
R ) ’
-;‘ ° » Fractlonal part : . ¥
2 . . Fraction Base Product
16 |0 —— C
e [ |
o 2] 8 vt
, '—4- 0 . ) 2 0.5)1p = (0.4)g
.2 o ) X (250.5) = (372.4)g
— I | ¢
° | wmsp 3 Solution : 1) (4E7.2)1¢ = ( )g )
(130)p = (10000010) ) ' ’ } . Stép 1: Hexadgcihal to binary conversion . ]
2) (1011011); = ( )1 ) 4 N Hexadeclmal
N = 1x26+0x25 +1x2% +1x28 +0x22 +1x2! +1x2° E LA o b
o : : o[1]o]of1]1]1]o[o[*]+]+]-o[o[1]o| enary number
= (9o : . . .
a011011), = 0Dy  (4E72)56 = (0100111001110010)
3) (1011101111), = ( )g T Step 2 : Binary to octal conversion
1ol1l1 1'0’1 1‘1!1 Binary number e : 0‘40 0!1‘1 1’I°‘° 1'1l1 . 0‘0‘1 Binary number
3 5 7 | Octal number 2 3 4 7 |-| 1 |Octal number.
Adding 0 to make : Y
agroup of 3-bits
g y 4E7.2) = (2347.1
~QOII0111Y), = (3575 N v UET-D16 = @471
4) (110111011101111011), = ( )44 . 6235 =()2 o
: 910 1]1[o]1]4] of1[4]4 of1]]1 1]0] 1] ‘ S| 2 | 1 || 3 |octalnumber
HEEEREEE . , 1]0]1]o[1]ofo] o} 1] -Jo[1] 1] Binary rumber
Adding 0 to make .
: @roup of 4-bits ¢ . {— (521.3)g = (101010001.011),
: (110111011101111017),, = ’ ‘ =
), = (3777B)16 l TECHNICAL PUBLICATIONS™~ An up thrust for knowlsdge
& ‘ TECHNICALPUBLICATIONS'-.Anupthrusllarknowledgs ' ‘ .
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0.45x2=0.90
0.90x2=1.80

0.80x2=1.860

- (33.45); = (100001.011);

Solution : .. (33.45)1 = (100001.011)

Solution : (56 =5x161+6x167 =80+6=(86)19

Example 1.4.21 &

-Solution :
2|32 |0 LsB
2160
2 8 0
- . (32)4 = (100000),
2| 4o . o
2 2|0
2 1 1 MSB
PR

TECHNICAL PUBLICAT g
TONS™- An up thrust Inrknowledga
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3 2 3 -4
0.5x4=2.0 05x7=35 ' 0.5x8=4.0
. _ 0.5x7 =35
05x3=15 - . oo
. 1
053=15
(250.5) = (100021.11)5 = (3322 2)4 = (505. 33)7 = (372 4)g

Example 1.4.23 le
e

Solution : Error allowable is 0.01 x 0.252

=000252 «[Z] -
270 < 0.00252 or 2™ > 397
@3-
n = I‘;g3§7 = 863
o8 [oooe |« [2] =
n = 863=9
R 0016
(nearest integer) E

Number of digits after decimal are (o032 ] E 0}joe4

. nine. ——
- [F

-

e

o512 | x [2] = E@

- (0.252)4 = (0.010000001);

TECHNICAL PUBLICATIONS™ An up thrust for knowledge
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B Example 1.

Solution

o

o (52)40= (110100),

N DN NN N
=3 . - '
- wlm\m\g\%

. — =

i)
4 3 6 Octal number
L molol1 o[o ol1 1 1!1 0 | Binary number
’ 1 1 E Hex number
. (436)g = (11 E)gg
i) (5C7)s = 5x162+12x161 +7x160 = 1280 + 192 + 7 = (147910

1x24 +1x23 +0x22 +1x21 +1x20 +1x27 1 +0x272 +1x273

iv) (11011.101) °

= 16+8+0+2+1+05+0.125 = 27.625

N

Summer-16, Marks 2 !

1]
(4433)5.= 4x53 +4x52 +3x51 +3x50 = 500+100+15+3 = (618)19

TECHNICAL PUBLICATIONS - An up thrust for knowiedge

and Logic Families

Digital Fundamentals 1-23 Fun of Digital

- (618); = (1001101010),

[Example 1.4.26 polirtie 6 { GTU : Summer-16, Mark 1
Solution : 1011 0111 0110 1110
B 7 6 E
- (1011011101101110), = (B76E) ¢ .

Complement of Numbers

¢ In this section, we see the complement numbers used in different number systems.
These complement numbers are used in case of subtraction of two numbers in
corresponding number systems. ' '

EEEE 1's Complement Representation

e The 1's complement of a binary number is the number that results when we -
change all 1’s to zeros and the zeros to ones. ;

Example 1.5.1 % 0
Solution :
Number
NOT operation

1's complement of number

EEE] 2's Complement Representation

o The 2's complement is the binary number that results when we add 1 to the 1's
complement. It is given as,

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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2's complement = 1’s complement * 1
* The 2’s complement form is used !o repres

ent negative numbers.

Carry
1's complement of number

Add 1
2's complement of number

RS

Solution : To represent 200 and — 200 we need 9-bit number system.
011001000
[4To]o[4]1]o] 1] 1]1

S]] 1

1]oo[1]1]1]0]0]0

+200 =

1's complement
Add 1
2's complement

~20 =

Flg. 1.5.1

Signed Binary Numbers

o In practice, we use plus sign to represent positive number and minus sign to
represent negative number.

e However, because of hardware limitations, in computers, both positive and
‘negah've numbers are represented with
only binary digits.

o The leftmost bit (sign bit) in the |

number represents sign of the number.  S~—r0MB——  _—

Sign . Magnitude
Fig. 1.6.1

B7 B6 B5 B4 B3 B2 B

-o The sign bit is 0 for positive numbers
and it is 1 for negative numbers. .

o Fig. 1.6.1 shows the sign magnitude format for 8-bit signed number.

" Here are some examples of sign-magnitude numbers.
1. +6=00000110. 2. - 14 = 1000 1110

3. +24=00011000 4. - 64 = 1100 0000

+127
—127

Maximum positive number :
Maximum negative number :

mnnnn
NEIRIE

nn

[ TIIIL]

Digital Fundamentals 1-26 F

and Loglc Femilies

of Dightal Syst

Let us see how = 6 is represented in these three formats. Consider the number 6
represented in binary with eight bits.

8igned-magnl P tation : [1[0]0]0[0[1]4]0
8igned-1's p p tion : 1]1[1]1]o0l0]1
8igned-2's p p! lon : 1[1]1]1]0]1]0

In signed-magnitude, - 6 is
obtained from + 6 by changing the
sign bit in the leftmost position
from 0 to 1. In signed-l's
complement, - 6 is obtained by
complementing all the bits of +6,
including the sign bit. The
signed-2's complement
representation of — 6 is obtained by
taking 2's complement of positive
number, including the sign bit.
The Table 1.6.1 lists all possible
4-bit signed binary numbers in the
three representations. Looking at
the Table 1.6.1 we understand
following points :
= Positive numbers in all three |
representations are identical and §
have 0 in the leftmost position.

s All negative numbers have a 1 in |
" the leftmost bit position.

» The

Tahle 161
complement .

system has only one representation for 0, which is always positive.

s The signed-magnitude and 1's complement systems have either a positive 0 or a
negative 0.

signed-2's

With four bits, we can represent 16 binary numbers.

The sign-magnitude representation requires separate handling for sign'and
magnitude during arithmetic operations and hence it is suitable in computer
arithmetic. Therefore, the signed complement nimbers are normally used in -
computer arithmetic. The 1's complement.imposes some difficulties and is seldom
used for arithmetic operations. It is used as a logical operation since the change of
1to 0 or0tolis equivalent to a logical complement operation. The signed-2's
complement system is commonly used in computer arithmetic.

TECHNICAL PUBLICATIONS™ An up thrust for knowlsdge

Scanned by CamScanner



Digital Fundamentals

ERERY s i
signed 2's complement 8-bit fo \\f\\ \‘mﬂ,er:
Solution : Signed magnitude representation of a n .

In this representation most significant bit is used to code sign of a Nump
1= tive, 0 = + ve) and remaining bits are usec ¢ e
— represented will be from + 2"~ 'to - 2" 3,

N\

o

representation, number

9 100 1001
Example 16.2 W epres ’jidmml\f 14 AW“” \?«\ : ¢ y
Solution :

i1|o mn 1} —13in sign magnitude representation

f1]1]1] 0] 1]0! -13in1's complement representation

T

f1]1[1]1i0]ol 1|1} -13in2's compl t repr
Example for Practice

Example 1.6.3 : Write the sign-magnitude, 1's complement and 2's complement forms of
— 36 in a 8-bit number system [Ans. : Sign-magnitude:10100100

1's complement:11011011, 2's complement:11011100]

1. What are 1°s compl. and 2's compl numbers ?
2. State adoantages of 2's compl. number rep ion. .
3. State the different ways for representing the signed binary numbers. &

! Blnary Arithmetic GTU : May-13, Summer-15, Winter-7

Binary Addition

e The additi i 3 :
171 on consists of four possible elementary operations, as shown in Table

TECHNICAL P ",
UBLICATIONS™. An up thrust for knowledge

ed to represent magnitude with 'y b

Digital Fundementals X 1-27 F of Digital Syst

e The first three operations produce a sum whose |
length is one digit, but when the last operation is
performed sum is two digits.

o The higher significant bit of this result is called a
carry and lower significant bit is called sum. >

¢ Such a operation is known as half addition.

e The operation which performs addition of three
bits (two significant bits and a previous Inputs ’
carry) is called a full addition.

e The Table 1.7.2 shows the truth table for
full addition.

Addition Method

1. Add bits column-wise starting from LSB

with carry if any. :

A B Cin | Cout | Sum

2. Put the sum at the bottom of the same
column.

3. Put the carry, if any, on the top of next
column.

Table 1.7.2 Truth table for full-adde

T
) and (11011010). .

1{1}0{0}1{1{0| 0| Number1

CEREIRER) Perform addition o

Solution : In the above example, we have
seen the addition of two unsigned binary
numbers. In case of the signed numbers,
we have to consider the' sign of the +| [1l1fo[1[1]0] 1] 0] Number2

number and we may require sign i iiof o] o] 1] 1] 0] Resuit(s)

extension to avoid possible overflow. ) .

Example 1.7.2 § /i B

W&&\\“\&%\jﬁ\wwx\.\w
) Y & \ il bma% N
\ &\\\\\\Q\\ﬁw\\'g\\"\ CH GG

L

.~ Solution : Using decimal to binary conversion technique discussed in section 14.8 we

have,
d \\ Carry . (28)10
' 111]1]0]0| Binary equivalent of (28)1 * (1) -
Sign Extension + 10
. o[ A]1| inary equivalentof (1S)o T
sign—= gl o[ 1]0[1]1]

28)p = (011100); and (15)19 = (01111),

Result : Binary equivalent of (43)4

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Binary Subtraction

e The subtraction consists of four possible |
elementary.  operations,  as shown in
Table 1.7.3. i

e In all operations, each. subtrahend bit is
subtracted from the minuend bit. In case of
second operation the minuend bit is smaller
than the subtrahend bit, hence 1 is borrowed.

Subtraction Method
1. Subtract bits column-wise starting from LSB
with borrow if any.
2. Put the difference at the bottom of the same column.
3. Take the borrow, if required from the next column.

(EIRER .77 (111011003, ~ (00110010

Table 1.7.3 Subtraction Operatigy,
11

Solution :
10
0 & 10 0 10
1jAiA|@8|1|A|0]|0]| Number1
—{0jo0{1]1]0[{0{1]0}| Number2
1/0}/1/1|1|0j 1|0 Result

Note: (10), —(1),= (1),

o However, the subtraction technique we have just seen is difficult to implement in
a computer. Thus, computer uses 2's complement representation to implement
negative number.

Binary Subtraction using 1's Complement Method

e In a 1's complement subtraction, negative number is represented in the
1'§ complement form and actual addition is performed to get the desired result.

o For example, operation A — B is'performed using following steps :
1. Take 1's complement of B.

2. Resulf < A + 1's complement of B.

3. If carry is generated then the result is positive and in the true form. Add carfy

to the result to get the final result.

4. If can"y is not generated then the result is negative and in the 1's complleme\‘\t
form. - . : ;

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

Solution : (28)79= (011100),
(15)1p = (001111),

[TA01] (ko

Carry
1's complement of (15),¢

Camy ' (28)19
Binary equivalent of (28),, +

Sign Extension _,_." 4 1's complement of 15, i.e. (<15) 1500
Result : (13)49

Add end around carry

| Final result: Binary equivalent of (13)o

T
0

Solution : (15)19
(28)10 = (011100),

oj1j1i1 0} Binary equivalent of (28)4,

Carry
1's complement of (28),,

[1]4]
1]ofojo[1]1]

sy (15)10
Binary equivalent of (15)4o
110 1's complement of (28)g
111

.-nnnu Result = Binary equivalent of (-13)4o -13)4p
Verification . [) nn 1 nn 1's complement of result (Binary equivalent of (13)49)

Binary Subtraction using 2's Complement Method ) .

+
. 28)0

e In a 2s complement subtraction, negative number is represented in the
2's complement form and actual addition is performed to get the desired result.

o For example, operation A —B is performed using following steps :
1. Take 2's complement of B. ’ :
2. Result « A + 2's complement of B.

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge.
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e and in the true form. In, thig Digltal Fundamentals 1-31 Fundamentals of Digital Systems and Logic Families

, ...<
3. If carry is generated then the _.mmc_.ﬁ is positl

is i Solution:1)01000-01001 . . i
is 1 ored. . . : '
case, carty. is 1gn od then the res 4lt is negative and in the 2's noSEmEmE . =TTSTTT 7] Subteacior
i era
4. m carry is not gen SU— \\%ﬁ%\\\&\\w\\\\\\\ 110 1] 1] 0| 1's complement of subtractor
Oorm. ) ‘.1:lli&i\.!ﬂ16\..343<,3\1w;f S men ¥ > Quﬂ\‘\\\\\\
‘ e TRy using 6-bit 25 P ple i \\\\ , v 1 Add1
— o .wa.?o L " {1]0] 1] 1] 1] 2's complement of subtractor o

Solution : (28)10 = 8558»
Aoo::vm - {ot1}0]o0]o]| Subtrahend

15); :
(9o EEHHHE (15)10 : ; +{ 1101101 1] 1| 2's complement of subtractor

No carry, result s negative and in

Carry , , : . ' 11111111 1] 2s complement form
' ent of (15) "
1's complom 1 )00111001-00011110
Add 1 olo|of1f+|1]1]1]}0]| Subtractor
. , of 15, i.e., (-15) :
2's complement . 10 11111]0}+<}0}0j0]| 1] 1's complement of subtractor
carry (28)y9 o4 1] Add 1
Binary equivalent of (28)1p + [1]1]1]o]-ToJo[ 1] 0] 2's complement of subtractor
+ 2's complement of 15, i.e. (-1 5o (=15} -
i " _—
ma_s mﬁmNo: Result : Binary equivalent of (13)4 (13) . 7 Carry
nore Carry — 5
’ ’ R ’ 2 / 0{0|1{1]-]1110]0} 1] Subtrahend -
E \hm&.u.wﬁn Qmm& r‘ﬂ.mma; using 6- ~ ) 1{1{1{0]|+}0j0{1|0] 2'scomplement of subtractor. o
— CIET L e e Discardcarry A 0/0l0|1]-|1]0] 1] 1] Result . .

Solution : (15)19 = (001111)7
.Ammvuc = AO:.HOSM

EHHEEB Binary equivalent of (28)49 ’ ‘mxma_!m ‘._‘.q

1 Carry Solution :

+3 o_ 0 _ 0 _ 1 “ ._>.“no”_.=v_w3m3 of (28)4g 13- 2413
j_ o_ 0 _ 1 _ 010] 2'scomplementof (28}, i.e., (~28)1g (+13)y, = Aoo.oﬁodm
Nocany — [5]_[lAE Carry |  (8)o (+42)5o = (0101010), :
. ojof1i111]1 Binary equivalent of (15), + (<2810 , ol Tol i Tol Tol +42 -
1/]0j0i1j01{0 2's complement of (28),, : 1/0{1]0]1}0] 1| 1's complement of 42
1]1]010{1 11| No carry, thus result is negative (130 0 + 1] Add1
. and in 2's complement form _ 1 _ 0[1]0 _ 1] 1] 0] 2's complement of 42
<¢_.5.,u§o= 0f0{1i1]0|0]| 1'scomplement of result . ! , _
+ 1| Add1 - B , - . T
oloj1!1]0/(1]|-Resuit= Binary equivalent of (13),, ‘ 1101 ““M " '

< \mw\m\&w\m\u em 11011{0}1]1]0] 2's complement of 42 |
. No carry, result Is negative and in 2's

‘ 2 ‘ \\ \\\\\m\w& i \ 1j1jojojoj1it complement form
\ \\\\\\\\N\\N TECHNICAL PUBLICATIONS - An up thrust for knowledge :
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Digital Fundamentals

1.7.10

*:&\\»\\V§

Solution : It is assumed th

at given numbers are s

"a) 11010 - 1101

<

using 1's ¢ pl .
13
gﬂ 1's c?mplement of (13)

. Carry

[T
nnn (26)49
[o]ofo[1]

nn Result

Fig. 1.7.1

There is no end around carry. Therefore, the answer is,
— (1's complement of 11100) = — (00011) .

" Subtraction using 2's complement

2's complement of (13),,

[oo]o]
nnnn 1/ Result

Fig. 1.7.2

There is no end carry. Therefore, the answer is,
= (2's complement of 11101) = - (00011)

TECHNICAL PUBLICATIONS™. An up thrust for. knowledge

1's complement of (13)4o

10

tems and Logic Fap, ey

Digital Fundamentals

of Digital

b) 10010 - 10011

Subtraction using 1's complement

(19)40
1's complement of (19),, .

=}

(18)49

0 | 1's complement of (19),,
0 | Result !

There is no end carry. Therefore, the

Fig. 1.7.3

answer is,

= (1's complement of 11110) = — (00001)

Subtraction using 2's complement

CTRLT

(19)g0

[o]1]1]o

Add 1

G

1

0 | 1's complement of (1 9)10
. d

1

2's complement of (19)49

o

(18)49

2's complement of {19)49

Result )

Fig. 1.7.4

There is no end carry. Therefore, the answer is, -

- (2's complement of 11111) =

Example 174 3¢

Solution : (78)y = (01001110),
(58)10 = (0111010),

(00001)

1's complement of 58

T e [+ To

[1]o

2's complement of 58

|o|o]>1|1 0

‘ Carry .

Sign 1]0| (78)
extension— 4141 1[0 00| 1| 1]0] 2'scomplement of 58
Discard—s J 0|00 1]0] 0] (20)

carry

Scanned by CamScanner
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& “ 0000)2 : \
1's complement of (10000),

Add 1
2's complementof (10000),

Carry

0
0| 2's complement of (10000),

0| Result
Discard carry [‘

- (11010), - (10000); = (1010);
Fig. 1.7.5

[ GTU : Summer.1]

Octal Arithmetic

Octal Addition
o .The sum of two octal digits is the same as their decimal sum, provided th
decimal sum is less than 8. If the decimal sum is 8 or greater, subtract 8 to obtan
the octal digit. S :
e A camy of 1 is produced when the decimal sum is corrected this way, &
illustrated in the following examples.

Example 1.8.1 a) 45

Solution : a) 45+ 25 = (6)g
b) 6g+7g = (13-8)55 carry 1
carry 1

) 15475 = (8-8)0g

el T i _ .
* To obtain the sum of multi-digit octal numbers, the procedure just described 8
applied to each column of digits as illustrated in the following example.

iy 2 Y
csamvlo 132 PEENC )l ET
/ S %f////%

Solution :

¢ If the decimal sum of several octal dij

equal to 2. gits é 16 or greater, subtract 16 and set @)

% ¢z, ] ) TECHNICAL PUBLICATIONS™. An up thrust for knowie: dge

Digital Fundamentals . 1-35 F

of Digital and Logic Families
o In general, we can express any decimal Carry
. sum in octal by repeatedly subtracting
8 until the result is one of the octal 1]6 [ 7 | Numbert
digits through 0 to 7. : ' 3| 2| 5| Number2

e Each time 8 is subtracted, the amount
of the carry is increased by 1. This
procedure is illustrated in the 51| 4
following example.

Example 1.8.3 |

When sumis > 8,
Sum=Sum-8,Carry=1 .
Result :

" Solution :
Carry
(341)g
12| 5 | (125
4 | 7| 2| (472)
s | 7| 7] (577
1 {(15-8)(21-16)}(15-8
1 7 5 7 Ravsult

(341)g + (125) + (472)5 + (577)g = (1757)g
Octal Subtraction using 8's Complement
o We have seen how binary subtraction is performed using 2's complement method. .

Similarly, octal subtraction is performed using 8's complement method.

e The 8's complement of an octal number is found by adding a 1 to the least
significant bit of the 7's complement of an -octal number, as illustrated in the
Example 1.8.2.

Example 1.8.4 ’\ i
Solution : ) -7—a §
Step 1: Subtract each digit of a 3]4(6] (346)g
’ number from 7 to get Step 1 413 1‘ 7's complement of (346)g
the 7's complement of " Step2. + 11 Add1 )
the number. ' 213 2]| 8'scomplementof (346)g

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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Step 2: Add 1toitto get the 8's complem
The steps for odal subtrachon using 8's ¢
Step 1: Find 8 complement of ‘subtrahend.

Step 2: Add two octal numbers (first
" number.

entals of Digital Systems ang Logis

ent of the number.
omplement method are as given below

number and 8's complement of the

F.%\“

Carry
(516)

8's complamantof““\

Result

Step 2.
Step 1.
i (413)
(413)g N

4 | T'scomplement of (413)g

1] Add1 !

s | s complamentof (413, tgnore camy—-| X | 1 | 0 I s

Step 3. ’

Step2:

(451)g

T's complement of (451)g

7’8 complement of result

Add 1

8's coinplemar'n of (645),
- (316)g - 451)g ~» (~133),

TECHNICAL PUELIC‘ATIONS‘- An up thryst for kn
' owledge

Carry
(316),

8's complement of (451}

Result

Digital Fundementals 1-37 Fund: of Digital and Loglc Families

s i
Example 1.8.7 jﬁ{ GTU

Solution : Let us perform octa.l subtrahon using 8' complement

Sumlner

8's complement of 45 = 77 —45+1 =33
(66)g -(45)g = (21)g

l1 1 Carry

+ 3 3 8's complement of 45

(10-8)| -8 |

Ignore
carry 2 1 Result

. (68)g — (45)g = (21)g
Fig. 1.8.1

EEY Hexadecimal Arithmetic

EEXHN Hexadecimal Addition

* The sum of two hexadecimal digits is the same ‘as their equivalent decimal sum
(with any sum from 10 through 16 is expresses a letter from A through F),
provided the decimal equivalent is less than 16.

o If the deci.mal sum is 16 or greater, subtract 16 to obtain the hexadecimal digit.

* A carry of 1 is produced when the decimal sum is corrected t}us way,
lllustrated in the following examples : . <

Example 1. 1) 1 .
Soluhon a) 316+ 916 = le,

b)916 +716 = (16-16) 046 carry 1 = (10)y¢
)A+8y = (18-16) 24 carry 1 12)5

e To obtain the sum of multi-digit hexadecimal numbers, the procedure ]ust
described is applied to each column of digits as illustrated in the fo]lowmg
example. '

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

Scanned by CamScanner



Systams and Logic Famijigy

camy
(3F8)16

(5B3)s

When Sum > 16, Sum = Sum - 16, Carry = 4

* o geneerdLmalwe vn :Z:’;adeamal form by repeatedly subtracting 16 untll the resul
any decimal &um 3 0toF.
> is one of the hex digits through mc:reased by 1.

o Each time 16 is subtracted the amount of the carry is

Soluhon H

) Carry

8| 9| 2| (892

5| 8| F | (58F)g

11 7] 8] (78)

48| E | (48E)g

. 1 foteyuazise2
[ 1 l 4127 Result
(892)16 +(53F)15 +(173) 1 +(48E)16

(1427) 46

Solution :
1 1 Carry
6 | E
+ c 5
1918

(19~16)
o ]s]
) . (6E)sq + (CS)g = (133),4

TECHNICAL PUBLJ "
ICATIONS™. An up thrust for knowledge
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EEXA Hexadecimal Subtraction using 16's Complement

o Hexadecimal subtraction is best accomplished using the 16's complement method
like 2's complement for binary subtraction.

e The 16's complement of a hexadecimal number is found by addmg a1 to the least
significant bit of the 15's complement of a hexadecimal number, as 1].1ustrated in
the example 1 8 4.

Soluhon 2
Step 1: Subtract each digit of a number from 15 to get the 15's complement of the
number.
Step 2 : Add 1 to it to get the 16's complement _ |15]15]15 N
of the number. A{8|C| (A8C)g
o The steps for hexadecimal subtraction+ L517}3| 15's complementof (A8C)g
using 16's complement. method are as 1} Add1 _
given follows. [s]714] 16's complement of (ABC)q

Step 1 : Find 16's complémer\t of subtrahend.

Step 2: Add two hexadecimal numbers (first number and 16's complement of - the
second number)

Step 3: If carry is produced in the addition it is discarded; otherwise' find 16's

complement of the sum as a result with negahve sign.

Examp|e 1.9. 6

Soluhon
Step1 : 15115115 Carmry *
Sle 7] 2l (972 Step2: ciB| 2] (CB2y
68D 15's complement of (972)¢ +| 6|8 | E | 16'scomplementof(372)ys
- 1 Add 1 Ignore carry 20-16(16-16
l 6 ‘ 8| E 16's complement of (972)¢ stop : ; 3|40 Result
(CBZ)16 - (972) — (340),¢
TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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damen!

SO \:&\\\\\k\

S
RSN % actiatt
\\&‘@Wmaww\\\rs\i&\\ \&Kt\g\\‘ e

SN

1-40

Carry

(38718 -
16's complement of (854)“

Solution ¢

Step 1: mmm

- ggg % wmpl.ﬂ'""' of (854)6 Result
) dd 1
+ :G'S complement of (854)16

n E y y lement
hence take 16's comP
step 3: Nocamy.

15's complement of result

Add 1
16's complement of result

(3B7)16 - (85816 = 49D)16

Examples for Practice

Example 1.9.8 : Perform addition of (FA6); and (BC4)16
Example 1.9.9 : Perform (ESD)y5 — (1F8)15

Example 1.9.10 : Perform addition of (1A6); and (474)g
Example 1.9.11 ; Perform (E8D)y5 - (10101010,
Example 1.9.12 : Add the following numbers : (ABC),¢ + (CDE),

ERTY Binary Codes
o When numbers, alphabets or words are represented by a specific group of
symbols, we can say that they are encoded.
¢ The group of symbols used to encode them are called codes. The digital data is
Tepresented, stored and transmitted as groups of binary digits (bits).
* The group of bits, also known as binary code, represent both numbers and letters

of the alphabets as well as many special characters and control functions. They are
classified as numeric or alphanumeric.

* Numeric codes are used to Tepresent numbers,

. Alpllallu-ﬂlellc codes are used to represent Chalacters

[Ans. : (1B6A)6] |
[Ans. : (C95)1¢] %
[Ans. : (2E2)gq] |

[Ans. : (DE3)y6]
[Ans. : (179A);6]

: alphabetic letters and
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" EETEE Classification of Binary Codes

o The Fig. 1.10.1 shows the classification of codes.
. Codes

T

ghted N hted Refl Sequential Alphanumeric ~ Error detecting
codes codes codes and correcting
. codes

Fig. 1.10.1 Classification of codis ]

o The codes are broadly classified as . -

1. Weighted codes 2. Non-weighted codes ) o
3. Reflective codes 4. Sequential codes

5. Alphanumeric codes 6. Error detecting and correcting codes.

Weighted codes :
* In weighted codes, each digit position of the number represents a specific weight.
e For example, in decimal code, if number is 567 then weight of 5 is 100, weight of
6 is 10 and weight of 7 is 1.
¢ In weighted binary code each bit has a weight8, 4, 2 or 1 and each decimal digit
is represented by a group of four bits, as shown in the Fig. 1.10.2 (a).

Non-weighted codes . g
* Non-weighted codes are not assigned with any weight to each digit position, ie., "
each digit position within the number is not assigned fixed value.

* Excess-3 and gray codes are the non-weighted codes.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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gofort
AT
' - 5421 code
8421 code ighted codes

Fig. 1.10.2 (a) Wel

. . t for 0, th
9 is the complemen » the
oS be reflective when the code ;Z\d 5 for 4. This is illustrated i -

code for 8 is complement for 1, 7 for 2, 6 for
e

" Fig. 1.102 (b)-
Positional 24+4+2+1
weights | § ¢ f
Code for9 Complement

Codefor0[0 00 0
Fig. 1.10.2 (b) Reflective codes
<3 are also reflective. The 8421 code is not

o Like 2421, codes 5211 and exces
o the nine' found

o Reflectivity is desirable in a code when the nine's complement must be 3
such as in nine's complement subh'ac%ion.

Sequential codes ) . :

o In sequential codes each succeeding code is one binary number greater than its
preceding code.

o This greatly aids mathematical manipulation of data.

o The 8421 and excess-3 are sequential, whereas the 2421 and 5211 codes are not.

Alphanumeric codes

e The codes which consists of both numbers. and alphabetic characters are called
alphanumeric codes. i §

® Most of these codes, however, also represent symbols and various instructions
necessary for conveying intelligible information, '

* The most commonly used alphanumeric codes are : ASCII (American Standard
Code for Information I.nterchange),
Interchange Code) and Hollerith code.

TECHNICAL P! i
UBLICATIONS™. An up thrust for knowledge
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Error detecting and correcting codes .
o When the digital information in the binary form is transmitted from one circuit or
system to another’ circuit or system an error may occur. This means a signal |
corresponding to 0 may change to 1 or vice versa due to presence of noise.

¢ To maintain the data integrity between transmitter and receiver, extra bit or more
than one bit are added in the data.

o These extra bits allow the detection and sometimes correction of error in the data.

o The data along with the extra bit/bits forms the code. Codes which allow only
error detection are called error detecting codes and codes which allow error
"detection and correction are called error detecting and correcting codes.

. [EET¥ BCD (Binary Coded Decimal) Codes

e BCD is an abbreviation for bina.;'y coded decimal.

e BCD is a numeric code in which each digit of a decimal number is represented by
a separate group of 4-bits. The most common BCD code is 8-4-2-1 BCD. ’

e Itis called 8-4-2-1 BCD because the weights associated with 4 bits are 8-4-2-1 from
left to right. This means that, bit-3 has weight 8, bit-2 has weight 4 bit-1 has
weight 2 and bit-0 has weight 1. ‘ '

e The Table 1.10.1 shows the 4-bit 84-2-1 BCD code used to reprﬁﬁt a single
decimal digit. :

St

Table 1.10.1 84-2-1 BCD code

TECHNICAL PUBLICATIONS™~ An up thrust Ior'knawladqe
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. _ By Carry
atdigit  coding each pecimal .6 [0 1[7]0] seprors s+ [o[4[0[7] BeDfors
c :‘1 digit 15 individually g4-2-1BCD 3 oflof1|1| BCDfor3 2 0{0{1|0| BCDfor2
dec:wuhm—z-l BCD code, as 4403 . 9 [o]1]o]o[1]| BcDfore 7 [olo{1]1]1] Bepfor?
coded W the Fig. 1103 Total Fig. 1.10. . Sy
shown mrequjl'ed to encode 5810 : . t__ Valid BCD numbers __.1
8-bits are ; o
in8421BCD- . - : o The addition is carried out as in normal binary addition and the sums are 1 0 0 1
’ i { * 5 and 0 1 1 1 which are valid BCD codes. e
e . ) .
Advantag wand decimal.

1, Easy to convert between Case 2 : Sum greater than 9 with carry 0

o Let us.consider addition of 6 and 8 in BCD.

Bl binary digits to represent multi-digit number than binary L6 o] 1To] Bcofors
1. Since it requires more feient, For example, 10 represent the same number (58) 8 T1oToToT BCDfor3. ,
< less } L
number system. It is less etfic ¢ digits. § 14[0[1]1]{1] 0| Invalid BCD number(1110)>9
e 111010, we require only 6 digl
in binary : . 2/ Carry

2. Arithmetic operations are more complex.

e Thesum 111 0is an invalid BCD number. This has occurred becAuse the 'sum of
the two digits exceeds 9. Whenever this occurs the sum has to be corrected by the

. addition of six (0110) in the invalid BCD number, as shown follows.
,6 o{1]1]o] BCDfors
8 110{0]0 BCD for 8
' _ . 14 1)1 Carry
= (88} = (1010110), 1[1]1[0]. invalid BCD number
- ‘ +10}1]1}0| AddS6 for correction
[o]o[1]o[1]o]1] 1]o] Binary cary [1__Jol1]0]0
tal :

L N B R [oTolol 7ol 1[0 0] BcDtor1a

) 1 4 l Decimal

= (86)y9 = (1010110), = (126)g :
‘ * After addition of 6 carry is produced into the second decimal position.
) . . Case 3 : Sum equals 9 or less with carry 1 )
- Fig. 1104 . o Let us consider addition of 8 and 9 in BCD.
BCD Addition . carry
' ﬂ’Iﬁe addition of two BCD numbers can be best understood by considering the V +i 1 TATolelo] ecofors
ee cases that occur when two BCD digits are added; g 17 1/0/0}1] . BCDforg
Case 1: Sum equals 9 or less with carry 0 . ‘ . . 1. 10j0]0j1
Let us consider additions of 3 and 6 in BCD, . » Carry ) } Jcasck BCT resuit
: oJoJol4[ofofo]1]-"
K 1

g TECHNICA o " TEGHNICAL PUBLICATIONS™ An up thrust for knowledgo
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Digital Fundame . alid BCD numbers but it is ut;‘corlrect; To 8et ty |

(0001 0001) is valid = be added to the least significy, |

o In this case, result tor of 6 has 10

correct BCD result correction fac \
digit sum, as shown. corors
‘ : BcD for 9 ;
2 Incorrect BCD result
" N -Add 6 for correction
BCD for 17

Procedure of BCD Addition
e« Going through these three cases of

. addition procedure as follows : ' . -
i. Add tgo BCD numbers using ordinary binary addition.

2. If four-bit sum is equal to or less than 9, no correction is needed. The sum ig
proper BCD form. :
3, If the four-bit sum is greater than 9 or if a carry is generated from the four-bi:
sum, the sum is invalid.
4. To correct the invalid sum, add 6 (0110,) to the four-bit sum. If a carry result
from this addition, add it to the next higher-order BCD digit 1

[Exampie 102 B RS

BCD addition we can summarize the B(y)

%

NBCD = 8421 BCD
N (137)3p = (0001 0011 0111)Npcp
.

? u  [ofo[i]e] Te[i[o

+ 18  +fofofol1] [1]0l0l0
42 - / . Carry
ofo1]1 00 Invalid BCD number1100>9
[ +]0 [ 1 Add 6 for correction
ojof1[1]1]ol0]1]0
. v
1 Propagate carry to next higher digit
1.0 BCDfora2 . -
4 2 : .

TECHNICAL PUBLICATIONS™. An up thrust for knowledge
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b) 48 0|10 TTolol5]
58 +]of1]o 1]o]o[0]
. 106 c
arry
1lojol1]1Tol0 Propagate carry and
+ 191 o 0 ::t‘:%'orquhn
V10>9 80 adi -
Cany d 8 for correction
. 1]oj1io0] o110
. o[1]1]0
0[ojojo] joJ1]1]0] comected sum
1 [ o )

6 = 1jojof1fof1]1]o0 BCD for 96

56 = ol1foj1{ol1]1]0 BCD for 56

152 1j1]1]{of1]1]ol0 )

. +(o]1]{1]ofof1]1]0 Add 66
1l1{ [1]1

BCD for 152

954 - [1[0[o[1]o[z[o[1]0]1]0]0] BcDforsss
463
Y163 = 010021100011 BCD for
1417 aRDRRDRADARE
+l0]1]1l0jo]1|1]0]0l0[0[0]. Addseo
1]1]1]1] |1
g ‘  BCD for 1417
1 4 1 7

Example 1.10.6 {

Summer-15, Marks J

* TECHNICAL PUBLICATIONS-_< An up thrust IorknoW
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carry
79 (BCD)
16 (BCD)

Solution ¢

Add 6 ;
(95)BCD

's Complement Method

ing 9" ) A
[1.10.2.2 JoY Subtraction L¥ performed by representing negative numbe,

Subtraction of BCD numbers can be
in the 9's complement form. o ‘ L
:1 9's complement of a decimal number is found by subtracting each digit in

e 9's co .

nurriber from 9. o
o The 9's complement of each of the decimal digits is a
. T s -

S

s follows :

Decimal digit
4 5 0 9's complement
Table 1.10.2 9's c_omplefnent )

it of (3497)5c :

Example 1.10.7

Solution :

(3497)gcp .
9’s complement of (3497)gcp “

Stéps for subtraction of BCD numbers using 9's complement method

Step 1: Find the 9s complement of a negative number.
Step2: Add two numbers using BCD addition (Minuend + 9's complement of
subtrahend).
If carry is not generated result is negative and find the 9’s complement of the
result,
' D
Solution :
Step 1: Find 9's complement of 22,
9's complement of 22 = (99 -22) =77
Step 2 : Add 46 and 9's complement of 22,

Step 3 :

" TECHNICAL PUBLICATIONS™- an up thrust for knowledge

and Logic Families

f of Digital Syst

Carry
(46) BCD

(77) 9's complement of (22)BCD |

Invalid BCD numbers
Add 6 in each digit

Add end around carry.

Result

Since there is a carry the result is positive and true.
- (46)cp ~(22)Bcp = (249 pep-

(EERETEY s 5

Solution :
Step 1: Find 9's complement of 56
9's complement of 56 = 99 — 56 = 43
Step 2 : Add (24)4; and 9's complement of 56
Since carry is 0 the answer is negative.
Carry
ojof1]/ofof1lo]0 (24) BCD
110{0j0f{0}{1]1 9's complement of (56) BCD
1j1]0joj1]1][1} (67BCD

Step 3 : Take 9's complement of answer
9's complement of 67 = 99 - 67 = 32
(24)10-(66)10 = (-32)99

Example 1.10.10

Subly

Scanned by CamScanner
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BCD for 983
BCD for 748
9's complement of 743

Solution :

BCD for 983
9's complement of 748 -

Add 660

Add end around carry
BCD for 235

Solution :
893 = [1]o]o]of1]ofof1]ojoj1}1] BCDfor8s3
-647 = [o|1[1]o]of1[ojojoj1[1]1| BCDfor647
246 [o]o[1[*Jol o] 0]o]1]o] 9scomplementof 647
1]oJofo]1]ofo]1]o]of1]1] BCDforses
+lofol1{1{0f1]ol1{0]0}1}|0 9's complement of 647
1 1
of1]1]1[1]1]o]o]1]0}1
1[1]o]of1{1]ofo]ofo}0| Addeso
[ HEIEIE _
[1]ofo1]o]o]1]00]0]1]0]1 .
M — 1 Add end around carry
[ofo]4 oo 1o oo 1 1 0] BCDfor2as -

BCD Subtraction using 10's Complement Method

* Subtraction of BCD numbers can also be performed by representing negai’
numbers in the 10's complement form,

¢ The 10’s complement of a decimal number is equal to the 9’s compl emént plus 1

TECHNICAL PUBLICATIONS"- An up thrust for knowledge

1) (938 ) (6106)10

Digital Fundamentals 1-51 Funds ) ) '
e - of Digital Sy and Logic Families
[Example 1.10.12 {7 %E%é%

Solution :

Steps for subtraction of Bcb numbers using 10's complement method

BRRR '
3141917 (3497)gcp -
18]s]o]2] s complement of (3497)g,.,
+ 1 Add1 . .
6(5|0 i 10's complement of (3497)g¢p
Step 1: Find the 10’s complement of a negative number.
Step2: Add two numbers using BCD addition (Minuend 4 10 '
bt . (Minuend '+ 10's complement of
Step 3 : If carry is not generated result is negative and find the 10's complement of the

result, otherwise result is
5 2

Example 1:10.13 Ein

positive and discard carry.
g W

s X A i . inter-16. Marks 4
Solution : 1) (935);; = 9x112 +3x111 +5x11° =1089+33+5=(1127), . '
9999 - 1127 + 1 = 8873
2) 9999 - 6106 + 1 = 3894

Example 1.10.1

b Ere s

Solution :

- 10's complement of (935);;
10's complement of (6106) g

Step 1: Find 10's complement of 22. .
10's complement of 22 = 9's complement of 22 + 1

, =(99-2)+1=78
Step 2:' -Add 46 and 10's complement of 22

Cnrry.

+4s'*o100011o (@8)cp _
-22 of1|1{1}1f0fo0}o0 (78)10's complement of (22)gcp
24 1(0j1{1}1({1}1 L
1141 101 i Carry -

Invalid BCD numbers
Add 6 In each digit

eool

1]
) *lof1]1fofof1]1
Discardcarry % 0(0|1/0{0}1}0
2 4

Result”

TECHNICAL PUBLICATIONS™- An up thrust for knowledge )
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the result is POSt

(46)BcD

I “‘*’\\‘*“3\\8‘\\
Solution : )
f 56.
: d 10's complement © .
g 1 va lement of 56 = 9% complement of 56
10's comp:! : (99—56)+1=44
410 t of 56.
: 2 and 10's complemen
Step 2: Add (.4)}0 cary
(24)gco
® 10's complement of (56)scD
= (68)sco
"2 Camy[0]

Since carry is 0 the answer is negative.
Step 3 : Take 10's complement of answer.

2 10's complmeit of 68 = 9's complement of 68 + 1
' = (99-68) +1=32

(24)10-G6)10 = — G210

Examples for Practice

Example 1.10.16 : Represent the Jecimal number 6 in BCD code.

subtractions of BCD  numbers
ii) 24 — 29

[Ans. : 0110]

the  following using

t:i) 68-24

Example 1.10.17 : Perform
-9

7,

/4

Other 4-bit BCD Codes

2421 Codes
The 242-1 BCD is another self
complementing code or reflective code.
Its 4-bit code groups are weighted. In this
- case, the weights are 24-2-1, meaning
that bit 1 and bit 3 have the same weight
(). It is sometimes referred ‘to as 2°-
42-1 code, where the asterisk simply
distinguishes one position with weight 2
from the other. Since two positions have
the'sa‘me weight, there are two possible

Table 1.10.3 24
TECHNICAL PUBLICATIONS™. An up thrust for knowlsdg
g

¢
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bit patterns that could be used to
represent some decimal digits, but only
one of those patterns is actually assigned.
Table 1.10.3 shows the code assignments
for 2-4-2-1 code.

Reflective Property of 2421 Code

The Table 1.10.4 shows. the reflective
or self complementing property of 2421
code. It shows that, in 2421 code, code
for 9 is complement of code 0, code for 8
is complement of code 1 and so on.

Other Weighted BCD Codes

There are various other weighted 4-bit
BCD codes, each developed to have
certain properties useful for special
applications. Table 1.10.5 shows these . )
codes, identified by the weights assigned to their bit positions. The 7421 code is
 somewhat different than the other codes. When 1 occurs in either of the two rightmost
positions means that the weight of that position is subfracted, rather than added, to
determine the decimal value. .

o :
_Table 1.10.4 Reflective property of 2421 code

Table 1.10.5 Weighted 4-bit BCD codes

TECHNICAL PUBLICATIONS" - An up m.nlst for kliowledge
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Example 1.10.1

Solution :

2, 4221 code
1. 3321 code 4+72+2+1
|
(= 3+3+Z+1
o = Phb

m =(1101)328c0

4, 5311 code
5+Z+1+1

REN

3. 5211 code
'5 +2+1+1

f

(The =

Mo =

=(1100)sp11 8D =(1011)5311BCD

5. 5421 code 6. 6311 code
M= 5+A+2+]1 (Mo = 6+3+X+1
BRN - BRER
/ =(1010)5g1 5o = (100 1)y pep
8.7 4 2 1 code
f Doz ™ hod ot Mo= 7+4-2-1
R R

=(1000)45; gep =(1000),537pcp

Example for Practice

Example 1.10.19 : Represent the decimal number 6 in 843 1 and 2421 codes. :
" [Ans. : 1010, 1100]

Excess-3 Code

® The excess-3 code can be derived
coded number,

F ecimal h
; mor;x;mf’.td 12 can be represented in BCD a5 gog1 0010. Now adding 3
i eoge, o 53 code 25 0100 0101 (12 i decimal), It 5 &

from the natural BCD code by adding 3 to each
" non-weighted code,

‘

INIC) E
4L PUBLI_CATIDNS - Anup lhnu't for knowledge

Digital Fundamentals

Example 1.10.20 |37

Solution :

of Digital S

ns and Logic Families

e Table 1.10.6 shows excess-3 codes to
represent single decimal digit. It is
sequential code because we get any
code word by adding binary 1 to its
previous code word as shown in the
Table 1.10.6.

e In excess-3 code we get 9%
complement of a number by just
complementing each bit. Due to this
excess-3 code is called
self-complementing
reflective code.

code or

0j1{1]0)1{o}1

0

Table 1.10.6 Excess-3 code

GTU : Summer.16, Mark 1

BCD
BCD + 3 =XS-3 code

2 (37)40 = (0110 1010) XS - 3
Fig. 1.10.5

Solution :

a) By referring Table 1.10.6.

592, =

9’s complement of 5924 =

Complement of
each other -
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2 . 0.6.
rring Table 1.1
el D Complement of

40349 = each other

¢'s compjement of 40349 =

N

JEEIXEN Excess-3 Addition

excess-3 addition we have to

To perform ' i o
. :dd two excess-3 numbers using binary addition s
Ifcarry = 1 — add3(0011); to the sum of two digits.
. = .
= 0 — subtract3(0011); from the sum.
B k

e .
Solution :

Carry

ﬁ@. Carry
ﬁaﬂnﬂ Excess-3 for 8 -
hi nﬂn Excess-3 for 6
[ [o]1]o]o] Carry=1,hence
[ofo[1]1] Add3

iy

a) 8+6

Excess-3 for 1
Excess-3 for 2 :
Carry =0, hence
Sub 3

Excess-3 for 3

Excess-3 for 14

alalololio
ol |aliis

Result in'c!ecimal | Result in decimal

Excess-3 Subtraction
¢ To perform excess-3 subtraction we have to
= Complement the subtrahend.
= Add complemented subtrahend to minuend.

s Ifcarry =1 Resiﬂt is positive. Add 3 (0 0 1 1), and end-around carry.
If carry =0 Result is negative. Subtract 3 0011),.

i L A

Solution: a)8-5
R 110 1~ Excess-3 for 8

LOi1]1]1 Compl, of 5in ex 3

Carryf1i0j0(1]0
0011 - Add 3
0/1/0(1

1 Add end-around carry

0j1j1]0 — Excess-3 for 3

TECHNICAL PUBLICATIONS™. An up thrust for knowleg,
ige |
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Solution :

a) 16

Excess-3 for 5
Complement of 8 in excess-3

Subtract 3

—_—

+ 29

45

Excess-3 for—3
S

Carry
Excess-3 for 16
Excess-3 for 29

Propagate carry
Carry -

Add 3to correct0101
Subtract 3 to correct 1010

Excess-3 for 45
Result

Carry

Excess-3 for 21 !

Complement of 12 in excess-3

Add 3 and subtract 3

ol|loj=|oi—~

al=lal=le

Examples for Practice

alalalo|olo

Add end-around carry

Excess-3 for 9

l?xample 1.10.25 : Represent decimal number 327 in Excess-3 code. [Ans.

Scanned by CamScanner
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26 What &5 Excess3 aod;IaIfl b;ﬂ;'zm r
*.0010 B, 0110 B and e i

Example 1.10.27 : Represent the decimal M1

Gray Code

e Gray code is a non.welghfed

code and is a special case of
unit-distance code.

e In unitdistance code, Dbit
patterns for two consecutive
numbers differ in only one
bit position. These codes are
also called cyclic codes.

e The Table 1.10.7 shows the
bit patterns assigned for gray

.code from decimal 0 to
decimal 15.

® As shown in the Table 1.10.7
for gray code any two

" adjacent code groups differ

only in one bit position.

" ® Reflective Property : The
gray code is .also called
reflected code. Notice that
the two least significant bits for 41 through 7,9 are the mirror images of those

for 09 through 3yy. Similarly, the three least significant bits for 81y through 151
are the mirror images of those for 019 through 7.

* In general, the n least significant bits for 2 through 2°% 1~ 1 are the mirror
images of those for 0 through 2° - |, )

Application of Gray Code

® Let us consider an application where 3-bit bj i i indi
- Inary code is provided to indicate
position of the rotating disk with the help of brushes, provice .

© When brushes are on the black portion, th " Wher e
. ’ te
portion, they output a 0. ‘ OGP 1 When on, the ¥

wmbers ¢

0101, 1001, 10101

Example 1.10. cole:

Table 1.10.7 Gray code

® Now consider what happens when the brushes are on the 111 sector and almost

) ready to enter the 000 sector.
] : TECHNICAL PUBLICATIONS™. an Up thrust for knowjeqy ‘
. v .

and Logic Families

of Digital

Digital Fundamentals

o If one brush is slightly ahead of the other, say the 3™ brush, then the position is
indicated by a 011 instead of a 111 or 000. This results, a 180° error in the disk
position. : :

Since it is physically impossible to have all the brushes precisely aligned, some .
error will always be present at the edges of the sectors. :
If we use gray code to represent disk position then error due to improper brush
alignment can be reduced. This is because the gray code assures that only one bit
will change each time the decimal number is incremented.,

Rotating
disk

Shaft
3-bit code to represent
the shaft position

—

Brush

(a) Shaft position encoder

Rotating disk

] inicates 0

(b) Binary code
Fig. 1.10.6 Position indication using binary and gray codes .
. Other two bits positions
no possibility of error.
0 66 %. In case of 4-bit

(c) Gray code

A' So in 3-bit code, error may occur due to one bit posiﬁon:
of two adjacent sectors are always same and hence there is
' seqs I t
in 3-bi bability of error i$ reduced up
o Therefore in 3-bit code probability e Biveases et

code it is reduced up to 75 %: This 1s

K e
TECHNICAL PUBLICATIONS - An up thrust for knowledg:
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: 2 Conversion
ETER] Gray to Bina®y . |
version . : is the same as the
Steps for gray to binary f";: ?13123 of the bmarysnurwr;li’; down MSB s it is. Moy
ot m;ufl:d osrt glnfn&&;g of the gray code numbel)'(.cl ;ive-OR-operaﬁon retens
o ; digit, perform 2 Wri the result.
i A bit. Write down alt.
2 '_rotozrjtfen down and the next gray code B asive.ORed wir O i)
= t step 2 until all gray code bits have bee! sivesS ‘
3. Repeat s i

e bit

Example 1.10.28 |{®

fo e

Solution :

’ MSB LSB(Gp)
Graycode: 1 0 1 0
Al A A A v
J/Q J/G) $/® ¢/® ;/G) 4
Binarycode: 1 1 0 0 1 0
(Bo)
- Fig. 1.10.7

(10101 1) =(110010),

n general we can perform gray. code to binary code conversion as shown below : -

B, (MSB) = G, (MSB) _ By = B3®G,
Bn-; =B,®G, 4 © By = B, ®G;,
Bno2 =B, 180G, By = B1®Gy
Solution :
MsB LSB
Graycode: 1 1 0 1
. V4 2 VZ
| Lo
Binary code ; 1 0 0 1
. . . (1101)5"3‘)';(1001)Binary

. Fig. 1.10.8 - .
TECHNICAL PUBLICATIONS™. An up thrust for knowleg
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(R[EXH Binary to Gray Code Conversion
Steps for binary‘to gray code cqnversioﬁ

1. The MSB of the gray code is the same -as the MSB

of the binary number. So writ
down MSB as it is. write

2. To obtain the next gray digit, perform ‘an exclusiv
and current binary bit. Write down the result.

3. Repeat step 2 until all binary bits have been exclusive-ORed with their
ones. |

Example 1.10.30 |

e-OR-operation between previous

Pprevious

Solution :

MSB i.sB(éU)

Binary code : -@»3—@»1-@-»1—@-»4—@-»0—@*1—@-1
{
1 1

bt

0o 0 1 1 0
(G

Gray code :

Fig. 1.10.9
(10111011); = (11100110)py

In general we can perform binary code to gray code conversion as shown below :

Gn(MSB) = B, (MSB) : G, = B3®B,
Gp1 = G, =B,8B,
Gpog = Go = B1®By

(46)19 = (101110),
Binarycode: 1—-@+0-@>1-@>1-@>1-@>0

oo

Gray code; 1 1 1 0

i GTU: Summer-‘l“&, Marks
Bt

(46)1p = (111001)Gray

Example:1.10.32

Solution :(96)1g = (1100000),

1—@-1—@ ®

: 0
Voo
(96)19 = (1010000)Gray = (1100 100Dy -3

® 0__@_, 0 .—@—» 0 Binary code

R

o 0

0 Gray code

bt TECl;fNICAL PUBLICATIONS™- An up thrust for knowlsdge
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Example for Practice

Example 1.10.33 : Represent

. Alphanumeric Codes -

Fundamentals of Digital Systems and Logic Families

and alphabetic characters are calleg

ers
« The codes which consists of both numb
e codes : American St
3 alphanumeric ¢ 1y wsed alphan umeric codes aré : ASCII ( andarg
o The most commo:

BCDIC (Extended Binary Coded Decimy

" Code for Information Interchange) and E ' T
Interchange Code). ' Table 1.10.9 American standard cods for Inf inforohang
e These codes consists of symbols to represent - ) Definition of control abbreviations :
» 26 alphabets with capital and small letters. : ‘ ACK Acknowledge : B Foimn separator
» Numbers from 0 to 9. , ' _ BEL Bell D@ Group separsior
» Punctuation marks and other symkob : BS Backspace . * HT " Horizontal tab
ASCll ) CAN Cancel LF. Line feed
e ASCII code is a seven-bit code in which the decimal digits are represented by the CR * Carriage return NAK Negaﬁ‘}e acknowledge
BCD code preceded by 011.  ~ DC;-DC;  Direct control ) NUL Null
e Since it is a 7-bit code, it represent 27 =128 symbols. ) DEL Delete idle : ' RS- . Record separator
e The letter of the alphabet and other symbols and instructions are represented by DLE Data link escape St Shift in
other code combination as shown in Table 1.10.9. For example, ASCII code for EM End of medium . so  Shift out
N=(@#Ey = (1001110),. ' ! ENQ Enquiry - SOH  Start of heading
T ‘ EOT End of transmission STX Start text
ESC Escape . suB Substitute *
ETB End of transmission block = SYN 'Synchronous idle
ETX  End tet Us Unit separator

FF Form feed VT Vertical tab

Solution :
45, 4C, 45, 43, 54, 52, 4F, 4E, 49, 43, 53 i.e,
1000101, 1001100 1000101 1000011 1010100 1010010
1001111 1001110 1001001 1000011 1010011

X INICAL PUBLICATIONS™ . An up thrust for knowledge
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Example 1.10,35

S 4F, 41, 52,59 i€y o0l

Solution :42, 49, 4k, 1010010 1011 = o
1000010 1001001 1001110 100000\\\\ \\\\\S\k\f‘iz\\?&d
& NN \ \§\\\\\\\\\\‘\§>\

» acter, 5 TEPTESIIEE o , to prin

dy!d;scﬂ code is a 7-bit code. Therefore,
Solution :. % \
132x7 = 924 bits. \&\F\\E}!\

RTX4 How many. \
A e o e ,
Ass!mﬂ:_'b,.iflmm—— e o= 20\; (7+1)=160 bits. Bits required for. Storing

So ce reserved for one name =

Solution :Spa ;
100 names = 160x 100= 16000 bits.

Examples for Practice

; the following binary 1
1.10.38 : Find gray codes for
Exawph j) 11001100 i) 01011110

binary number 1100 B, 0111 B and
il be fhe 8709 ey Y [Ans. : 1010, 0100, 1011]

ISR -

mbers :
[Ans. : i) 10101010 ii) 01110001)

Example 1.10.39 : What

1101 B ?

1. Gioe classification of codes.

2. Define code. List various codes.

3. What is meant by weighted and non-weighted coding ?

4. Define reflective and sequential codes 7.

5. Write a note on BCD code.

6. What are the rules for BCD addition ? Illustrate with the help of example.

7. Explain the steps for BCD subtraction using 9's complement method.

8. Explain the steps for BCD subtraction using 10's complement method.

9. What is gray code ? What is the advantage of gray codes over the binary number sequence ?

10. Show that the excess-3 code is self-complementing.

11. Write a note on excess-3 code. . .

12. Write a brief note on gray codes. Also discuss methods for conversion from gray to binary code and
vice versa. GTU ;. May-14, Marks 7

13. State the application of gray code.

14. Explain ASCII code with the help of example.

15. What is self complementing code? Represent (472)y9 in 2421 self

\

TECHA(/CAL PUBLICATIONS™- An up thrust for knowledge

complementing code. I

Digital Fundamentals

Im Parity Bit

of Digital Systems and Logic Families

Error Detecting and Correcting Codes

e When the digital information in the binary form is transmitted from one circuit or
system to another circuit or system an error may occur. This means a signal
corresponding to 0 may change to 1 or vice-versa due to Ppresence of noise. To
maintain the data integrity between transmitter and receiver, extra bit or more
than one bit are added in the data. These extra bits allow the detection and some
times correction of error in the data. The data along with the extra bit/bits forms
the code. Codes which allow only error detection are called error detecting codes
and codes which allow error detectiori and correction are called error detecting
and correcting codes.

e A parity bit is used for the purpose of detecting errors during transmission of
binary information. A parity bit is an extra bit included with a binary message to
make the number of 1s either odd or even. The message, including the parity bit
is transmitted and then checked at the receiving end for errors. An error is
detected if the checked parity does not correspond with the one transmitted. The
circuit that generates the parity bit in the transmitter is called a parity generator
and the circuit that checks the parity in the receiver is called a parity checker.

In even parity the added parity bit will make the total number of 1s an even
amount. In odd parity the added parity bit will make the total number of 1s an

odd amount.

Table 1.11.1 Message with even and odd parity

‘fECHNICAL PUBLICATIONS™ An up thrust for knowledge
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0111001. This re

gy o e decimal digit 9 5
EBEBS S 1 code for the decm T8 iy ag shown.
Solution : The. o i ant place t0.58
addition of a 0 in the S‘l““i —)00111001 \
A Ny \5\}}\§“
T \
e osTHoM \\\ "
i oSt 3 e ;
Solution : The 7-bit ASCII c(?de forltlc\: m};i o
2ddition of a 1 in the most significant P12

1100 0001

Added parity bit = 0.0 o
At the receiving end, message with parity bit is received.

parity. When parity error is detected, receiver re

Every time it is checked for

quests for transmitter to re-transmit thy

message. —

Example 1.11.3 - rect %Q::?

e TSNS . -

5% not if odd parity is used. g .

Eianokifodd parity 5.5 de is not received correctly.

Solution : The received code has even parity hence the

More about parity error detection : th

general in a digital system where
sho?t,s i: may be a:stﬂxeml:d thatgtlhe pr};abﬂity of a single-bit error is small and that of a
double-bit error and higher order errors is extremely small. The parity error detection
system just described detects any odd number of errors. However, it cannot detect an
even number of error because such errors will not destroy the parity of the transmitted
group of bits.

(AkW3 Hamming Code

¢ Hamming code not only provides the detection of a bit error, but also identifies
“which bit is in error so that it can be corrected. Thus Hamming code is called
error detecting and correcting code. The code uses a number of parity bits
(dependent on the number of information bits) located at certain positions in the
code group. Follows sections describe how Hamming code can be constructed for
single error correction.

Number of Parity Bits

' As mentioned earlier, number of parity bits depend on the number of informatiot
b.xis. If the number of information bits is designed x, then the number of paily
bits, P is determined by the following relaﬁonship :

P> x+P+1 A (i)

e transmission system is relatively

g )
TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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For example, if we have four information bit, i.e. x = 4, then P is found by trial and
error using equation 1. Let P = 2. Then ) r

2= 2=y
ad x+P+1 = 44241=7 .
« Since 2F must be equal to or greater than x + P + 1, the relationship in equation
(1.9.1) is not satisfied. Hence we have to try with next value of P. Let P = 3.
Then P = 2%-g . e
and x+P+1 =4+3+1=8 .
o This value of P satisfies the relationship given is equation (1.9.1); and therefore we
can say that three parity bits are required to provide single error correction for
four information bits. )

" Locations of the Parity Bits in the Code

o Now we know that how to calculate the number of parity bifs'required to provide
single error correction for given number of information bits. In our example we
have four information bits and three parity bits. Therefore, the code is of seven
bits. The right-most bit is designated bit 1, the next bit is bit'2, and so on, as
shown below : : )
Bit 7, Bit 6, Bit 5, Bit 4, Bit 3, Bit 2, Bit 1
The parity bits are located in the positions that are numbered corresponding to
ascending powers of two (1, 2, 4, 8 ...). Therefore, for 7. - bit code, locations for
parity bits and information bit are as shown below : e
D;, D¢, Ds, Py, D3, Py, Py '

where symbol P, designates a particular parity bit, D, designates a particular
information bit, and n is the location number. :

Assigning Values to Parity Bits ]
¢ Now we know the format of the code. Let us see how to determine 1 or 0 value
to each parity bit. In Hamming code, each parity bit provides a check on certain
other bits in the total code, therefore, we must know the value of these others in
order to assign the parity bit value. To do this, we must write the binary number

for each decimal location number as shown in the third row of Table 1.9.2.

Scanned by CamScanner
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Fundam®

3

r @ SR :
T: ;I 1 1.1 2‘BR position table for a seven bit erro
able 1.11.

¢ correcting code

inary location number of parj
ght-most digit. This parity bit checks all .bit 10Caﬁ°ns,
3 e location in the binary location numberg,
7, and assigns Py accor ding
it assigns Py such that b

Assignment of Py
« Looking at the .
bitPIhasalforitsn

. . Iﬂ-.athavelsinthesam
including itself, checks bit locations 1, 3, 5 and

, paril bit Pl )
e a il For even parity Hamming oile}

to even or odd parity- .
Jocations 1, 3,5, and 7 will have even parity.

Table 1.11.2 we-can see that the b

Assignment of P, :

" Looking at the Table 111
bit P, has a 1 for its middle bit. This
itself, that have 1s in the middle bit. Therefore,
3, 6 and 7 and assigns P, according to even or odd parity.

9 we can see that the binary location number of parity
parity bit checks all bit locations, including

parity bit Py checks bit locations 2,

Assignment of Py :

e Looking at the Table 1.11.2 we can see that the binary location number of parity |

bit P, has a 1 for its leftmost digit. This parity bit checks all bit locations,
including itself, that have 1s in the left-most bit. Therefore, parity bit P, checks bit
locations 4, 5, 6 and 7 and assigns P according to even and odd parity.

[Example 1.11. SR TR ST

Solution :
Step 1 : Find the number of parity bits required. Let P = 3, then
' F=P-s :
x+P+1 =4+3+1=8
Three parity bits are sufficient.
Total code bits =4 +3 =7

"Step 2 : Construct a bit location table I

TECHNICAL PUBLY z
ICATIONS™- An up thrust for knowledge
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Step 3 : Determine the parity bits

For P, : Bit locatipns 3, 5 and 7 have three 1s and therefore to have an even parify
P, must be 1.

For P, : Bit locations 3, 6 and 7 have two 1s and therefore to have an even parity
P, must be 0. .

For P, : Bit locations 5, 6 and 7 two 1s and therefore to have an even parity P,
must be 0. ’ . *

Step 4 : Enter the parity bits into the table to form a seven bit Hamming

code=1010101

Step 1 : Find the number ‘of parity bits required. Let P = 3.
Then 2P = B3 '
x+P+1 =5+3+1=9
This will not work. Try P = 4. Then
2P =216
Xx+P+1 =5+4+1=10
Equation (1.9.1) is satisfied and hence four bits are sufficient.
~Total code bit = 5+4=9 , '

TECHNICAL PUBLICATIONS™~ An up thrust for knowledge
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Step 3 : Determine the Parity Bis 15 and therefore to have odd parity 3
. . 57 and 9 have three .

For P, : Bit locations 3,5

—— two 1s and therefore t0 have an odd parity Pz
For P, : Bit lomﬁonsv 3, 6, 7 have ’ ‘ ‘
must be 1. and therefore to have an odd parity P{

i wo 1s
For P, : Bit locations 5, 6 and 7 have tW!

must be 1. : :

0 to have an odd parity,
For Py : Bit Py checks bit locations g and 9 and must be . parity
Stop4: Enter the parity bits into the table © form a nine bit Hammip,
code =100111110. :

Detecting and Correcting an Error -

e In'the last section we have seen how fo cons
number of information bits. Now we will see how to use it to locate and correqt
an error. To do this, each parity bit, along with its corresponding group of bits
must be checked for proper parity. The correct result of individual parity check js

- marked by 0 whereas wrong result is marked by 1. After alI parity checks, binary
word is formed taking resulting bit for P; as LSB. This word gives bit location
where error has occurred. If word has all bits 0 then there is no error in the

truct Hamming code for givep

Solution :

Step 1 : Com@d the bit location table.

Check for parity bits
For P : P, checks locations 1, 3, 5, anq 7.
There is one 1 in the group, -

Step 2 ;

TECHNICAL PUBLICATIONS™
. IONS™. An up thru:
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Parity checks for even parity is WIONg ... - 1 (LSB)

For P, : P, checks locations 2, 3, 6 and 7.
There are two As in the group

Parity check for even parity is correct ................. -0
For P, : P, checks locéﬁons 4,5,6 and 7.
There are one 1 in the group

...................... -1

Parity check for even parity is wrong
The resultant word is 1 0 1. This says that the bit in the number 5 location is in error.
It is 0 and should be a 1. Therefore, the correct code is 0 1 1 0011, which agrees with

the transmitted code.

Step 2 : Check for parity bits :
For P, :" P; checks locations 1, 3, 5, 7 and 9.

There are four 1s in the group
_ Parity check for odd parity is Wrong .o -
For P, : P, checks locations 2, 3, 6-and 7.
'fhere are three 1s in the group
- Parity check for odd parity is correct s v
For Py : P, checks locations 4, 5, 6 and 7.
There are three 1s in the group'
Parity check for odd parity is correct -
For Py : Py checks locations 8 and 9.
There is one 1 in the group

Parity check for odd parity is correct
TECHNICAL PUBLICATIONS"~ An up thrust for knowledge
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t in
i atthe B0 g 1100,
rdisOOol-mssaysmectcodelslol1
The resulfa-“; V;Olﬂd be 0. Therefore: the coIT!
error. It is 1 and sho :

Digital Fundamentals

N I
tion

rror Detec

EEEEA single Error Correction Plus pouble E tection and correcti
: " ed above provides for the dete o, on of

. ined al . ble to oI
A hamming codr‘eN a:h ex}::gt . o fcation, it i5 possible ;Me ity bit i adi:;ge
o ith a . e

orly a single ero” d double-error hih &5 ity bits) contains an 3
for single-error correction an : de (including all parity evey
the hamming code to ensure hamsming - sed in determining the values of the ofhe,
number of 1's. The added parity bit is not u or correction an d double e

parity bits. The resulting hamming code enables single err
detection. )

When overall parity bit i correct,
the code. If overall parity bit is incorrec

single error during the transmission of
t, then there is single error and the bit position
of the error can be indicated by binary number formed aftf-:r ch.ec.king thet Pagz_bits-
Hence, single error correction can be achieved. If overall parity bit is correct and binary

number formed after checking the parity bits is other than 0-0-0, there are two errors. In
this case, double error detection is achieved. However, no correction is possible.

Examples for Practice

Example 1.11.8 : Construct hamming codes for the decimal numbers 1, 4, 8.
[Ans. : Considering odd parity 1 : 0001106, 4 : 0100001, 8 : 1000000]

there is no

Example 1.11.9 1  Generate the even parity Hamming codes for following binary data.
a)1101 b)1001 [Ans.:2)1100110 b)1001100

Example 1.11.10 : A seven bit Hamming code is received as 1111 1 0 1. What is the
correct code ? . [Ans.:1111111]

Example 1.11.11 : Generate Hamming code for the following binary data. i) 1101 i) 1001

Example 1.11.12 : Determine whether single error has oécurred and if so correct the error

using Hamming code for 1100010, [Ans. : Corrected code = 11001101 |
|
i =

1. What is parity bit ? Explain its use,
2. Explain the 7 bit hamming code. .
3. Explain the procedure of enerating hamming code from the infbmtion :

Digital Fundamentals . 1‘_ 73 F

Q.1 Which system is used in digital computers because all electrical and

[Ans. : i) 1100110 ii) 10011001

of Digital Sy and Logic Families

5. Explain error detéction and correction.
6, What is hamming code ? How is the hamming code word tested and corrected ?

electronic circuits can be made to respond to the states concept ?

Ans. : Binary number.

Q.2 Which numbers are used to represent d 1 bers in comp ?
Ans. : BCD numbers.
Q.3 Which number system uses binary numbers in most compressed form ?

Ans. : Hexadecimal numbers.

Q4 In which numeral every position has a value 2 times the value of the
" position to its right ? ’ .

Ans. : Binary.

Q.5 Which number system has a base of 16 ?

Ans. : Hexadecimal number system. )

Q.6  What is meant by weighted and non-weighted coding ?

Ans. : Weighted codes : In weighted codes, each digit position of the number
represents a specific weight. For example, in decimal code, if number is 567 then weight
of 5 is 100, weight of 6 is 10 and weight of 7 is 1. In weighted binary codes each digit ;

has a weight 8, 4, 2 or 1. » lx

The codes 8421, 2421 and 5211 are all weighted codes. (Refer Tables 1.10.1, 1103 and |

1.105) _ : _ ‘|

Non-weighted codes : Non-weightéd codes are not assigned with any weight to eac}'é_z
digit position, i.e., each digit position -within the number is not assigned ﬁxed.vah'xeg
Excess-3 and gray codes are the non-weighted codes.

Q7 In which type of codes the positional weights are not assigned ?

4. Explai 8 . :
*plain how Hamming code is useful for correcting and detecting the errors using an example
an -

TECHNIC,{L PUELICAT/ONS"'- An up thrust for knowledae

Ans. : Non-weighted code.

' ooo
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g

Digital Fundamentals

Logic Gates
o The three primilive

Jogic functions are 1€
as basic gates : AND gate,
functions We
NAND gate,

ived logic functions and heng

known
EX-OR gate and EX'NOR

o From these primitive logic
derived logic gates. There are
gate.

" NOT gate (Inverter) : The output is 2 comP_lf,"_‘_ef‘Lf?f,,

“Logic Diagram (Symbol) Switch Equivalent |

Input Output |
Switch open (Low) - Lamp ON (High) "]
Switch close (High) = Lamp OFF (Low)

7

Application : -
Used to complement (invert)
digital signal. .

TECHNICAL PUBLI
Cl IBLICATI - p
ONS™- An up thrust for knowledge
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Digital Fundamentals _ 2.5
Logic Gates and Boolean Algebra

et

tput is high when all the inpu

/ Edoléah Expression Truth Table

Y-A+B 3 S
in Di - Input m

| s |

JEEOOEORaE R

e output is high only when odd number of x’npdS are

- Truth Table
£t ""“"“"”‘”‘T ) Fig. 211
Input Output ’

& ——

Note : EX-OR and EX-NOR gates are also known as mutually exclusive gates.

m Positive and Negative Logic

o The binary logic used in the digital systems assumes only two values, either HIGH
used to denote these two values.

or LOW. The HIGH and LOW voltage levels are

TECHNICAL PUBLICATIONS = An up thrust for knowledge
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Logic Gates and Boolean Alasb,, ;

be Considere_d to represent

al variables @7 or the two logic sty
< |,

of a sign system
viz slta:ili 0 of the binary wmber £
FALSE in logic operatior™
represent tW0

The two levels oF
two numerals, Vi
viz. TRUE and
voltage levels used 0

logic states are also called logic le‘_’els_
Ogl P
the two binary digits, 1 and 0.

Two t
epresen
Jevels rep! a1 and the lower voltage representg 3

. i Jtage
In binary logic, tWo Vol
the higher of the two voltages rep.resents

(I)f th: system is called a positive 108i¢ system. 1

; igher vO!
If the lower voltage represents a 1 and the hig
a negative logic system.
: assume that we have po
be defined as :

tage represents a 0, We hay,

sitive 5 V and 0V as logic-level voltages

o As an example, ;
o Then positive and negative logic can
Positive Logic : HIGH=1 (ie. +5 V)

LOW =0 (ie. 0'V)
Negative Logic : HIGH =0 (ie. +5 V)
LOW =1 (ie. 0 V)
e Both positive and negative logic are used in
digital systems, but positive logic is the

more common.

5 8 : Undefined
¢ In practice, the voltages at different nodes in  jogic level
the digital circuit may differ slightly due to
internal resistances, parasitic effects and .

loading effects. Therefore, to define a logic
level, a range of voltage is assigned instead
of a particular voltage level. This is
illustrated in Fig. 2.1.2.

Review Question

L

IEZA Boolean Algebra

Fig. 2.1.2 Voltage range for positive
logic system

1. Draw the logic symbol, expression and truth table for following logic gates :
L AND 2. OR 3. NOT 4.NAND 5.NOR 6. EX-OR 7. EX-NOR

.

-12, 13, May-13, 14, Summer-15;:16, 17,718,
Winter-14,.16, 18
‘.- Boolean algebra is 'a mathematical system that defines a series of logical operation®
. (AND, OR, NOT) performed on sets of variables (@ b, ¢, ...). When stated in this
form, the expression is called a Boolean equation or swit’chin'g equation ’

GTU : Dec.

TECHNI 2
CAL PUBLICATIONS™. An up thrust for knowledge
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* Logic Gates and Boolean Algebra

[EEX1 Boolean Algebra Terminology

variable : Th.e symbol whichbrepresent an arbitrary elements of an Boolean aléébra is
known as variable. 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 a1 or 0 value; however its

value depends on the value of Boolean expression.

Constant Th In expl:iession Y.= A + 1, the first term A is a variable and have value either
a 1or 0. The second term has a fixed value 1. So 1 is a cons
htrscyedy i .tant here. The constant term

Complement : A complement of a variable is represented by a "bar".over the letter. For )
example,_the complement of a variable A will be denoted by A Soif A=1,A =0 and if
A =0, A = 1. Sometimes a prime symbol (’) is used to denote the complement. For
example, the complement of A can be written as A’ '

Literal : Each occurrence of a variable in Boolean function either in a complemented or
an uncomplemented form is called a literal. )

Boolean function : Boolean expressions are constructed by Eonnecting the Boolean
constants and variables with the Boolean operations. These Boolean expressions are also
known as Boolean formulae. k "

¢ We use Boolean expressions to describe Boolean functions.

¢ For example, if the Boolean expression (A + B) C is used to describe the function
f, then Boolean function is written as k '
f(A,B,C) = (A+B)C or f=(A+B)C

[EEER Axiomatic Definitions of Boolean Algebra

* The postulates of a mathematical system form the basic assumption from which it
is possible to deduce the theorems, laws and properties of the system. Boolean
algebra is formulated by a defined set of elements, together with two binary
operators, + and -, provided that the given postulates are satisfied.

Closure Property
* Closure (a) : Closure with respect to the operator + : When two binary elemenis are
operated by operator + the result is a unique binary element. " - i
* Closure (b) : Closure with respect to the operator - (dot) : When two binary _elements )
are operated by operator - (dot), the result is a unique binary element.
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LA-1=1-A=A
jgrated by 14
Identity Property th respect t0 -+ 45
o An identity element Wi A
- =P
1 ﬂ A A
A
— p) OR identity
a) AND iden

R functions
2.2.1 Identity elements for the AND and O
Fig.

. Commutative Property
o Commutative with respect to

o Commutative with respect to -

Distributive Property
o_ Distributive property of - over +: A-
. Djsuibuﬁvepropmyof+over~:A+

A A-(B+C)
B =
c (B+C)

a) Distributive property of - over

+;A+B=B+A
:A.B=B-A

B+0O=0A-B+@A-0
B-0=@A+B)-(A+0

A (A-B) )

B - (A-B)+(A.C)
A .

c (A-C)

+ ’ .

A- A+(B-C) A (A+B)
B = ° (A+B)-(A+0)
c A
c ;
b) Distributive property of + over - .
“* .
Fig. 2.2.2 Distributive property e -

Associative Property
® Associative property of +: A+ (B+ C) = (A + B) + C
* Associative property of ¢: (A-B)-C=A.(B.(C)
-Complement Property
¢ For every binary element
A=1 A=0
* Complementary property of » : A-A=( .
¢ Complementary property of + : A+A =1

TECHNICAL PUBLICATIONS™. An up thryst for knowled
ledge
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Logic Gates and Boolean Algebra
A
= B (A+B)+C

4 . -C

&

. a) Assoclative property of +
A i A
B =B - A-(B-C)
: woe D

b) Associative property of «
Fig. 2.2.3 Associative property

|dempotency Property

o Idempotency refers to the property of sameness : A+ A=A or A-A = A

e Any variable ANDed or ORed with itself results in the original variable.
Absorption Property : :

e We know that, in OR function if any one input is logic 1, output is logic 1.

Therefore, we have an important relationship: A +1=1

e Using this relationships we can derive two absorption properties as follows :
1. A+AB = A(1+ B) ) .. Distributive property -
= A ) ) v1+B=1
2A(A+B) = AA+AB : ... Distributive property
= A+ AB ... Idempotency property
AA+B) = A ... Absorption property

Involution Property
 Double inversion of any variable results in the original variable
A=A

Basic Theorems and Properties of Boolean Algebra

o From the above discussion we can summarize the postulates
Boolean algebra as shown in Table 2.2.1.

and theorems of

<
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Theorems
. Theorem 1 (Idempotency)
: (Idempotency)

Theorem 3 (Involution)

Theorem 4 (Absorption)

\\Theorem 5

l ,;"I'hieorem 6‘(‘Assodnﬂve) sA(B ;
Table 2.2.1 Postulates and baslc theorems of Bool g At e
Brovi it A+ AB=A+B GTU : Winter:

CXRIIEER) prove tat A+ AB=A+5 ‘

A+AB = A+AB+AB’ by Theorem : 4(a)

A (BC) = (AB)

an algebra

Solution :
=A+B-(A+A) by Postulate : 4(a)
=A+B-1 :5@) |
: : 2(b)

GTU : Winter:18; Marks 2 |

Solution : = (A: + XB) -(A+B) By Theorem : 4(a)
= AA + AB + ABB by Postulate : 4(a)
= AB+ ABB : 5(b)
= AB+AB : 2(b)

.= AB -
A ' DeMorgan's Theorems

* DeMorgan suggested two theorems that form

by Theorem : 1(a)

' - an important part of Boolean algebra. In the
equation form, they are : 1, AB = A+B
2A+B=A-B.

LAB=A+B : The complement of a product is
r‘equal to the sum of the complements. This js
illustrated by truth Table 2.2,2,

. ) able 2.2.2 Truth table

TECHNICAL PUBLICATIONS™. An'up thrust for knowledge
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2.A+B=AB : The complement of a sum is
equal to the product of ' the complements. The
truth Table 2.1.3 illustrates this law.

EEH Principle of Duality

¢ The principle of duality theorem says that,
starting with a Boolean relation, you can
derive another Boolean relation by

1. Changing each OR sign to an AND sign
2. Changing each AND sign to an OR sign and

3. Complementing any 0 or 1 appearing in the expression.

, i
Table 2.2.3 Truth table

For example : Dual of relation A+ A=1is A-A =0

lllustrative Examples
Example 2:2.3

Z

theorem fo simplfy AFBC

Solution : A+BC = A ﬁ
A.B+C)=AB+AC
R
Solution : = BCD(A+1) +BCD + BCD Distributive
= BCD+BCD +BCD Theorem 2(a): [A + 1 = 1]
= BD(C+C) +BCD A Distn_’buﬁve
= BD+BCD Postulate 5(a) : [A + A =1]
= B(D+CD) Distributive
B (D +C) Theorem 5(a) : [A + AB = A + B]

Example 2:2.5

i Z
= AB + AC + AABBC + ABCC Distributive
= AB +AC+ ABCC Postulate 5(b) : [+ A=0]
= AB+AC+ ABC ,Theoreml(b):[A-A:é]_ o
= AB+A+C+ABC DeMorgan's 'Iheorem—lz[AB =A+B
.'= A+B+C+ABC TheogemS(a):[A+AB_=A+B]

= A+ABC+B+C Commutative _ .
- A+BC+B+C Theorem 5(a) : [A + AB = A+
Here B=BC -
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Example 226 i

Example 2.2.7 811773 Wlm

Solution :
y = AB + AC + C + AD + ABC + ABC
= AB(1+C)+AC+C(1+AB)+AD
= AB+AC+C+AD 1+C=1and 1+ AB=1]
= AB+A+C+AD 2w A+AB=A+B
= AB+1+D)+C w1l+A=1
‘= A+cC ' -
= A+C A=7
=A-C
Realization using NAND gates
A A
. G y
T

e - A+BeA B
Solution : A+B+A+B Theorem 5(a) : [A+AB=A+B]
T Theorem 1(2) : [A + A = A ] o

Fig. 2.2.4

Log]c Galres ana soolean Alg

ommutaﬁve _
Theorem 52) 1 [A + 4B = A + j]
postulate 5(2) : [A+A=1]
Theorem 2(2) : [A +1=1]
. R

3

S

7AB DeMorgan's Theorem 1:[AB =X 3

Postulate 5(a) : [A + A - 1
Theorem 2(a) : [A + 1 = 1

D/gltaIFundamEntaIs ©2-13 r Logic Gates and Boolean Algebra
Solution :
j) (C+CD)(C+CD)[AB+AB+A®B]|
=[(C + D) (C + D) [AB + A B + AB + AB] L..A+AB=A+B
=[CC+CD+CD+DD][A (B +B)+A (B +B)]
=[C+CD +CD] [A + A] ' : -;-AK=o.md B+B=1
=[c@1+D+D) : vA+E=1
-C ... Proved : o 1+A=1

ii) ABC + ABC + ABC + ABC

=BC (A + A) + AC (B + B) + AB (C + C)
=BC + AC + AB ’
= AB + AC + BC

Example 2.2.9 |

= AB(1+C+CD+CDE)
= AB : v 1+A=1
2) P+Q+R)(P+Q+RP ' .
= (P-P+P-Q+P-R+P-Q+Q-Q+Q-R+P-R+Q-R+R-RP
= (PQ+PR+PQ+QR+PR+QRP v AA=0
= P.PQ+P-PR+P-PQ+P-QR+P-PR+P-QR
= PQ+PR+PQR+PQR vt ACA=Ac
A-A=0
= PQ(1+R)+PR (1+Q)
= PQ+PR 14A=1 "
Exampie 2210}
Solution : a) xyz+Xy +xyZ _ ‘
T = xy(z+2)+Xy ) : _
= o A+A=1
= Xy+Xy .
= ytx) - ‘ _
Cew A+A=1
=Yy
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b) A¥B)(A +B)

= A-B+A'B
, = BA+A)
B ____

N

- (AB+ABCIAB+AB)
= (AB+ABC)(A(B+A))
= (AB+ABC)A+A-B)
= AB+BO)AU+B)
= (A(B+Q)-A
=0

2) LHS. = ABC+ABC+ABC

: = ABC+BC@A +A)

= ABC+BC
= C(AB+B)
= C(A+B)

i

+ACD+ABC

Solution : . Y= BDi—.X‘BC
Y = BD+AB+ACD
' Y = (B+D)A +B)(A +C+D)
’ (AB+AD+BD)(A +C+D)
ABE+AB§+A@+A5+XE+§EB+§B
ABE+A5(B+E+1)+§5(A_+§+1)
= ABC+AD+BD

n

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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... De Morgan's »theol‘em

A A=

... A-A =0, hence proved

. , Marks 7
... equation of EX-OR

Solution: A®B = AB+AB
According to duality property,
A®B = (A +B)-(A +B) = _ » v (@)
According to complementb property, ‘
A®B = AB+AB
(A +B)-(A +B) ol (i)
From equation (i) and. (i) it is proved that duality of EX-OR is equal to its

complement.

corresponding logi
Solution: A ®B=AB+AB =

G
(AB)-(AB)

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

= AA+AB+AB+BB =AB+A
= A®B .

wl

... Proved

Y=AB+AB

Fig. 2.25

; JONS™ wledge
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; n!er-lﬁ, M.
Example 2.2.15 GTU ark | :

_ =1 we have, L

N\
S e input say B e TG o
Solution : EX-OR gate : A B+A B considering oné input say solution : 1) ABC

A+B+C Demorgan's Theorem for 3 - variables
D)+ K. (1)=A-0+A=A
Y = A-(D+A-()=A-0+

t EX-OR gate can be used a5 ,

Thus by connecting any one input to logic 1.two IpY ABC | A+B+C . Al B | c |A+B+C| A-B-C
NOT gate. - S P - -
’Logi“jD_Y:K = A_DO—K 1 0l o |1 0 0
A -
Fig. 2.2.6 1 0 11]o0 0 0
1 © 0 1 1 0 0
1 1 0 0 0 0
Solution : Ij};.sﬂ‘: (A +C)‘(A +D)(5+C) (B+D) 110 1 1 1 1 V(J 1 0 0
= [AA +AD+AC+CD] [BB+BD+BC+CD] 11110 1 1 11110 0 0
= [A +AD+AC+CD]- [B+BD+BC+CD] i 4 1 0 0 1l 1 0 o
‘= [A(1+D+C)+CD]-[B(1+D+C)+CD] L[I ‘:\-I
= (A+CD)- (B+CD) ] o L‘:Ismh-l
= AB+ACD+BCD+CDCD )
= AB+ACD+BCD+CD

= AB+CD (A +B+1)

. Solution :

AB + BC + AC = AB+ BC(A + A) + AC(B + B)
AB + ABC + ABC + ABC + ABC
AB(1+C) + AC(B+B+B)

— = f - AB+AC S .proved
F = ABC+ABC+ABC+ABC+ABC : ° - .
gy N S | Ry v
) %2 +B+C+AC+BC+ABC+AB+AC+ABC o : . GTU : Winter-18, Marks 4
= A(1+C+BO+B(1+C+A +AC)+T(1+A) Solution : }
= X+§+E;ABC 1. )‘&Z+;yz+x§___;z(§+y)+x§=;<z+xy
B Dhgram : 2 Xy+xz+yz = Xy +Xz+ Yz (x+%) ’ .
| éﬂD’- ' ’ C = xyeet M+>—<yz=xy(1+z)+ﬂ@+y)
Fig. 2.2.7 : : = Xxy+x2z

for knowledge
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GTU : Dec.-13, Mark 1

iteral.
Sl Jement, liteT
leari variable, comp

of Boolean algebm™:

Bool

GTU : Dec.-13, Marks 7

4. State the associative law of Boolean algebr™: J—
5. State and prove DeMorgan’s theorem with help of .

6. Explain the principle of duality with the help
7. State and prove the postulates of Boolean algebra-

. algebra.
8. State and prove idempotent laws Rigant of truth table. Summer-15,.18, Marks 4

9. State De Morgan'’s theorems and prove with the help

Oral Questions and Answers S

X What is a logic gate ? ot b
. : i circui = re input binary
The logic gate is an electronic circuit that has one or mo
ariables but o,ﬂyg:mfzmput, It is called logic gate because of it ability to operate on a
umber of binary inputs to perform a logical function,
of inputs.
Q.2 What are the basic digital logic gates ?
Ans. :  The three basic logic gates are
e AND gate ’
* OR gate
s e NOT gate o
Q.3 Draw the logic symbol and construct the truth table of the following gates :
a) Three input OR gate  b) Three input EX-NOR gate

a) Three input OR gate :

of example.

Ans. :

A .
s—] >—v
C

Fig. 2.1 Three input OR gate

. ’QP‘
Logic Gates and Boolean ,419,,[”a i

pigitel Fundamentals

i.e. its output is a logical function| -

Q.4

a)
b)
]
d)
e)
Qs

Q.6

Q7

Table 2.1 Truth table for three input OR gate ‘

TECHNICAL PUBLICATIONS™- An up thrust for I;nowlsdge

p) Three input EX-NOR gate :

Table 2.2 Truth table for three input EX-NOR

Ans. :

Ans. :

Ans. :

Ans. :

Here, output Y presents the output of

=D

Fig. 2.2 Three input EX-NOR gate

Give the Boolean expression used for following gates
a) AND b) NOR ¢) EX-OR d) OR e¢) NOT o

AND : Y = AB
NOR:Y=A+B
EX-OR:Y=AB+AB=A®B
OR:Y=A+B

NOT:Y=A

Which gate is equal to AND-invert gate ?

NAND gate.
Which gate is equal to OR-invert gate ?

NOR gate. .
Show that a bubbled AND gate works like a NOR gate.

f NOR gate.

™. e
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. |

| number of VariableS iy

Digital Fundamentals

teral ?

Function, the 1%

literals- ]
T+ ACD contains 4 literals.

Q8  What do you mean by li
; Ans. : Definition : In' Boolean e lled
I complemented or uncomplememed form . .5
The function F (A, B, c, D)=
sorption properties of Bo
(A+B)=A
£ Boolean algebra:

l; For example :
} » State two qb
’ Ans.: 1 A+AB=A.andA
‘ Q.10  State the associative law o
l Associative laws are as follows :

: Ans. :
- .tive law of addition) : .
i 1. Law 1 (The associative laWw e reult i the same regardless of the grouping

' " In the Oring of several variables, ' > A
| of the veariablei. For three variables, A ORed with B OR C is the sam 01_{ B
| ORed with C.

H

jie. A+B+0Q=A+B+C

2. Law 2 (The associative law of multiplicatiog) 8 ) .
| It makes no difference in what order the variables are groﬂpéd when "ANDing
several variables. For three variables, A AND B ANDed with C is the same as A

| ANDed with B and C.

(AB) C = A(BC) ) ‘

Q.11 ~ Explain the De Morgan's theorem in Boolean algebra.'

! Ans.: Refer section 2.2.4.

Q.12  Explain the principle of duality with the help of example.

Ans. : The duality theorem.says that, starting with a Boolean relation, you can
derive another Boolean relation by -

1. Changing each OR sign to an AND sign
2. Changing each AND sign to an OR sign and

3.‘Complemenﬁng any 0 to 1 appearing in the expression.

Digital Logic Families

For e)_(ample : A + 0 = A. Using duality theorem, we can say that, A-1=A.

TECHNICAL PUBLICATIONS™. An up thrust for knowledge
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3.3 Transistor-Transistor Logic (TTL) ............ Winter-18, - -----....... Marks 3
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© RTL : Registor Transistor Logic
e DTL : Diode Transistor Logic
_® DCTL : Direct Coupled Transistor Logic
. 12 L : Integrated Injection Logic
© HTL : High Threshold Logic
o TTL : Transistor Transistor Logic

Advantages of digital integrated circuits

1

LN

o«

S

_them are internal to the package.

- The operating speed is higher, which makes them suitable for hlgh'SPeed

- . Digital Logje

i
: Famp,
3-2 ' i
Digital Fundsimentals %

[3.1] Introduction ple devices with the same 10gic levels
tal logic family is a gTOUP © of c¢:>rnPa!1d the logic family, digital loglc fauuhe,
A digi ogu: o
supply voltages. Al ccording to com;;x;
are classified as shown in the Fig.
Classification of 10g1® familes
Unipolar
Blpolar
PMOS NMOS >| T
MOSFET n-channel plemen
prtame MOSFET MOSFET fary
Saturated Un;aturated
I gL
i Emitter Coupled Logic

Fig. 3.1.1 Classification of logic families

ICs pack a lot more circuitry in a small package, so that the overall size of almost
any digital system is reduced.

The cost of ICs is very lgw, which makes them economical to operate.
They have high reliability against failure, so the digital system needs less repair.

Their reduced power consumption makes the digital system more' economical {0
operate.

operations.

The use of ICs reduces the number of external wiring connections because many ¢ of

With the widespread use of ICs,

it becomes necessary to know and understand
elecirical characteristics of the IC by ]

logic families such as TTL and CMOS.

TECHNICAL PUBLICATIONS™. An up thrust for know/e&ge

Digital Fundamentals

Review Questions

Digital Logic Families

1. What is logic family ? List oyt various logic families.
2. What are the advantages of digital integrated circuits ?
m Characteristics of Digital ICs

propagation Delay

GTU : Summer-18, Marks 2

-

GTU : Summer.15, 18, Winter.15, 18

The propagation delay of a gate is basica].l
. y the hme interval betw
of an input pulse and the occurrence of the resulting output pulse, e
o The propagation delay is a very important characts
i
limits the speed at which they can operate. S SRR because .
" e The shorter tl"le Propagation delay,

the high P
vice-versa. gher the speed of the circuit and

o The propagation delay is determined using two basic time intervals :
L tpry : It is the delay time measured when outp

ut is chan, :
logic 1 state (LOW to HIGH). ging from logic 0to

2. tpgr: It is the delay time measured when output is changi ﬁ- &
logic 0 state (HIGH to LOW). P ging from logic 1 to

e When tpy;, and tp y are not equal, the larger value is considered as a ‘propagation
delay time for that logic gate, i.e.

t, = max-(tpry, tpyy)
Power Dissipation

The amount of power that an IC dissipates is determined by the averiée supply
current, Icc, that it draws from the Vg supply. It is the product of Ige and Vge.
* For ICs, the value of . I¢c for a LOW gate output (Iccy) is different from a HIGH
output (Iccy). '
* Average I¢c is determined based on the- 50 % duty cycle operatlon of the gate
(LOW half of the time and HIGH half of the time).

I +1
ICC(avg) = C(,:H 2 Gk

* Average power dissipation as,

PDavg) = Icc(avy X Vee

TECHNICAL PUE_LICATIONS"'- An up thrust for knowledge
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e S — .
4 I
33 . . . ¥ p
¢ =
. Digital Fundamentals ; ;
. [ .
+ : )

LOW loH,

(b)
Fig. 3.21 Currents and voltages in the two logic states

Current and Voltage Parameters

VIH (min) = High-Level Input Voltage : It is the minimum voltage level required for ,
) logical 1 at an input. Any voltage below this level will not be accepted as a HIGH by

the logic circuit.

VIL (max) - Low-Level Input Voltage : It is the maximum voltage level required for 3
logic 0 at an input. Any voltage above this level will not be accepted as a LOW by the

logic circuit.
VoH (min) = High-Level Output Voltage : It is the minimum voltage level at a logic
circuit output in the logical 1 state under defined load conditions.

VoL (maxj~ Low-Level Output Voltage : It is the maximum voltage level at a logic
circuit output in the logical 0 state under defined load conditions.

I~ High-LevaI Input Current : It is the current that flows into an input when 4
specified high-level voltage is applied to that input.

Iy~ Low-Level Input Current : It is the current that flows into an infiut when 2
specified low-level voltage is applied to that input.

Ioy - High-Level.Output Current : It is the current that flows from an output in the
logical 1 state under specified load conditions. . |

ToL- Low-Level Output Current : It is the current that flows from an output in th

logical 0 state under specified load conditions.

jaite! Fundamentals o 3-5 :
Dl Digital Logic Famili
argin and Logic Voltages Levels g. .ogc emifes

Nalsﬂ M

In digital «circuits, the binary 0 anq 1 are
geprese“ted by a pair of Voltage levels, -
Each logic family has a_different Stamiazd,
The Table 3.2.1 shows the voltages used by'
several families.

These are the ideal voltage levels. Byt in Tble 324

practice, it is difficult to get these ideal \éoltages,
Stray electric and’ magnetic field can induce volty
petween logic circuits. These unwanted signals are calloq nuice .

. ed ;
cause the voltage at the input to a logic circuit to d:o;\o]‘,s:I (:nvd ‘;:an somehnTeS
above VL (max), Which could produce unpredictable operation, IH(min) OT Tise
The noise immunity of a logic circuit refers to the circuit's =il : !

. ; : cuit's abil
noise without causing spurious changes in the output ty to tolerate the

. voltage. To avoid this
problem due to noise, voltage level Vit min) is kept at a few fraction of volts below

VoH(min) and voltage level VIL(mx) is kept above VOL(max)l at the design time. This

ges on the connecting wires

is illustrated in Fig. 3.2.2.
As shown in Fig. 3.2.2, Vyy
is the difference: between the

lowest possible HIGH

output, V_OH(min) and the g

minimum  voltage, Vi £
o
>

required for a HIGH input.
This voltage difference, Vyy
is called high-state noise
margin. '
Similarly, we have low-state
noise margin. It is the
voltage difference between the largest possible low output, Vorma and -the
maximum voltage, Vi (s required for a LOW input.

-Fig. 3.2.2 Noise margins

In short we can write as, . ;
NH = Von(min) = Vi miny and

VWL = Vi (max) — VoL(max) p

The noise margin allows the digital circuit fo function properly if noise voltages

. 3¢ within the limits of Vigy and Vi for a particular logic family.

™, e
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Digital Fundamentals

Fan-In and Fan-out . B . of digital ICs interconnecteq

: . . : b
igital system, we ically find many typ !

P ?ofxfl varisoy:s functiontz.p In these situations, the output of a l?glirfﬂ;e may 1,

i ected to the inputs of several other similar gates. The maxl.m _“mbex .

conn 0 P! f a logic gate is decideg

inputs of several gates that "
by the parameter called fan-out. In general, ' 8 © maximy
nimbef of inputs of the same IC family that the géte can drive m::\n;mnmg ity
output levels within the specified limits. For example, a .log1c gate with fan-out 1
" can drive maximum 10 logic inputs from the same family. It depends on Curren
sourcing and sinking capacity of input and output signals of same IC 'farmly,

The fan-in of a digital logic gate refers

to the number of inputs. For example, ay
inverter has a fan-in of 1, a 2-input NOR

gate has a fan-in of 2, a 4input NANp
. gate has a fan-in of 4 and so on. A logic designer has to select l;he fan-in of the
gate to accommodate the number of inputs. At the hmdware 1e\r.el, however, the
fan-in provides information about the intrinsic speed of the gate 1tsel.f. In genera),
' the propagation delay increases with the fan-in. This means that 2-input-NAND
gate is faster than the 4-input NAND if both are from same logic family.
i +
Current Sinking . c% e glasie

e A device output is said to sink
current when current flows from the
power supply, through the load and
through the device output to ground.
This is illustrated in Fig. 3.2.3 (a).

.

Current Sourcing Fig.3.2.3 (a) Current sinking
e A. device output is said to source
current when current flows from the
power supply, out of the device
output and . through the load to
ground. . This is . illustrated in

Fig. 3.2.3 (b).

Speed Power Product (Figure of Merit)
e In general, for any digital IC, it is
* desirable fo have shorter propagation delays (higher speed) and lower values of
power dissipation. There is usually a trade-off between switching speed - an
power dissipation in the design of a logic circuit i.e. speed is gained -at the
expense of increased power dissipation. Therefore, a common means fof
measuring and comparing the overall performance of an IC family is the
Speed-Power Produict (SPP). It is also called Figure of Merit.

o+Vee

/. Device
%mm,j‘zg output
Driving gate

Fig. 3.2.3 (b) Current sourcing

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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on : Given s Vormin

Noise margin =
. »

i 4.0
Golutil vV  and YIH(min) =36V

VgH(m) = ViHmin) =40 V-36V =04V

3.6 mA
= 2mA +3.6 mA

Example 3.2:4 FOI‘ / ta

isspation of & mW. What is its speed. poter pr
Solution : The speed-power product is given as,

oL
X5 =28 mAX5 =14 mW

its s

SPP = Propagation delay x Average power dissipation

Solution ;

i) Noise margin logic 1 ! §
‘V[H(mm) = 2.4 V,- 2 V

Ve

=V OHi(min)

™. knowledge )
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Noise margin logic 0 . ;
V, . =08 V-045 \4
VaL = ViL(ma9) ~ YoL(ma¥) .
i)  Power dissipation = Io(avg) ¥ Vee
| _ oo oo _ g5 ma
Iecvg) = 2 )
Power dissipation =15 mA x5V =75 mW
iii) Propagation delay
‘tp = max(tprH -tpL)
tp = tpry =22 nsec )
1 _ 18,
01_{ tp = S(tpLn +tpHL) = 5(22+15) nsec = 18.5 nsec
Figure of merit = SPP = Delay x Power dissipation = 18.5 nsec X 75 mwatt

= 1387.5 pico joule
,IOH(max) ' _52mA
T 4a0pA

=130

iv) Fan-out =

Review Questions

 List oarious characteristics of digital ICs and explain their significance in brief.
. Define 1) Vop, Vi 2) Vo, Vp 3) Noise margin.

Define fan-out. '

Define fan-in.

What is propagation delay ?

What is noise margin ?

Define current sinking and current sourcing.

. What is speed power product ? List the characteristics of digital ICs.

9. Explain following characteristics of logic families with examples :

i) Figure of merit ii) Fan-out iii) Voltage parameters iv) Speed v) Noise margin.
10. Explain parameter’s of logic families.
11. Explain the current parameters of logic families.
12. Define followings with respect to logic families.
i) Fan in_ ii) Fan out iii) Noise-Margin o) Propogation delay
13. Define fan-out. [ GTU : Winter-15, Mark 1]

14. Explain following terms w.r.t. Digital Logic Family : 1)Fan - in 2) Noise Margin 3) Power

T (max)

=N MR BN N

Dissipation.

TECHNICAL PUBLICATIONS™- An A’lp thrust for knowledge .
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Transistor transistor logic, TTL, is named for ; e U
‘ I}erfonﬂ basic logic operations. The hrseizi vf;:il;dep}:n dence on transistors alone to
: , which is noy
TTL, Was dev.eloped. in 1965 and is rarely used in ::dm B ows g staniard
years, the basic design has been modified to = ay's systems. Through- the

respects and as a consequence, a number of subfamilies have evolved, - '

pighe!
Transistor-Transistqr Logic (TTL)

2-Input TTL NAND Gates

. The Fig. 3.3.1 (a) shows the circuit dxagram of 2-input NAND gate, '
Its input structure consists of mﬁlﬁp o

le-emitter trans X :
consists of totem-pole output. ansistor and output structure

Q, is an NPN transistor having two emitters, one for each input to the gate.

o Although this circuit looks complex, we can simplify its analysis by using the
diode equivalent of the multiple-emitter transistor Q, as shown in Fig. 33.1 ?b)

* ‘ +5V

" Fig. 33 (b) Diode equivalent for Qy

Fig. 3.3.1 (a) Two input TTL NAND gate

* Diodes D, and D, represent the two EB junctions of Q and Dy is the

collector-base (C-B) - junction.
* The input voltages A and.B are either LOW
(ideally + 5 volts). '
* If either A or B or both are low, the correspondin

Q1 is pulled down to approximately 0.7 V. This re
almost zero. Therefore, Q, cuts off. With Q4 open .

(ideally grounded) or HIGH

g diode conducts and the base of

duces the base voltage of Q2 to
Q goes into cut-off and the

. = wiodg’
TECHNICAL PUBLICATIONS --An up thrust for kno
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: : - emitter follower, the Y output j;

' : : . Since Qj acts as an © .

Qj base is pulled HIGH.
HIGH voltage. . ) ”

e :p mdaB both amgl-[[GH, the emitter diode of Q1 are reversed biaseq
) mW::-I tharl off. This causes the collector diode Dy to go into forwayg
condufﬁon. This forces Q, base to go HIGH. In fwm, Qq goes info Satumho“’

producing a low output. ‘
e Table 3.3.1 summarizes all input and output condlons-

2

bl o

Table 3.3.1 Truth table for 2-input NAND gate
o Without diode D; in the circuit, Q3 will conduct slightly when the output is low.
To prevent this, the diode is inserted; its voltage drop keeps the base-emitter
diode of Q5 reverse-biased. In this way, only Q4 conducts when the output is

low.

3-Input TTL NAND Gate

o The Fig. 3.3.2 shows the three input
TTL NAND gate. It is same as that of
two input TTL NAND gate except
that its Q(NPN) transistor has three
emitters instead of two.

o For three input NAND gate if all the
inputs are logic 1 then and then only Ae
output is logic 0; otherwise output is
logic 1. The operation ,is similar to
the 2-input NAND gate.

e The Table 3.3.2 shows the truth table
for 3-input NAND gate.
(See Table 3.3.2 on next page)

Fig. 3.3.2 Three input TTL NAND gate

TECHNICAL PUBLICATIONS™- An 'up thrust for knowledge
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Table 3.3.2 Truth table of 3-input NAND g;u
[EEE] Totem-Pole Output / Active Pull-Up

o Fig. 3.3.3 shows an highlighted output conﬁguraﬁom Transistor Q3 and Q4 form
a totem-pole. Such a configuration is known as active pull-up or totem pole
output. C :

BV

o Output

L—Totem-pole output
. ——
= lo output
Fig. 3.3.3 Two input NAND gate with fotem P

. knowledge
TECHNICAL PUBLICATIONS - An up thrust for
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5and Q4 has specific advantage. Totem-pole
LOW output impedance. Either Q,
transistors used because they produce & !
a:utter follower (HIGH output), of Q4 is s.ahu'ated (LOW output),
acts as_imis onducting, the output impedance is approximately _70 Q ; when Q,
i mr?tid, the output impedance is only 12 Q. Either way, the output impedance
is sal

e The active pull-up formed by Q

is low.
i tate to the other because an
’ t voll can change quickly from one § y
. 51:: °:$ut ca;:%:tance is rapidly charged or discharged through tl:me low output
impzdanoe- Thus the propagation delay is low in totem-pole TTL logic. )
e Fig. 3.3.4 shows static analysis of one gate in a 7400 quad 2-input NAND gate,

including the totem-pole output.

+5V
+5V
Ry 21300
Q3(ON)
A D,

I B Output
— o— o Output high

high Q,

l|l—o

Q4(OFF)

Fig. 3.3.4 Static analysis when output is HIGH

o Diodes D, and D; have been added at the input terminals. These diodes protect
the circuit from large negative transients on input lines. If an input attempts to g0
more than about 1 V negative, the protective diode conducts like a short circuit to
ground.

A =0V and B = +5 V, this makes Q to conduct and Q, to switch off. Since Q2
is like an open switch, no current flows through it. Instead, current flows through
the 1.6 k€ resistor and into the base of Q 3, turning it ON. Q4 remains off because
there is no path through which it can receive base current. : '

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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Fig- 3.3.5. The output current, I; flow,
the HIGH output voltage is given as,
Vo = Vee=Ver(ay - Vp -1 x(130 Q)
where Vp is the forward drop across diode D;, about 0.7\/;
Vce(saty IS the saturation voltage of Q3, about 0.1 V.‘ 7

BV
% )
4kQ 5V
3 .
Q4(0FF) 4 <130Q .

Q4(OFF)
A=+5V o—4 D1 D1
B=+5Vo—] ’

Q,

Q4(ON) =

Fig. 3.3.5 Static analysis when output is LOoW

o We have seen that when both inputs are HIGH Q, is ON and it drives Q4
turning it ON. Note that in this condition the voltage at the base of Q3 equals the
sum of the base-to-emitter drop of Q4 and the Vcg(a) of ta .

VBy = Ve (Qa)+ Vegsan(Q2) 50-7V +01V
08V ‘ :
1t does not allow

¢ Now we can easiiy understand the P
forward-bi

urpose of diode Dy.
thus ensures that Q3

base-emitter junction of Q3 to be ased and thus

remains OFF when Q4 is ON.

Scanned by CamScanner
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Solution : a) When both inputs dmxoywmww’wwtpummcﬂmhh

given as,
= _07-1,(1302
Vos: = Voo~V ~Vp -l X130 @) =5-01-07 1,130 92)
- 42V-1,(1300) =
where the load axrent is,
VOH_VDH

't =3 "t

Substitnting for I; in the equation (1) we get,

Vou 43
Vo = £2V-—2 (1300
b T )

130 Vg
1000

1130 Vg = 4200

Vo + =42

Vou = B = 3716V
b) When both inputs of NAND gzte zre HIGH, the cutput is LOW and it is given as,

Voo = v@(uf} =01V

Input and Output Currents

® We have seen that TTL output stage is 2 totem pole. It consists of tvwo transistors
Q2 and Q4. When Q3 is ON, the output is HIGH and it supplies current Iy to
drive the load Hence Q5 is called a pull-up transistor. When Qg is ON, the
output is low and it draws current from the load to pull the load voltage down.
Hence transistor Q4 is called 2 pull-down transistor.

¢ Since current flows out of the totem pole when the output is HIGH, Q , acts as a

current source to a load. When the output is low, current flows into Q4, and we . |

say that Q4 is a current gink.

¢ Fig 336 shows the output stage of the TTL driver connected to the input stage of
the TTL load. ’

* InFig 336 (a) the driver output is low and Q4 sinks current from the forward
biased base-emitter junction of the input transistor of the load. This current i3
approximately 1.6 mA, and is designated Iy at the output and I at the input.

¢ In Fig, 3,3,6, (b) the driver output is HIGH and Q5 source current to the load. It i
small leakage current supplied to the reverse biased emitter base junction of the

TECHMICAL PUBLICATIONS”- An up thrust for knowlndge

...

ntals
pigtsl U

————
1
I
|
1
|
1
1
|
I
|
|
|
1
I
|
Totempole |
output stage—]

Totem pole
output stage —]

ut Is HIGH

Fig. 3.3.6 (b) Qs acting as a current source when o
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imately 40 pA. This current is desxgnm&(i

i ro: . o
the load. It is :‘E’Pmput By convention current ﬂowmg into ,
and Ipy at the t is negative. Therefore, manufactyy,
d current flowing o T
and I, .

input transistor of
as Ioy at the output
device is positive an Eel ‘
ify negative values for lon
sl.;eufyﬂ ® a TIL output connected 0 the several TIL lﬁlds' When
i 3£3:7 gé: o s necessary to supply load current () o each TTL loag,
output is

i ents.
Q3 must be capable of sourcing the sum of these curr

Totem pole
output stage

In |
|

Fig. 3.3.7 (a) When output is HIGH

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Totem pole
output stage

Iy -

Fig. 3.3.7 (b) When output is LOW
o Fan-out is the maximum number of loads belonging to same family that a logic -
gate can drive, ;
I \
So Fan-out = ———| O (maz)
: I1H(max)

* For standard TTL, Topgax = - 400 hA and Iigay = 40BA-

' Therefore,
- 400 pA|
F o 720 AL g
an-out : 20 M-A

TECHNICAL PUBLICATVONS-- An up thrust for knowledge
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current to the totem pole, so Q my

i load supplies
o When the output is low, each PP i e, ‘fa.n-out is defineg 3

be capable of sinking the sum of these currems :
Tor(ma "

“IL(max) |

Fan-out

= 16 mA and IlL(max)
= -16mA

16 mA _
|-1.6 mA|

o For standard TTL, IoL(max) ’

10

Therefore, F an-out ‘=

e We have seen that fan-out can be determined in two ways. Here, in both cage
fan-out is 10. But if they differ, the actual fan-out is always the smaller of the ty,

computations.
Wired Logic - Open Collector Output

e One problem with totem pole output is that two outputs cannot be tied together.
e See the Fig. 3.3.8, where the totem pole outputs of two separate gates are
~ connected together at point X.

+5V +5V
——— —— ——— —_——-
| 1 | I
1 I | 1
1 I 1. |
I 1 1 I
1 Qg 1 Qg 1
1 v | 1
1 [ | 1
1 ) 1 1 ) |
] S L 1
| T T |
1 I X 1 ’: 1
] Q4A‘: : }Q 1
Totempole | 4B I
output st::;e -l I I b Zﬁt::[?t ggge
of GateA | I 1 I ofGateB

~ Fig. 3.3.8 Totsm-bole outputs tied together can produce harmful current
* Suppose that the output of gate A is high (Q 34 ON and Q4 OFF) and the output

of gate B is low (Q 3 OFF and Qg ON). In this situation transistor Qp acts as ?
load for Qza- o :

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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, Since Q4B is a low resistance

P

load, it draws high current A

around 55 MA. This current
might not damage Qs or
Qs immediately, but over 4
eriod of time can cause
overheating and deterioration -
in performance and eventual
Jevice failure.

some. TTL devices provide
another type of output caue;j
open collector output. The
outputs of two different
gates with open collector
output can be tied together.

+VCC

This is known as wired »— External pull up

" logic. - r _____ R, resistor it
Fig. 339 shows a 2-input 1 ' output
NAND gate with ‘an I In_
open-collector * output ! Q, | Open collector output
climinates  the  pull-up Puldown /ll/ 5
transistor Qg3, D; and R,. tansistr =.
The output is taken from the L 4 o
open collector terminal of Fig. 3.3.10 Open collector output with pull-up resistor
transistor Q4. ) i

Because the collector of Q4 is open, a gate like this will not work properly until
you connect an external pull-up resistor, as shown ﬁﬁg. 3310. -
When Qg is ON, output is low and . when Qy is OFF output is tied to Vee
through an external pull up resistor. :

As mentioned earlier, the open . collector outputs of two or mort?_ gaf_es can be _
connected together, as shown in the Fig. 3311 (@) T}.IE connection is ca]l)leld a
wired-AND and represented schematically by the special AND gate symbol as
shown in Fig. 3.3.11 (b). (See Fig..3.3.11 on next page)

: » ™ Kknowledge
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5V
;Pull-up
S resistor —————1
e ———n
] | 1
l | L Qip |
| Qa| | I
! ! (I
=i --=-==3
o= 1 output : I
1 Qqp
! |
l___—__J
e
|
1 Qqc)

(a) Open collector outputs
connected together

Fig. 3.3.11

Digital Logle Fg, il

+5V

% Pull-up
b: resistor

Wired-AND
'/_ symbol

9—0 Output

. (b) Wired-AND output with special
AND gate symbol

: Comparison between Totem-Pole and Open-Collector Outputs

Table 3.3.3 summarizes the difference between totem-pole and open collector outputs.

o o

Table 3.3.3 Compar!son of totem-pole and open collector output

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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standard TTL Characterlstics .

‘ the characteristi
Lot us 5ee cs of standard TTL family,
itage and temperature range

1. Both the 74 series and 54 serjeg Operate on supply voltage of 5 v
i ks reliabl : .
2, The 74 series wor y over the range 4.75 v ; .
tolerate a supply variation of 45 to 55 v% 10525V, while the 54 series can

5 The 74 secries :eviCES a;: 8uaranteed to work reliably over a temperature range of
0 to 70°C where as series devices can handl iati
_ 55 to +125°C. " e ot

. From the above values we can say that 54 series d

) evices have greater tolerance of
voltage and temperature variations. Hence, these devices are used where it is
necessary to maintain reliable operation over an extreme.range of. conditions: For

example, in military and space application.
+ The only disadvantage of these devices is that they are e,
Voltage levels and noise margin 7

Table 3.34 shows the input and
output logic voltage levels for the
standard 74 series. The minimum and
maximum _ values shown in the
Table 334 are for worst case
conditions ~ of . power  supply,
temperature and loading conditions.

o In the worst case, thére is.
difference of 0.4 V between the - .
driver output voltages and the required load i_npuf voltages. For instance, the
worst-case low values are '

VoLgmaxy = 04 V driver output
ViLmaxy = 0.8 V load input
Similarly, the worst-case high values are
VoH(miny = 24 V driver output
Viminy* = 2 V load input

In either case, the difference is 0.4 V. This difference 15 canedis':":fuging’v“ .
. ) . high state no / v
For TTL, Low state noise margin, Vy and o 1t provides built-in protection

“ual and 04 V. This is illustrated in Fig o vice for induced noise voltages

Table 3.3.4 Voitage levels

against noise, It ensures reliable operation of the de

less than 0.4 V. (See Fig. 3:3.12 on next page)
i TECHNICAL PUBLICATIONS'™ An up st of WM.W
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Vi = Vor(min) = Vir(miny
=24-2 =04V

UnL = Vitmax) = VoL(maxy
=08-04 =04V

Input voltage
ranges

Fig. 3.3.12 TTL logic levels and noise margin

Output voltage
ranges

Power dissipation

A standard TTL gate has an average power dissipation of about 10 mW. It may vary
from this value because of signal levels, tolerances etc.
Propagation delay )

The propagation delay time is the time it takes for the output of a gate to change
after the inputs have changed. The propagation delay time of a TIL gate is
approximately 10 nanoseconds. )

Fan-out

A standard TTL output can typically drive 10 standard TIL inputs. Therefore,

standard TTL has fan-out 10. Y
Table 3.3.5 izes the characteristics of standard TTL (74XX).

Zdissv . 7 0
Table 3.3.5 Standard TTL characteristics

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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w Advantages and Disadvantages of 1, Famij : =

: mily - g
pdvantages of TTL ‘ : .

< d operation. Fastest .
1. High speec oP *.among the satura ; T .
delay time is about 10 ns, ted logic families, The propagation

2. Moderate power dissipation,
. Available in commercial and military vergigns,
L4 vailable for wide range of funétions.

5. Low cost. -
6. Moderate packaging density.

pisadvantages of TTL
+ Hi gher power dissipation than CMOS,
2. Lower noise u—nmumty than CMOS.
3, Less fan-out than CMOS.

EEE Unconnected Inputs

o If any input of TTL gate is left open or unconnected, then the corresponding base
emitter junction of the' input transistor Q; is reversed bias. See Fig. 3.3.13 (a).
Therefore, the open or unconnected input behaves exactly same way as if a
logic1 is applied to that input. Thus, in TTL ICs all the unconnected inputs are
treated as logic 1. However, it is recommended that the unused inputs should be
either connected to some used input or tied to V¢ through pull-up resistor, as
shown in the Fig. 3.3.13 (b).

+Veo

Unused input

This base emitter .

junction is reverse Pull-up
biased resistor
Unconnected A al0
input B B
R
\ connection
(a) Unconnected input (b) Standard

_Fig. 3313,

’ ' for knowledge
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Tri-State TTL Inverter
o The tristate conﬁgﬁraﬁon is'a third type of TTL output configuration.
o It utilizes the high-speed operation of the totem-pole arrangement while Permittin,
outputs to be wired-ANDed (connected together).
e It is called tristate TTL because it allows three possible output stages : HIGy
LOW and high-impedance. :
e Transistor Q3 is ON when output is HIGH and Q4 is ON when output is LOw,

e In the high impedance state both transistors, transistors Q3 and Qg in the
totem-pole arrangement are turned OFF. As a result, the output is open g
floating, it is neither LOW nor HIGH.

» Fig. 3314 shows the simplified circuit for tristate inverter. It has two inpus

"AandE.

Truth table

_ Enable(E)
Fig. 3.3.14 Tristate TTL inverter

¢ A is the normal logic input whereas E is an ENABLE input.
e When ENABLE input is HIGH, the circuit works as a normal inverter. Because

when E'is HIGH, the state of the transistor Q; (either ON or OFF) depends on the.

logic input A.

o When ENABLE input is LOW, regardless of the state of logic input A, the
base-emitter junction of Q is forward biased and as a result it turns ON.

¢ This shunts the current through Ry away from Q, making it OFF.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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is OFF, there ici ’
, AsQ2 18 no sufficient drive forQ4 to cong
. uct

OFF. :
. The LOW at ENABLE inpug gy 0 , 4
current away from the base of (3, maging O;::& diode D, which shunt the
» In this way, when ENABLE input is 1 oy 0 e =
at high impedance state. ansistors are OFF and output is

Transfer charactéristlcs

Vo V)

Logic 1 5

- Transition
band -

Logic 0

0 f1 2\ 3 4 5 Ve ™)
08V - 20V
- (Vin) (Vig)

Fig. 3.3.15 Transfer characteristics of TTL Inverter

* Fig. 3.3.15 shows transfer characteristics of TTL inverter.

* For Vi < Vi, gy (Vi < 0.8 V), the output voltage is High (5 V).
* For Vit (masy < Vin < Vizg (miny the output voltage is undefined.

* For Viy 2 Vigy (i) (Vi 2 20 V), the output voltage is low O V).

BN schotty TTL :

) Ly istors are ON,
With standard TTL, high-speed TTL and low-power TTL wher €08 0 o
li;he}’ are driven into hard saturation. This causes a su.rplusm‘:fs:q;: removed before the
%e. This excess charge carriers in the base region * to remove these carriers,

trang;; . ; .
aSistors is switched from ON to OFF. The time r:: delays orlow switching times.

calleq Storage time, is responsible for high propagati .
. mom .

tfor
TECHNICAL PUBLICATIONS - An tp U
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: . . iR i — totem-pole output support 1piveq 1. T lgital Logic Families
One way to counter this problem is to prevent tl?e .transxst?r froxT\ going into deeP 6. Does AN o stapp wired-logic connecars 3 o N—
saturation when it is turned ON i.e. to restrict the forward bias of its base—to-coueqm 7. Why i i Z.es cannot be conngctey toéether:x by
junction to few tenths of a volt. This can be accomplished by connecting a diode acrogg 8. Dgﬁne w’a'; uAlm:Des "'::@n | Pt open collector logic 7
the base-to-collector junction, as shown in the Fig. 3.3.16 (a). The diode does not allow ¢, 9. Gioe the advantages and disadvantages of opgy, ., it
increase the forward bias voltage at base-to-collector junction above its cut-in voltage. Iy 10, Explain the advantages of open collector byt Stage arrangemens,
other words, it clamps base-to-collector voltage upto its small cut-in voltage. As a resuyjt 11. Draw three input 5?"""“’? TTL NAND gate circuit ang . :
the junction cannot be heavily forward biased and the transistor is kept out of deep 12, Explain the following characteristics of Ty lagicjm,,,'ﬁe:fplam its operation,
saturation. ' i) Power dissipation . i) Noise margin ) Propagation digy
We know that germanium diodes have-less cut-in voltage but they cannot be . 13. Comment on unconnected inputs in TTL, - lay o) Fan out,
fabricated in silicon integrated circuits. The Schottky diode, consisting of a silicon-meta] 14, Draw and explain the operation. of Tri-stase Ty ditoeiter:
.junction with a cut-in voltage of 0.3 to 04 volts is ideal for this purpose, 15. Draw and explain the transfer. characteristios of TTL inpert
Fig. 3.3.16 (b) and (c) show the construction, and Fig.3.3.16 (d) and (e) show‘ Schottky 16, Draw standard TTL inverter, discuss its operation and draw its frans ;
clamped NPN transistor and its symbol. - 17. Discuss the advantages and disadoantages of TTL Logé euty aqtenshcs. !
; . P : 3 : Winter-18, Marks 3
Another important parameter of Schottky diode is. that it has very little capacitance 18. Write a short note on TTL schottky family, m er-18, Marks 3
and fast recovery time. So it can be switched rapidly without storage time delays. 19. What is the advantage of schottky TTL family. "B .
T - | s - A — "“"-—---W——.._.____.M
- Heavily doped S Logic
Metal N-type silicon m cmo g
Anode o o Cathode m CMOS Inverter
» ' « Fig. 3.4.1 shows the basic CMOS inverter circuit. It consists of two MOSFETs in
(a) Transistor with clamping diode (b) Schottky diode construction series in such a way that the P-channel device has its source connected to + \:Dl;l

(a positive voltage) and the N-channel device has its source connected to ground.
The gates of the two devices are connected together as the common input and the
drains are connected together as the common output. :
: . 1. When input is HIGH, ‘the gate of Qy Wpp=+5V "
Anodeo—DI—o Cathode ’ " (P-channel) is at 0 V relative to the source E i
4 of Q1 ie. V831=0V. Thus, QllSOFF
On the other hand, the gate of
(c) Schottky diode symbol (d) Schottky clamped transistor-  (e) Symbol for Schottky Q3 (N-channel) is at + Vpp relative to its
; clamped transistor source ie. Vg, =+ Vpp. Thus, Qp-is
Fig. 3.3.16 ON. This will produce Voyr =0 Vs &
shown in the Fig. 34.2 (a).

: . . ' . . (See Fig. 3.4.2 on next page). . ineins

. When input is LOW, the gate of Q1

P-channel(Q,)

o Qutput

N

With neat circuit diagram explain the operation of two-input TTL NAND gates. ' N-channel(Q)

2 - ; (P<channel) is at a negative ~potential
2. Draw circuit of TTL with totem-pole output and justify speed of operation is improved. relative to its source while Qp has
3. Prove that TTL gates have a typical fan-out of 10. i vgs = 0 V. Thus, Q; is ON and Qp I8
4. With the help of diagrams explain-the current sinking and current sourcing. actions for TTL gate | OFF. This produces  output voltage : L
" output. - 2Pproximately +Vpp, as shown in e GMOS inverter circult
5. Ezflain the wired logic output of TTL with neat diagram. Fig. 342 (®). ~ Fig. 344
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‘ *+Voo Voo
! a,
———— Q1 e
FN :
: | . i
Input =1 o——4 p—oOutput =0 oyt=00—+4 Output =1 (+Vpp)

o] Q ’ N R

||‘——o

(a) Input = 1 ~(b) Input =0
Fig. 3.4.2 Operation of CMOS inverter for both input conditions

Table 8.5.1 summarizes the operation of CMOS inverter circuit

+Vpp=+5V

p-channel (Q4)

Table 3.4.1 Truth table of inverter
e The Fig. 343 shows, different
symbols used for the p-channel
and n-channel transistors to reflect

Input o——¢

n-channel (Qp)
their logical behaviour.

o The n-channel transistor (Qy) is
switched 'ON' when a HIGH
voltage is applied at the input.

¢ The p-channel transistor (Q1) has
‘the opposité behaviour, it is switched ON when a LOW. voltage is applied at the
input. It is indicated by placing bubble in the symbol.

Transfer Characteristics of CMOS Inverter
. Fig. 3.4.4 shows transfer characteristics of CMOS inverter. (See Fig. 3.4.4 on next

Fig. 3.4.3 The CMOS inverter

page).
o .For CMOS family Vi iy = 35 V and Vi gz = 15 V. ,
e For Viy < Vipmay) (Vin < 1.5 V), the output voltage is high. «

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

' ol undamertet

3 Digital Logic Famllies
o For Vi@a) S Vin < Vi gy the outpyt volta

8€ i5 in the framcir:
+ For Vin = Vit @in) (Vin 35 V), the output yojeaee fransition phase.
Vo), e is low.
o .

Logic 1 5

Logic 0

3 ] 4 s V)
15V 35V
Vin) Vin)

Fig. 3.4.4 Transfer characteristics of CMOS Inverter

EZE1 CMOS NAND Gate :

o Fig. 345 shows CMOS 2-input' NAND gate. It consists of two P-channel
MOSFETs, Q; and Qj, connected in parallel and two N-channel MOSFETs, Q 3
and Q4 connected in series. (See Fig. 3.4.5 on next page)

* Fig. 345 (a) shows the equivalent switching circuit when both inputs are low.
Here, the gates of both P-channel MOSFETs are negative with respect to their
sources, since the sources are connected to + Vpp. Thus, Q; and Q, are both
ON. Since the gate - to - source voltages of Q3 and Q4 (N-channel MOSFETs) are
both 0 V, those MOSFETs are OFF. The output is therefore connected to +Vpp
(HIGH) through Q; and Q, and is disconnected from ground, as shown in the
Fig. 345 (b). S ' _ ”

* Fig. 345 (c) shows the equivalent switching circuit when A =0 mdv" = ‘“_Yfg' !
this case, Q; is on because Vgs; = -VbD and Qg is ON bef,la:is a?SeAO_V. Sizlge.
MOSFETs Q, and Q3 are off because their gatetosoutes VHRES W00 4 5 %

" Qy is ON and Qj is OFF, the output is Comedev the itaation is similar
disconnected from ground. When A = +Vpp and Ef J ﬂl-lmugh Q, and it is
(not shown); the output is connected to * a11Dthen boh inputs are high

disconnected from ground because Q4 i OFF. Fin }XI; and Q3 and Qg are both

(A=B=+Vp), MOSFETs Q; and Q; are 2 Othrough Q; and Qg and it is

QN~ Thus, the output is donnected to the ground

Connected from +Vpp-

pa up thustforknowedd®
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oo
*yo0
A=0V ---@--]Q 1-=-1Q,
|
qQ, .P-channel i
: ' Output
j (igh)
Output |S— .-..\Q;
Q
S Nehamel oy o .-Ra,
Qg N-channel
- (b)A=B=0V -
Vas1 = Vas2 = Voo
Vgs3=Vess =0V
+Yoo
A=0V A= +Vgp--- -1
Output T Output
(high) Lom)
‘QJ Q,
B=+Vgp o, B=+Vop J o,
(YA =0V, B=+Vpp (d)A=B=+Vpp
Yes1 = Voo Vas1=Ves2 =0V
Vesz = Vess =0V Vess = Vose =*+Voo
Vese®*Vop

Fig. 3.4.5 CMOS NAND gate
P-channel MOSFET is ON when its gate voltage is negative with respect to its
source whereas N-channel MOSFET is ON when its gate voltage is positive with
respect to its source. ‘
o The Table 342 summarizes the /
operation of 2-input CMOS NAND |
gate. , 0
¢ The Fig. 346 shows the circuit| 0
diagram, function table and logic
symbol of CMOS 3-input NAND gate. .

Table 3.4.2 Truth table of NAND gate

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Q.
4 Q N
Output (2)

A Q

Q
B

Q,
Co——4 :

Fig. 3.4.6 (a) Circuit diagram

Fig. 3.4.6 (c) Logic symbol

Mwwmw
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CMOS NOR Gate

o Fig. 3.47 shows 2-input CMOS NOR gate. Here, o
are connected in series and N-channel MOSFETs
parallel. o eivs
Like NAND circuit, this circuit can be an:

: input turns ON its corresponding P-chann

corresponding N-channel MOSFET, and vice versa for a' HIGH input. This j
illustrated in Fig. 3.4.7.

+Vpp

+Vop

Q

AOulpul
(high)

Output : I

(b)A=B=0V
Ves1=Ves2 =—Vop
Vesa=Vess =0V

+Vpp

B=+Vpp---

Output
(low)

(d)A=B=+Vp

(©)A=0V,B=4+Vpy
Vas1 ==Vpp Ves1=Ves2=0V
Ves2 = Vgs3 =0V Vess = Vess = +Vpp

Vese=*Vop )
. Fig. 3.4.7 CMOS NOR gate

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

ed by realizing that a LOW a¢
el. MOSFET and turns OFF
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P-channel MOSFETs Q1 angq Q.z
3 and Qg are connecteq i

any
its

pigita! Fundamanta(s e |
e 3.4.3 . Digital Logic Families
" smes the operation of 2+

:;é ‘nput OR gate.

%

Table 3.4.§_Truth table for NORte

CMOS Characteristics
operating Speed :
1. Slower than TTL series.

2. Approximately 25  to
100 ns depending on the
subfamily of CMOS.

3.1t also depends on the
power supply voltage.

Voltage Levels and Noise
Margins : o
L

1. The voltage levels for " -
Table 3.4.4

CMOS varies according to
their subfamilies. These are listed in Table 344. -

2. Noise margins in table are calculated as follows.
VNH = VOH(min) = VIH(min)
Vi = VIL(max) S VOL(max)

Fan-out ;

1. The CMOS inputs have an extremely large esistance P
(102 Q) that draws essentially no current from the sl ::?P:‘::V?:; :':::I
Source. Each CMOS input, however, typically pl'e_sef‘ts a CMOS Inputs
5 PF load to ground as shown in the Fig. 348. This LaEw
Capacitance limits the number of CMOS inputs that one
CMOs output can drive.

mbination of all the
2. The CMOs output has to’charge and discharge the parallel co

fime increases a5 We increase
4

. inpy capacitances. This charging and dischargin

¥ for knowledge
TECHNICAL PUBLICATIONS - An Up thrust

Scanned by CamScanner




Digital
" 3-34 lgital Logic f:am”los

Digital f

each CMOS load increases the driving cireyjp,

number of loads. Typically, CMOS depends on the Permissip)

propagation delay by 3 ns. Thus, fan-out for
maximum propagation delay. " . )
3. Typically, CMOS outputs are limited Eg a fan—out‘of 50 fo; low-t t:j:s;:};lope’aﬁm
(¢ 1 MHz). Of course, for high-frequency operation the fan-ou ave to b,

less.

Power Disslpation (Pp) : . _
‘1. The power dissipation of a CMOS IC is very low as long as it is in a d.c. conditioy,
2. Unfortunately, power dissipation of CMOS IC increases in proportion to fh,
frequency at which the circuits are switching states.

3. For example, a CMOS NAND gate that has Pp =10 nW under d.c. conditions wjy
have P, = 0.1 mW at a frequency of 100 kHz and 1 mW at 1 MHz.

4. When CMOS output switches from LOW to HIGH, a transient charging current has
to be supplied to the load capacitance. Therefore, as the switching frequency
increases, the average current drawn from Vpp also increases, resulting increase in
power dissipation.

Propa.gaﬁon Delay : .

1. The propagation delay in CMOS is the sum of delay due to internal capacitance
and due to load capacitance. .

2. The delay due to internal capacitance is called the intrinsic propagation delay.

3. The delay due to load capacitance can be approximated as follows.

t(C) = 05 R, G seconds
. where £,(Cyp) is either t;13 or typy
R, is the output resistance of the gate and Cy is the total load capacitance.
The R, depends on the supply voltage and it can be approximated as
= Ve ‘
K= 7

08
where I is the short circuit output current.

Unconnected Inputs : )
1. CMOS inputs should never be left disconnected. All CMOS inputs have to be tied
either to a fixed voltage level (0 V or Vpp) or to another input. This rule applies
even to the inputs of extra unconnected logic gates on a chip.

TECHNICAL PUBLICATIONS™- An Up thrust for knowledge
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i unconnected CMOS inpuyt s Susceptible tg

285 s nois .
casily bias both the P anq N-channe] MOSEETs i &T and statje charges that could

in creased power dissipation anq Possible overheatin, € conductive state, resulting in
’ g

st harde Susceptibility (CMOS Hazargs, ;
1. Every CMOS device is vulnerable 1o the ‘buildin,

insulated gate. Recall that the relationship bety, 8 Up of electrical charge on its

capacitor having capacitance C js een’ charge Q ang voltage V on a
-Q i
V=3

Since the input capacitance at the g

relatively small amount of charge can creaf

than the breakdown voltage of a MOS gate (typically 100 v)

. The primary source of charge is “static” electricity, usually
and the motion of various kinds of plastics and texiles,

The CMOS devices are .

wa

[

produced by handllng

4,
protected against this static . *Vpp
charge by on-chip
diode-resistor network, as 150Q 500 i
shown in the Fig. 3.4.9. These "MPutterminal To gate input -

diodes are designed to turn
ON and limit the size of the
input voltage to well below
any damaging value.

Fig. 3.4.9 Typical network used to protect CMOS from -
static charges

Latch-up :

1. CMOS integrated circuits contain parasitic PNP and NPN transistors : Transistors
that exist because of the proximity of P and N materials embedded in the
substrate. Their existence is not intentional but is unavoidable. Because of
CohdUCﬁng paths between a pair of such transistors, a device can be triggered into
a heavy conduction mode, known as latch-up.

2. This heavy conduction mode, results large current flow which can destroy IC.

3 Most CMOS citcuits contain protective measurés to prevent latch-up, but it can stll
Occur if the manufacturers specified maximum ratings are’exceeded.

Wired Logic

. ’ i onnected to . ther.
* Fig. 3410 shows two CMOS inverters with their outputs ¢ o

™, o
TECHNICAL PUBLICATIONS - An up thrust lorlmawfudg
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+Vpp +Vpp

o This circuit does not work

properly when B input is logic 0
and A input is logic 1. In this
situation, Q; and Q, are ON and
large current flows through Qs
and Q, damaging these
transistors. Therefore, wired-logic
must not be used for CMOS logic
circuits.

Open Drain Outputs = =
Fig. 3.4.10

P-channel

Q Qs

Q, Q4
N-channel

e CMOS gates are "available with
open drain outputs, as shown in
Fig. 34.11. .

o. In open drain outputs, PMOS
transistor is replaced by a diode
D; which provides protection
from electrostatic discharge.

o Open drain gates can be used
with external pull-up resistors to
perform wired-AND operation, as

+Vpp

discussed in TTL logic. : L L
Fig. 3.4.11
Advantages and Disadvantages of CMOS Family
Advantages-

1. Consurmes less power.
2. Can be operated at high voltages, resulting in improved noise immunity.
3. Fan-out is more. :
4. Beﬂer noise margin.
Disadvantages .
1. Susceptible to static charge.
2. Switching speed low.
3. Greater propagation delay.

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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+Vop

External
pull-up
resistor

Open-drain
output
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: Digital Logic Families

Revie"" Questions

——uat are saliet features of CMOS logc famly 7
Draw the structure of CMOS inverter gate. Explain its workip, -
praw and explain the transfer characteris, fics of CMOS i w":
Explain with neat diagram two input CMOS NAND gate. ’
Explain with neat diagrnm two input CMOS NOR gate.
Define the following param and give typical valyes
family : i) Speed of operation ii) Power di ipati
iii) Sourcing current iv) Fan out v) Sinking current.
7. Explain, why wired-logic is not used for CMOS logic circuits,
8 What do you mean by open drain output ? Where is it. used ?
9. List differences between open drain and wired logic CMOS.
10. State merits and demerits of CMOS logic family.
11. Explain with a neat diagram interfacing of TTL gate driving CMOS gates and vice-versa.
12. Which parameters are significant while interfacing TTL and CMOS ? Draw and explain TTL
driving CMOS gate. !
13. Compare TTL and CMOS logic families w.r.t. :
i) Power dissfpation per gate ii) Propagation delay iii) Figure of merit iv) Fan-out.
14, List differences between CMOS and TTL.
15. Explain OR gate using CMOS logic. g
[Hints : Connect CMOS inverter at the output of CMOS NOR gate]
Qﬁ. Write a note on CMOS Iogi; family. )

B interfacing of CMOS to TTL and TTL to CMOS

¢ Interfacing means connecting the output(s) of one circuit or system to the input(s)
of another circuit or system that may have different electrical characteristics. When
two circuits have. different electrical characteristics direct connection. cannot be -
made. In such cases driver and load circuits are connected through interface
circuit. Tts function is to take the driver output signal and condition it so that it is
compatible with requirements of the load.
One must consider following important points while interfacing
Systems. . .
1. The driver output must satisfy the voltage
circuit,
_2' The driver and load circuit may require diffe !
the output of both circuit must swing between

R T

o these parameters w.r., CMOS logic

two circuits or
and curtent t requirements of the load -

rent power supplies. In suchcases
s spedﬁed yoltage ranges.

™ Kknowledge 3
TEGHNIGAL PUBLICATIONS ™ 4n up st f

Scanned by CamScanner




r : . P

Digital Loy L mentals : A _
. g 3-38 g gic Fa,,,,”sa pigif al Fundﬂ 39 .
Digital f Digital Logic Femilies
) 3 .terface between totem-pole TTL,

ouf
o :ﬁown in the Fig. 3.5.2. Put and Cvos operating at Vpp, > 5V, as
a load circuit. The two circuits are f, The second alternative is to use Jeye]
characteristics. Theref’ofe: we must cj, 2 granslator circuit, such as the 40704,
and voltage requirements of the Jo,g This is @ CMOS chip that s
designed to take a low-voltage input
(g from TTL) and translate it to
high voltage output for CMos,

: h ircuit Fi CMbS
Fig. 353 shows the circuit Fig.353 Level shifter used as interface circuit
al.,,-,-,_ngement. .

m CMOS Driving TTL

TTL Driving CMOS
e Here, TTL is a driver circuit and CMOst
different families with different electrical

that the driving device can meet the current
device.

> T I et : Before we consider the problem of interfaci

lou ] 04mA -] 4mA. 6 o ] ’ be helpful to review the CMOS outp o

Table 3.5.1 Inputioutput currents for standard devices with supply voltage of 5 v logic states.

e Table 35.1 indicates that the input current values for CMOS are extremely loy
.compared with the output current capabilities of any TTL series. Thus, TTL has no
problem meeting the CMOS input current requirements.

¢ When we compare the TTL output voltages with
the CMOS input voltage requirements we find
- that:

Vou (min) for TTL << Vi (qny for CMOS for these
situations TIL output must be raised to an acceptable
level for CMOS. This can be done by connecting pull-up
resistor at the output of TTL, as shown in the Fig. 3.5.1.
The pull-up resistor causes the TTL output to rise to =
approximately 5 V in the HIGH state, thereby providing Fig. 3.5.1 TTL driving CMOS
an adequate CMOS input voltage level. using external pull-up resistor

g CMOS outputs to TTL inputs, it will
gt and TIL input characteristics for the two

Table 3.5.2
CMOS Driving TTL in the HIGH state :

1. Above voltage parameters show that CMOS outputs can easily supply enough
voltage (Vo) to satisfy the TTL input requirement in the HIGH state (Vig)-

2 The parameters also show that CMOS outputs can supply more than enough
current (Ioy) to meet the TTL input current requirements (Igg). Thus no special
consideration is required for CMOS driving TTL in the HIGH state.

TTL Driving HIGH Voltage CMOS : When output CMOS circuit is operating with Vpp CMos Driving TTL in LOW state :
greater than 5 V, the situation . 3

becomes .more difficult. The outputs +5V
of many TTL devices cannot be 1
‘operated at more than 5V. In such
cases some alternative arrangements

Hov L The parameters in the Table 3.5.2 show
- that CMOs output voltage (V) satisfies
TTL input requirement in the LOW state
VLL). However, the current requirements
" the LOW state are not satisfied.

are made. Two of them are 2 cHos gele
discussed below : - The TTL input has a relatively high input ,
Crrent § : —_— i
1. When the TIL D e «T:;';n s i CM(e)nt in the LOW state (1.6.mA) and 4 _ T ’ |
be pulled up to Vpp, one-can  (Totem-pole output) output) =8 io n tS output current at LOW state (Ior.z » Inputs %
7 J Ot sufficient to drive even one input of s ;
use open collector buffer as an  Fig, 3.5.2 Open collect terface cient to drive ¢ ; driving TTL In LOW state T
p écc:)r'; ll:;:ffar used as inte the . In such situations some type of Fig. 354 CMOSuslng 0 tfor }
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interfac.e circuit is needed between the CMOS and TTL devices. Fig. 3.54 shoy,
the possible interface circuit. ‘ eiacing <

3. In Fig. 3.5.4 the CMOS 4050B, non-inverting buffer is usercih as Zn flil'ls e -I-%Lcumm

It has. an output current rating of Ior. (max) = 3 mA which’ satisfie inpy
current requirement.

HIGH Voltage CMOS Driving TTL : ) )

1. Some IC manufacturers have provided several 74LS TIL devices that can withstang

input voltages as high as 15 V. These devices can be driven directly from CMog

outputs operating at Vpp = 15 V.
2. Most TTL inputs cannot handle
Vpp=15V 15 +5V.+5V
T i
0

more than 7 V and so interface
is necessary if they are to be
driven  from high-voltage
CMOS. In such situations B
voltage level translators are
used. They convert the
high-voltage input to a 5 V
output that can be connected

to TTL.

3. Fig. 3.5.5 shows how the 4050B can be used to perform this level translation
between 15 V and 5 V.

— TTL gate

CMOS gate CMOS buffer
Fig. 3.5.5 Level translation using CMOS buffer

S
tput at LOW state are not satisfied by
TTL input. The TTL input has a relatively high input current in the LOW state (1.6 mA)
and CMOS output current at LOW state (Iy;) is not sufficient to drive even one input of
" the TTL. Hence buffer is used for interfacing.

e
i i o e

Solution : VHC and VHCT CMOS families are TTL compatible.

Review Question

I 1. Explain interfacing of TTL and CMOS logic families. J

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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m comparison between TTL and cpog e e

, sy .
Table 3.6.1 Comparison between TTL and CMOS familles

e
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Oral Questions and Answers

Q.1 What are the types of TTL logic ? i
| Ans.: 1.Open collector output 2. Totem-pole output 3. Tri-s

h
|
i

|

tate output.

List the different versions of TTL.

| @z .
| Ans.: 1 TIL (SdTTL) 2. LTTL (Low Power TIL) 3. HITL (High Speed TTL)
/4. STTL (Schottky TTL) 5. LSTTL (Low power Schottky TTL).

i Q4 What is meant by tristate capability ? :
i Ans.: Tristate capability is the capability of output level to take three stag
evels) as HIGH, LOW and High-impedance. For example, tristate TTL.

Q.5 Explain open collector output.

| Ans.: When the collector
terminal of a transistor is kept
open without any pull up
transistor the arrangement is called
open collector output. The output
is taken directly from the open
collector terminal of a transistor at I
the output. But, a gate with open !
collector will not work properly :
until an external resistor is
iconnected.

When Qy is ON, output is low
and when Qg is OFF, output is
itied to V¢ through an external pull up resistor.

9+Vee

resistor

—
R

Output

Pull down
transistor

TECHNICAL PUBLICATIONS™ An up thrust for knowledge

es (output

External pull up

Open collector output

Fig. 3.1 Open collector output with pull-up resistor

| 2

p[g/ta

/ Fundamentals

a7 How Schottky transistors are formed and state its uge ?

Ans. :
The presence of schottky diode between the base

transistor from going into saturation. The resulting transistor is called Schottkr
transistor. : ]
sacrifice of power dissipation.
Q.8

Ans. :
might produce excessive current and may result in damage to the devices.

Q9
impedance.

Ans. :  Output is disconnected from rest of the circuits by internal circuitry.

Q.10  State advantages and disadvantages of totem-pole output.

Ans.:  Advantages of totem-pole output are :

Digital Logic Families

A Schottky diode is formed by the .combination of metal and semiconductor,
and the collector prevents the

The use of Schottky transistor in TTL decreases the Ppropagation delay without a -
Why totem pole outputs cannot be connected together ?
Totem pole outputs cannot be connected together because such a connection

What happens to output when a tristate circuit is selected for high

1. External pull up resistor is not required 2. Operating speed is high.

" Disadvantages of totem-pole output :

L. Output of two gates cannot be tied together.
Q11 Explain the wired-AND connection.
Ans, - When the o 11 uts of two or more

. pen collector outp! o
“fgethEr, the connection is called a wired AND. In ‘”"e‘: AI:hD y
bigh only when all switches are open i.e. when output ot €

gates can be connected
connection, the output is
tage is high-

4 p thustfor knowec?

s
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| Hence, the output is equivalent to the logical AND operation alithe logte function . :
i 24 K - ’
| performed by the gates.

! Q12 Give any two applications of open collector logic.
| Ans.: 1 Itis used when we require to connect outputs
2. It is used when sourcing cwrent requirements is larger than -the standay

— ’
;totem-pole output. . " |

Combinational Digital Circuits

of two or more gates.

: . — ——
; Q13 State advantages and disadvantages of TTL. _ Contents -
i Ans.: Refer section 33.8. ‘ 41 Standard Representation for Logic Functions

Q.14 What is the effect of increasing the 'supply voltage on the propagation delay ’ e

s .. May-12, 1 g
of the CMOS gates ? N w-y 3, 14, Dec.13,
i ation delay of the CMog| | | . . T - Winterq7, ... Marks 7
Increasing the supply voltage reduce the propeg Y e 42 Kamaugh-Maps (K-Map) Representation . . . . . May-14- - - -.... Marks 7
) A L A I arks

: 43  Simplification SOP Functions using K-Maps. . . . May-
Which is the fastest logic family ? » Ps... May-12, 13, Dec.12, 13, -

e » 4 1 e Summer-17,18, - - - - . . .. :Malks 7

) 4.4  Simplification of POS Functions using K-Maps.. Winter-17, -+ .- ........ Marks.7
SutS] " MYRICH T Jogi gaterts) ied, fas wiked mi“g ?b tied togeth 5 i 4.5 Summary of Rules for K-Map Simplification .
i : ; i ogether usin,
AANI;)stEChm'I;i :utput of open collector TTL logic gates can be tied tog; g wired 46 Limitation of Kamaugh Map
i 4.7 Realizing Logic Function with Gates.......... Dec.-11, 12, 13, May-12, 13,
Qoa | - S Summer-15, 16, 18,
Tl Winter-14, 15,18, -+ -+ Marks 10
4.8 Combinational Design Examples. ... ......... Winter-ﬂ-, 18; eaie eieicinaimie Maﬂ(s 7
4.9 Quine McCluskey Method of Function Realization
/ 4.10 Multiplexers R S T Dec.-13, Winter-14, 15, 18,
A Summer-15, 17,18, -« - Marks 7

4.11 Demuitiplexers
4.12 Decoders

413 Encoders
414 Adders

415 Subtractors

416 BCD Arithmetic

L317_Camy Look Ahead Adder ..o
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Dec.~13,

4.18 Digital Comparator

Summer-15, 18,

Winter-15, 16, =+ ="+ ...
May-14, Summer-15, 18, -

A

Combinationa/ Digite c’ t
"ﬁu,h

..... May-12,13. ..........__Ma’ks7
420 Code Converters ~ +e-cccvsrtt? : ‘
4.21 ALU and Elementary ALU Design
*Oral Questions and Answers b
e
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hﬁa__

variables with the Boolean operati
as Boolean formulae,

We use Boolean expressions to desc
For example, if the Boolean expressi

tribe switching
ion (A + B

f, then Boolean function js written as 1
f(A,B,CO) = A+B)C o
Based on the structure of Boolean expression,
formulae. One such categorization are the norm

.function or Boolean functions.
1s used to describe the function

f=(A+B)C

it can be ca'éegor_ized in different
al formulae,

.

Considerthe four-variable Boolean function.

Product terms

Py
C

f(A/B,C,D)=

wr% .

Literals

. (41)

o In this Boolean function the variables are appeared either in a complemented or an
uncomplemented form.

* Each occurrence of a variable in either a complemented or an uncomplemented
form is called a literal. Thus, the above Boolean function 4.1.1 consists of six
literals. They appear in the product terms. s '

* A product term is defined as either a literal or a product (also called conjunction)
of literals. Function 4.1.1 contains three product terms, namely, A, B C and A c D.

* Consider another four variable Boolean function.

* The above Boolean function consists of seven hterals.'
sum terms.

Sum terms

f(A,B,C,D)=

Literals

Here, they appear in the

. - it
"TECHNICAL PUBLICATIONS - An up thrust for knowledg!
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e A sum term is defined as either a literal or a sum (also c.—i\_lled disjﬂncﬁon) i
literals. Function 4.1.2 contains three sum terms, namely, (B + D), (A + B + Q -
(& +C). These literals and terms are arranged in one of the two forms :
s Sum Of product form (SOP) and
= Product Of Sum form (POS).

Sum of Product Form »

o The words sum and product are derived from the symbo_lic representations of
OR and AND functions by + and - (addition and multiplication), respectively, By
we realize that these are not arithmetic operators in the usual sense. A Produg
term is any group of literals that are ANDed together.

"o For example, ABC, XY and so on. A sum term is any group of literals that are
ORed together such as A + B + C, X + Y and so on. A Sum Of Products (SOP) j
a group of product terms ORed together. Some examples of this form are :

e Each of these sum of products expressions consist of two or more product terms
(AND) that are ORed together.

1. f(AB,C) =

2. f(RQRS) =

Product terms

e Each product term consists' of one or more literals appearing in either
complemented or uncomplemented form. For example, in the sum of products
expression ABC+ ABC, the first product term contains literals A, B and C in thelr
uncomplemented form. The second product term contains B and C in their
complemented (inverted) form.

e The sum of product form is also known as disjunctive normal form Of
disjunctive normal formula.

TECHNICAL PUBLICATIONS™- A up thrust for knowledge
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D B
m Pro duct of Sum Fo'_m' Combinational Digital Circuits

f(RQARS) =

Sum terms

Each of these product of sums expressions cons

ist of two or x "
that are ANDed together. of two or more sum terms (OR)

Each sum term consists of one or more literals a ing in ei
ppearing in either
or uncomplemented form. - i complemmeni :

The product of sum form is also known ‘s conjunctive normal form or
conjunctive normal formula. )

Standard SOP and Standard POS Forms

We can realize that in the SOP form, all the individual terms do not involve all

. literals. ’

For example, in expression AB + ABC the first product term do not contain
literal C. . '

If each term in SOP form contains all the literals then the SOP form is known as
standard or canonical SOP form.

Each individual term in the

standard SOP form is called
minterm. \

One standard sum of products
€xpression is as shown in
Fig. 4.1.1. ’

I each term in POS form
contains all the literals then the

ists of
Each product term consists of
all literals in either complemented
form or uncomplemented form

Fig. 411 standard SOP form

v POS form is known as standard or canonical POS form.

) - it Jaowledge
TECHNICAL PUBLICATIONS™~ An up tustor ’
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f(A.B,C) = W ’ mﬁ%

Each sum term consists of
all literals in either complemented
form or uncomplemented form

4-6

o Each individual term in the
standard POS form is called
maxterm.

e One standard product of sums
expression is as shown in
Fig. 4.12.

. IER®A cConverting Expressions in Standard SOP or POS Form
e Sum of product form can be converted to standard sum of products by ANDing
the terms in the expression with terms formed by ORing ‘the literal ang ity
complement which are not present in that term. .

¢ For example for a three literal expression with literals A, B and C, if there is ,
term AB, where C is missing, then we form term (C+C) and AND it with Ap,

Therefore, we get AB (C + C) = ABC + ABC.

Steps to Convert SOP to Standard SOP Form
Step 1 : Find the missing literal in each product term if any.

Fig. 4.1.2 Standard POS form

Step 2 : AND each product term having missiné literal/s with term/s form by ORing
the literal and its complement.

Step 3 : Expand the terms by applying distributive law and reorder the literals in the
product terms.

if ‘any. Because

Step 4 : Reduce the expression by omitting repeated product terms

A+A=A

lllustrative Examples

Example 4.1.1
L f(ABC)=AC+ 4B
Solution :

Step 1 : Find the missing literal/s in each product term.

f(ABC) =

Literal A is missing.
Literal C is missing.
Literal B is missing.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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roduct term
stop 2 ¢ AND P M (missing o , its
Original product temcomplem.m)_ k

Combinationa Digital Circults

f(AB,C) =

. | Missing e
6P 3: expand the terms and reorder litaras. and thej

f(ABO=ACB+ACH
papand ACB+ABC+ABE+BCA+B x
er: £ (A, B, C) Ca

Rgnrd

step 4 Omit repeated product terms,

f(A/B,.C)=ABC+AEC j

f(AB, C)=ABC+ABC+ABT+ARC

s,

e .

form. (43,0 = &

Example 4.1.2 @
oy i s

Solution :
Step 1 : Find the missing literal/s in each product term.
f(A,B,C) =ffi+ ABC
Literals B and C are missing
Step 2 : AND product term with (missing literal + IS complement).

Original terms

f(A,B,C) =f&l- (B+B)-(C+C)+

. . Missing literals and their eornplen)ants
$tep 3 : Expand the terms and reorder literals.
f(ABC) = ABC+ABC+ABC+ABC+ABC.

St . .
P 4 : Omit repeated product term
Repealed
" product term

f(A B,C)=ABC+ABT+ABC+ABT +BEA

f(A.B.C)=ABC+ABE+AEC+'ABC

™, o
TECHNICAL PUBLICATIONS - An up thrust for knowledg
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Combinational Digital Circuits

Example 4.1.3 : Express the folIawmg function in stamiard SOP form pepon d
F,-AB+CD+ABC . IR ~ e A+BC = (A+B)(A+C)Wehave
[Ans. : K§CD+ABCD+ABCD+ABCD+A§C6+ABCD+ ABCD+ AB G)+ABCD+ABCQ (A BC) = (A+B+ O@aq B . E)’(B
= % . +C+ A) -
the ical SOP form of £(x,¥,2) = (xy +Z) (y +x2) & )@+ C
Example 4.1.4: Determine the canoni fi [Ams. 292+ 292+ K72 a7g (A+C+B) (A+C4+3) +3)
or . R
Steps to Convert POS to Standard POS Form i peord A 5,0 i (A+B+Ohsp KA
il - +B+ — s
Step 1 : Find the missing literals in each sum term if any. £ N O@+B4q E+B+q
. A+B+OA+B+( ¢
Step 2 : OR each sum term having missing literal/s with term/s form by ANDing ty, . ted .
literal and its complement. ) step 4 1 Omit repeated sum terms,
- Step 3 : Expand the terms by applying distributive law and reorder the literals in the Repeated sum temns
sum terms. . : .
; f(A,B,C)=(A+B+C)(A+B+T) _
Step 4 : Reduce the expression by omitting repeated sum terms if any. Because +B+C)
A-A=A.
. f(A B, C) = (A +B+C) (A+B+C)(A+B+C)(A+B+C)
:  Standar: o e f’(é

Solution :

Solution : Step 1 : Find the missing literal/s In each sum term.

Step 1 : Find the missing literal/s in each sum term.
, f(A,B,C) =fi§- (A+B+C) '

f(A.B,C) =
. Literals B and C are missing
Literal B is missing. . . ) : 3
Literal Ais missing. g Sfep 2! OR sum term with (missing litéral « its complement).
Literal C is missing. ‘ f(a, B, Q = (A+B-§+C-E)(A+B+C)

Step 2 : OR sum term with (missing literal « its complement). . )
. Step 3 : Expand the terms and reorder literals.

(A + B) (A + C) wehave,
(A+BB+C)(A +B-B+C) (A +B+C)
| (A +B+E)(A +B+C)(A+B+Q)

Original sum terms

1}

Since A + BC
(a8,

f(AB,C) =

(A +B+C)(A +B+C)

- Missing literals and their complements

TECHNICAL PUBLICATIONS™- An up thrust f i ' -~ r knowledge
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Step 4 : Omit repeated sum terms.

Repeated
sum term

{AB.C) = (A+B+C)(A+§+C)(A*B..’6)(A+B*c) A\

fAB.C) = (A,B*c)(“gm)(mm'é)(mch)

Example for Practice

. S
Example 4.1.7 : Convert the given expression in standard POS form
fB, QR =(P+Q (P+R '
fAns.: P+ Q+R) P+ Q@+ R) (P + Q 4 )

M Notations : Minterms and Maxterms

e Each individual term in standard SOP form is called minterm and each individy,
term in standard POS form is called maxterm. '

o The concept of minterms and maxterms allows us to introduce a very convenien

shorthand notations to express logical functions.

e Table 4.1.1 gives the minterms ;
and maxterms for = a three
literal /variable logical function
where the number of minterms as
well as maxterms is 23 = 8. In
general, for an n-variable logical
function there are 2" minterms @
and an equal number of |
maxterms.

e As shown in Table 4.1.1 each
minterm is represented by m; and |
each maxterm is represented by
M,, where the subscript i is the
decimal number equivalent of the /
natural binary ‘number. With

. these shorthand notations logical
function can be represented as

follows :
1. f(AB,C) = ABC+ABC+ABC+ABC

7 ' 7 G
Table 4.1.1 Minterms and maxterms for three

variables .

= mp+ my + m3 + mg

= ¥m(0,1,36)

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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2. (B0 = BB ALBLg 3,5

a

whel'.e Y, denotes sum of prodyct while 1

"dgmsﬂfﬂls

1
5= M1 'Ma .M6 9
= TIIM(1,36)

denotes prodyct of sum.
the truth table form.

standard SOP or POS form corresponding

Logical expression can be representeq i

It is possible to write logic €xpression in
to a given truth table.

The logic expression corresponding to 4 given : .
standard sum of products form by Wﬂﬁils m:u&rlo:b gy o
combination that produces an output of 1 P tem for each e

These product terms are ORed
together to create the standard sum of
products. The product ‘terms are
expressed by writing complemeqt of a
variable when it appears as an input 0,

and the variable itself when it appears « ABC
as an input 1. « ABC

o Consider, for example, the truth
Table 4.1.2. ' . _
« ABC

¢ The product corresponding to input

* The logic expression’ corresponding to. a

* The sum terms are expressed by writing

. . . TR

combination 010 is ABC, the product
corresponding to input combination
011 is ABC and product corresponding v
to input combination 110 is ABC. Thus the standard sum of products form is

f(A,B,C) = ABC + ABC + ABC

Table 4.1.2

= m + my + mg

truth table can also be written in a standard
product of sums form by writing one sum
term for each output 0.

complement of .a variable when it appears
as an input 1 and the variable itself when it
dPpears as an input 0.

* Consider, for example, the truth Table 413.

Table 44.3

™ owedge
TECHNICAL PUBLICATIONS - An up thrust for kn
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; ions 010 is A + B + C, and g,
ding to input combinations e g
) E‘:e:pu:\ndwinmgtopz‘put 101 is & + B + C. Thus, the standard product of sum
is .
f(A, B, Q)

; R
o

A+B+Q @A +B+C)
= M;, ° M5
Complements of Standard Forms
e The PQS and SOP functions derived from the same truth table are l°8iCa1]y
equivalent.
¢ In terms of minterms and maxterms we can then write
f(A,B,C) = mg+m,+m;+my+mg+my =My +Ms
£(A,B,Q) = >m(0,1,34,67) = [[M2 5 .
From the above expressions we can easily notice that there is a complementary type
of relationship between a function expressed in terms of maxterms. Using this

complementary relationship we can find logical function in terms of maxterms if
function in minterms is known or vice-versa. For example, for a four variables if

f(A,B,C,D) = Ym(0, 24, 6, 8,10, 12, 14)

then f(A,B,C, D) = nM(,3,57,91

Example 4.1.8 b

Solution :
A+BC = A(B+@(C+E)+(A+K)§C
= (AB+A§)(C+Q+(A BC)+ABC
ABC+ABC+ABC+ABC+A BC+A BC
= ABC+ABC+ABC+ABC+A BC
F=3m(,4567) .
Vo sy i, Y
Solution:- F = XY + XZ
XY (Z+Z)+XZ(Y+Y) =XYZ + XYZ + XYZ + X YZ
> m(7, 6,3,1)
=T1M(©0245)
= XY+ X+Y+2) X+ Y+2)(X+Y +Z)

n

F

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

sﬂmﬁon : _ _
4, pOS form : D = (A +B) B 4 )

z,SOPf°m“D=K§+KC+B§+BC

e

N
solution : F(x ¥, 2) = (xy +2)(y +xz

= XY+ XyZ'+ yz + xz
= xy1+2)+yz +xz

= Xy +yz+xz

= XY(Z+2)+YZ(X+$()+1xz(y+‘)7)
xyz+xy2+xyz_“)_(yz+xyz+.x?z

F(x, y,2) = XYz + XyZ + Xyz + Xyz

Fx y,2) = 3m(3, 56,7 =[[M0, 1,2 8
F, Yy, 2) = X+y+2)x+y+Dx+T+2)R+y+2)

- o
Example 4.1.12
i

¢

Soluﬁon :F= Xy + Xy + yz

s

GTU : May-13, Marks

xy(z+2) +Xy(z+2) +?z().(_+3()

XYZ+Xy Z+Xy2Z+XyZ+Xyz +Xyz

F = xyz+xy2‘+>i?z~.}'x?i+i?z

" knowledge : g =%
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-Solution : I)A+B+CA
= A.(B+B)-(C+0)+B-(A +A)- (C+C)+CA(B+B)
= A-(BC+BC+BC+BC)+B-(AC+AC+AC+AC)+ABC+A§C
— ABC+ABC+ABC+ABC+ABC+ABC+ABC+ABC+ABC+ARC,
= ABC+ABC+ABC+ABC+ABC+ABC+ABC
2) A(A +B)C s
= (A+B-B+C-C)(A +B+C-C)(A-A +B-B+C)
= (A+B-B+C)(A +B-B+C)(A +B+C)(A +B+0)
(A +B-B+C)(A +B-B+0)

= (A+B-B+C)(A +B-B+C)(A +B+C)(A +B+C)(A +B-B+C)
: wA-A=A

= (A +B+C)(A- +B+C)(A +B+C)(A +B+C)(A +B+C)
) (A +B+C)(A +B+C)(A +B+0)

= (A+B+C)(A +B+C)(A +B+C)(A +B+0)(A +B+C)
(A +B+C)(A +B+C)

Solution : F = AB (C+ C)+AC (B + B)

= ABC+ABC+ABC+ABC
Y m@,631

> m (1,367

= nM(0,2,4,5)

n

= (A+B+C) (A +B+0) (A+B+C) (A +B+C)

TECHNICAL PUBLICATIONS™- An up thrust Io}" knowledge

pigta ! Fundamentals

S : Combinational Digttal Circuits

. Define the following terms . 1) Mmterm 2 Ma
Define switching function,

Define literal, product term gng sum term,
Explain sum of product Sform.

[N N

convert i T
SOP and POS form. 1he expression y = (4.4 BO(B + 2T) o

o

. Explain how to convert SOP o POS expressm

in their standard forms,
7. What do you mean by minterms and maxterms 7 i

o During the process of simplification of Boole,
successive step. -

e We can never be absolutely certain that an’ expression simplified by Boolean
algebra alone is the simplest possible exptessmn,

e On the other hand, the map . method
simplifying a Boolean expression.

o The map method, first proposed by Veitch and modified by Ka;m‘ugh, hence it is
known as the Veitch diagram or the Karnaugh map.

glves us a systematic- approach for

XN One-Variable, Two-Variable, Three-Variable and Four-Variable Maps

* The basis of this method is a graphical chart known as Karnaugh map (K- map)

* It contains boxes called cells. .

* Each of the cell represents one of the 2" pcssﬂale produds that can be formed
from n variables. Thus, a 2-variable - map contains 22 4 cells, a
3-variable map contains 2% = 8 cells and so forth. ;

* Fig. 421 shows outlines of 1, 2, 3 and 4-variable maps.

Values of

in gray code
sequence

Ao 1
Values 0
of A
! ohle | 4-Variable map
1-Variable map ~ 2-Variable map 3-V3“ab||?s‘;“ap (16 cells)
(2 cells) (4 cells) (8 cel 5

h maps
Fig. 4.2.1 Outlines of 1, 2, 3 and 4-varlable Kamaug

owledge
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o Product terms are assigned to the cells of 2 Karnaugh map by labeling eaqy,
and each column of the map with a variable,

combination of variables and complements.

with its complement, oy Wit;?w
q

. The product term corresponding to a given cell is- then the product of all Varigg,

in the row and column where the cell is located.
Fig. 4.2.2 shows the way to label the rows and columns of a 1, 2, ‘3 and 4"’a-l'iah1&

maps and the product terms corresponding to.each cell.

BC __

AB B B A\_BC

A| AB | AB . A|ABCT

0 1 0

. Al A5 | a8 A|ABT
2| 3 4

(a) 1-Variable map (c) 3-Variable map

Each cell contains the product of
corresponding row and column
product terms for example : cell 3
represents ABCD =&« £B

- row column

AB |ABCD|ABCD|ABCD|ABCD)
12

product product AB |[ABCD|ABTD|ABCD|ABCD
term term 8 9 11 10

(d) 4-Variable map
Fig. 4.2.2 1, 2, 3 and 4-variable maps with product terms

® When we move from one cell to the next albng any row or from one cell to the
next along any column, one and only one variable in the product term changes
(to a complemented or to an uncomplemented form). )

e For example, in Fig.4.2.2 (b) the only change that occurs in moving along the
bottom row from AB to AB is the change from B -to B. Similarly, the only change
that occurs in, moving down the right column from A B to AB is the change from
A to A. Irespective of number of variables the labels along each row and columt
must conform to the single-change rule.

o The gray code has same properﬁes‘(only one variable change when we proceed to
next number or previous number) hence gray code is used to label the rows and
columns of K-map as shown in Fig. 4.2.3.

TECHNICAL PUBLICATIONS™ An up thrust for knowledge
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0 AB 0 1 A my | m,
0 0] my my my | mg
1| m, 1] m2 | mg » Mys5 | Mg

riable map (b)2-Va'rIab|e|:.,ap Mg | Mg | myq | myqy

(Si 1-val (€) 3-Variabt may
Fig. 4:2:3 Another way (o represent 1, 2, 3 ang 4.,

The Fig. 423 shows label of the TOWs and

maps using gray code and the Product terms sg‘l'::::ngfin: :cl) 2,51 anﬁl il
ea cell,

(d) 4-Variable map

instead of variables. "
In case of POS expressions Wwe - assi
’ Karnaugh map. gn maxterms (

The Fig. 4.24 shows the way to label the rows . lumns
; ; and
4-variable maps using gray code and the sum terms cmzlpondm;ftf ei::hzcgl nd

Sum terms) to the ¢ells of a

B g =
. A 2 ACBC BT BT e
A A B

ol A MEO A8 A ABIC| AvBeT | BT | AsBivc
. 1 0 1 3. 2
Al A ; Al A8 | &8 R | ReB+C| A+BIT | A+B4T | A+Boc
2 3 4 § 7 8

(a) 1-Variable map (b) 2-Variable map (c) 3-Variable map

co - - -
AB C+D C+D C+D C+D

A

5

B AaB»C#D\A'IBoC#ﬁ A+B~E+++5+€*D
- 0! 1 3 2

Each cell contains the product of
corresponding row and column

A+B|A+B+C+D A+§¢C+E\ A+B4C+D|A+B+TD|

sum terms For example : \
cell 12 represents 4 5 1 L]
A+B+C+D=REE+EH msios ML .
&:;“; " Column  A+B|A+B+C+D|R4B+CHD|A+B+THD|A+B+CH
‘sum - sum 12) 1) 15 14
term  term 1
7+B | R+B+C+D|A+B+C+D A++C+D|A+B+C+D)
s 9 11 10
d 4-Varlable map

Fig. 42:4 1, 2, 3 and 4-variable maps with sum ol

. ledge
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Scanned by CamScanner




p Combinational Digitg; Cirey
Digital Fundamentals . 4-18 "

-+ Gray code sequence
CDoo .01
AB 1

10
Graycode o | Mg | My [ My
sequence

=+ Gray code sequence § oot | M| Ms |y
Bo 1 Aacoo o1 11 10 )

vo 0 M0,M1 Mo | My | Mg [ My B I M15.
1 1 leMg M, ['Ms | M7 | Mg 10 | Ms [ Mo M11

(b) 2-Variable (c) 3-Variable map (d) 4-Variable map
map

Fig. 4.2.5 Another way to represent 1, 2, 3 and 4-variable map for POS expressions

(a) 1-Variable
map

e Instead of writing actual sum terms, corresponding shorfhand maxterm-notatj(,ns
are written in the cell and row and columns are marked with gray code instead of
variables.

) Plotting a Karnaugh Map

. I;ogic function can be represented in various forms §uch ?S truth {able, SOp
Boolean expression and POS Boolean expression. In this section we will see the
procedures to plot the given logic function in any form on the Karnaugh map.

m Representation of Truth Table on Karnaugh Map

The smallest unit of a| |~1%1Y] o 1
map, corresponding to| | 010 I/’O'_
line of a truth table. The input f (1)
anabl‘e's,‘are,tyhg,cell'sy co—ordmates 7] .
tput variab 1I's

Fig. 4.2.6 (a) Representation of 2-variable truth table
on K-map

L7

Fig. 4.2.6 (b) Representation of 3-variable truth table on K-map .

TECHNICAL PUBLICATIONS™ An up thrust for knowledge

mentals

4-19

pigitel P i -
. Combi p p
The terms which are haVi.ng inational Digital Circuits

output 1, haye

-1s. The other c;lls :re :‘Mked with zeres, conesPUnding cells marked thh

- ¢

o [0 [0 >
1|0 TT
2 [0 [0 7]
3|ofo[ 1]
4o 1o
5 0 1 T
6 0 1 T
AR
s [ 1700

9| 1] 0 0]
0] 1o ]
TEERERER
2] 110
HERERE
ERERER

5] 1] 1]

(¢) Representation of 4-varlable

Fig. 4.2.6 Plotting truth
9y

truth table on K-map
table on K-map

2il

* A Boolean expression in the sum of products form can _be plotted on tt.\ev
Karmnaugh map by placing a 1 in each cell corresponding to a term (minterm) in
the sum of products expression. Remaining cells are filled with zeros. This is
illustrated in the following examples.

lllustrative. Examples
Pt B

Solution : The expression has 3-variables and hence it can be plotted using 3-variable as
in Fig. 4.2.7.

i i i i 2o

BC _
c BC

\BC ABT apc A’B»E
a8 Fig. 427

™. knowledge
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; The expression hag 4—vaﬁ ables and -

S\

ression has 4variables and hence it

olution : The exp:

Ening
- 1|
AR+B+C4P
o Fig. 4.2.10
(A+B+C+D) = M1,(A+B+E+D)-=M6,

_ — _ (A+B+E+B)=M3,'
(& +B+C+D) = My3, (A +B+E+D)=M14

f : ’ Fig. 4.2.8

Representing Standard POS on K-Map

m Grouping Cells for Simplification
* A Boolean expression in the product of sums can be plotted on the Karnaugh map e Once the Boolean function is plotted on the Karnaugh

map we have to use

; . by placing a 0 in each cell corresponding to a term (maxterm) in the expressio, grouping technique to simplify the Boolean function. o
| Remaining cells are filled with ones. This is illustrated in the foll?wmg examples, ‘ » The grouping is nothing but combining terms in adjacent cells.
. oy -—-b*
| Jcimive o » r = El RLLL
Bir: h I L=l AL
| « s NI
PG, L UK “ \
. . . T IRERE
Solution : The expression has 3-variables and hence it can be plotted using 3-variable .
map as shown in Fig. 4.2.9. : (a) Neighbouring calls in (b) Neighbouring calls in
A+B4T A+B+T _ . A+B+T - the row are adjacent the column are adjacent
gc G A+B+C Bc A+B+C Adjacent cells

OR

Fig. 4.2.9
(A+B+C) =M,, (A+B+C)=M,, (A+B+C)

Example 4.2.4 | W%W/
e %ﬁ/}ﬁr

=
4
&0 i

Mg, (A +B+C)=M Adjacent cells

dil ding
(c) Leftmost and p 9 (d) Top and correspon
rightmost cells are adjacent bottom cells are adjacent

Fig. 4.2.11 Adjacent cells

- . 2 :
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o Two cells are said to be adjacent if they conform the single change rule. i, the
is only one variable difference between co-ordinates of two cells. For example, R
cells for minterms ABC and ABC are adjacent. ¢
o The Fig. 42.11 shows the adjacent cells. )
o The simplification is achieved by grouping adjacent 1s or Os in groups of ’
wherei=1,2,...,nandnis the number of variables. . .
o When adjacent 1s are grouped then we get result in the sum of products forn,
otherwise we get result in the product of sums form. Let us see the Val'ious'

grouping rules.

Grouping Two Adjacent Ones: (Pair)

e Fig. 4.2.12 (a) shows the Karnaugh map for a particular three variable truth table,
This K-map contains a pair of 1s that are horizontally adjacent to each other; th,
first represents A BC and the second represents ABC. Note that in these ty,
terms only the B variable appears in both normal and complemented form (A& ang
C remain unchanged). Thus these two terms can be combined to give a resultant
that eliminates the B variable since it appears in both uncomplemented ang
complemented form. This is easily proved as follows : .

Y = ABC+ABC
AC(B+B) Rule 6:[A + A =1]

=AC
This same principle holds true for any pair of vertically or horizontally adjacent 1s.
Fig. 4.2.12 (b) shows an example of two vertically adjacent 1s. These two can be
. combined to eliminate A variable since it appears in both its uncomplemented and
complemented forms. This gives result '
Y =ABC+ABC=BC

gpcBC BC BC BC CBC BC BC BC gcBC BC BC BC

AN 01 11 10 _AC AN 00 01 11 10 Ao 01 110
A0 Aol o ;
A1 A1) o

Fig. 4.2.12

o In a Karnaugh map the corresponding cells in the leftmost column and rightmost
column are considered to be adjacent. Thus, the two 1s in these columns With_ﬂ
common row can be combined to eliminate one variable. This is illustrated ¥
Fig. 4.2.12 (0). ' ' 5

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

el Fw'd”""""”s 4-23 . )
M\
H ariable B has appeared in bog ; Combinationel pigtel Circuts

N its
d ;:;ce eliminated as follows : ! €Omplementeq and uncomplent
o lem
, e plemented forms
= AC(B+B
C(B+B) Rule 6 : (7
= AC il
ther ex;
Let us see ano ample shown in
. Fig 4212 (d). Here two 1s from top row
and bottom ~ Tow of some colump are
combined to eliminate variable 4, since in
a K-map the top row and bottom row are

Considered to be adjacent.

ABCD+ABCD. -

Y =
= BCD(@A +4)
= BCD
+ Fig. 42.12 (¢) shows a Karnaugh map that has two  A°
overlapping pairs of 1s. This shows that we can A
share one term between two pairs. :
Y = ABC+ABC+ABC an.u.g“;:;)z—)ac
= ABC+ABC+ABC+ABC Rule 5: [A + A = A]
= AC(B+B)+BC(A +A4)
= X C+BC
. N . W
o Fig. 4212 (f) shows a K-map BcBT Ec‘r;l::p 1;EAC
where three group of pairs CIRLHE :
can be formed. But only two siinmnscl
pairs are enough to include tai g2 Gioup 28 A
all 1 . g DI G
s present in the K-map. Fig. 4.2.12 (f) Examples of combining pairs of

" In such cases third pair is not

required.

Y=ABC+ABC+ABC+ABC .-

=AC(@

* adjacent ones .

+B)+AB(C+0 3u1e§:[A+A=11

1 up thrust for knowledde

M
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[EEEEY Grouping Four Adjacant Ones (@uad) TP To b o5
"o In a Kamaugh map e LN
we can group four N
adjacent  1s. The 20
resultant growp i AUL_

ABOO| O

ABO1]| -0

called Quad. a1 G g AB 11
Fig- 4213 shows AB10| 0
several examples of
Y=A
quads. @ Fig. 42.13
e Fig. 4213 (a) shows o
the four 1s are horizontally adjacent.

o . Fig. 4213 (b) shows the four 1s are vertically adjacent. )
e A K-map in Fig. 4213 (c) contains four 1s in a square and they are consj e

adjacent to each other.
€b Tp cD cD cpCD TD €D CD cpCD TD CD cB
ABCD 0 o1 11 10 - aBN\ 00 01 11 10 ABN_ 00 01 11 10
ABof o | o fo | o Agooj oo [0 ] O KEOOPJ’}/ oo ji1
_ ~ = -
AB0{ O J‘1 1§ 0 Agpoff oo | o]0 5 ABO1| O 0 ol o
BD ‘ + Z7, R
AB 11 0 Ji1 v1}.‘ 0 a1 1]] 0o |0 1 AB11f o [ o[ oo
P z _ = 722
A1 o [o[o]o AB0)_ 1] 0| o i1 AB10[ 1} 0 | o (1
(c)Y=BD (d)Y=AD : (e) Y=BD
Fig. 4.2.13

e ‘The four 1s in Fig. 4.2.13 (d) are also adjacent.

o In Fig.42.13 (e) the top and bottom rows are considered to be adjacent to each

other and the leftmost and rightmost columns are also adjacent to each other.

e When a quad is combined, two variables are eliminated. For example, it |.

Fig. 42.13 (c) we have following terms with 4 variables :
Y = ABCD+ABCD+ABCD+ABCD

ABD(C+C+ABD(C+0)
ABD+ABD e
BD (A +A)

= BD

n

(Only two variables in the result
variables A and C are eliminat®

TECHNICAL PUBLICATIONé'- An up thrust for knowledge

pigt | Fundamentels 4-25 .
Combinational Digital C
. Fig 4213 (H ShOWSOVeﬂapping . coCh § ===
) oups. As mentioned earlier AN o c'? C‘°E
one term can be shareq FEolo o]0
_petween WO OF more groups, ABo1| o
Srom i SEAK
: AB 1Ty [~ e GroUp 3o AC

Group 2-m AD
0Y=aB
Fig. 4213 Examples of coner -
g quads of adj

@ érouping Eight Adjacent Ones (Octet)

,maKamaughmapwecangmupei t adi .
as octet. Fig. 4.2.14 shows several exaih@; l:;ﬁ\octte‘ls' - The resultant group is called

o Fig. 4.2.14 (2) shows the eight 1s are horizontally adjacent.

o Fig. 4.2.14 (b) shows they are vertically adjacent.

o From the Fig. 42.14 we can easily observe that when an odnt is combined i
ina

ones

variable remains unchanged. :

cbCD TD ¢D ¢cb

¢oCTh Tb ¢b ¢b
AB\ 00 01 11 10
xBoo| o A | 19 o

1 "1Eg L5

- AB1) 0 H1- 1%0

>l

@
2
o

AB10] 0 BR1-{-14 O

(®) Y=D

cpCD CD €D €D cpCb TD CD CD
00 01 11 10 AB 00 01 11 10

AB
ABO0 Agoo| 1} o | o f1-
AB 01 apot| [ 0|0 H
‘AB 11 apn| Al o0 Ht
N E- i

AB 10 astol 1 0] °
_ D

B (o v=B v @y=s .
djacent ones

Fig. 4.2.14 Examples of combining octets ofa
S™- Anp thrust for knowledge
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Digal Fundamentals 4%

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

= AB+A B
=B@A+A)=8B

K-map simplifications.

¢ For example, in K-map shown in Fig. 2.3.14 (a) we have following terms ;

IEI Illegal Grouping

¢ The Fig. 4215 shows the examples of illegal grouping of cells.

(a) Diagonal grouping (b) Grouping of odd number
Is illegal of cells is illegal

»F_Ig. 4215 e ——
‘lglg K-map find the boolean Sfunction and its
L HABGCD =3(1,234662910,11,12 14

—

comlenit o el

| GTU :'May-14, Marks 7 |

Solution : PN , 01

- F(A,B,C,D) = CD+BD+AB+BD of o 1| 1}

and F = CD+BD+AB+BD o] 1)1 [H
F = (C+D)(B+D)(A +B)(B+D)

Review Question

BD
Fig. 4.2.16

! 1. Explain SOP and POS forms of K-map for three variables,

TECHNICAL PUBLICATIONS™. An up thrust for knowledge

Combinational Digitg, °"°4.

- IBE(B¢D)+IBC(D+B)*ABE(5+D)+ABC(D+B)
= ABC+ABC+ABC+ABC =KB(E+C)+AB(§+C)

! Octetisa gtoup of eight adjacent cells in ‘a Karnaugh map. It ca(ncels‘th’i-ge "“nabk;l

" nd‘monlals

4-27
oet
w simplification Sop Functions using Kt Combinational Dighal Circutts

A pair of 1s eliminates one variable, ,

. octet of 18 elinﬂnalest}ueevaﬁables‘ ‘I“ﬂdoflseu%mov fables and an
, when a variap), .
In general, W e appeary
‘ form within @ group, that varisp; . is :T both

. Each group giVes s a product tery,

Boolean expression.

, Each product term implies the function

All the implicants of a function determineq ye;

" implicants. ‘ 2 Tap are the prime
. From the above discussion we can

Boolean expressions as follows -

1. Plot the K-map and Place 1s in those cells : < .
table or sum of product expression. Place 0s i other cells.b the 1s in the truth
2. Check the K-map for adjacent 1s and encircle those . .

to any other 1s. These are called isolated 1 1s which are not adjacent
3. Check for those 1s which are adjacent to onl one ;

paire: y one other 1 and ena.n:le such
4. Check for quads and octets of adja

already been encircled. While do;

number of groups.

mﬂi"egﬂ‘mﬁmdpmmbsimpmy

acent 1 even if it contains some 1s that haye
ng ﬂlxsnukeaneﬁxatﬂmamnﬁnmm

5. Combine any pairs necess

4 arytoincludeanylsﬂuthavemtyetbm
grouped.

6. Form the simplified expression by summing product terms of all the groups.

llustrative Examples
Example 4.3.1 [ Mzmmlzeth;

- ABCrAB CYARCY ABCHABC.

Solution ; Aac%g ‘s;f 81:: ch
StoP1: Fig. 431 (a) shows the K-map for th.\'ee w1110,
Variables ang ¢ is plotted according to the given S

~ Xpression, S EARPLRER
Stop 2 ;

Fig. 43.1 (a)
There are noisolated 1s. ¢

Stop 3,
Teferreq to

Lin the cell 3 is adjacent only to 1 in the
as group 1.

TECHNICAL PUBLICATIONS ™~ An up thrust for knowledge
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Digital

Step 4 :  There is no octet, but there is.a qua'fL
Cells 0, 1, 4 and 5 form a quad. This quad is
combined and referred to as group 2.

Step 5 : - All 1s have already been grouped.

Stop 6 : Each group generates a term in ‘th'e
. expression for Y. In group 1, B variable 'is
eliminated and in group 2, variables A and C are
eliminated and we get,

Y = AC+B

Solution :

Step 1: Fig. 432 (a) shows the K-map for four
variables and it is plotted according to the given
expression. :

Step.2 : Cell 2 is the oﬂy cell vcontairu'ng a1 that is
not adjacent to any other 1. It is referred to separately
as group 1.

Step 3 : 1 in the cell 9 is adjacent only to 1 in the
cell 13. This pair is combined and referred to as

group 2.

gcBC BC BC BT
10

O TD CD ¢p

10

0

ig. 4.3.2 (b)

D Cb cb cD
11

10

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

0
|
0

0
L

e Funde! 4-29 :
. There is no octeé, but the, Combinational Digital Circuits

mentals

4 Te is quad
StoSP 2 and 13 form a quad, This quaq is‘}:Ornb'ceus
b Jrefermed o 25 growp3. B
stop 5: All 1s have alreédy grouped,

6: Each group generates a term in the
express

jon for Y. In 8M0uUp 1 variable js not

eﬁmmated, In group 2 variable B is eliminated ang
in grouP
gets

3 variables A and D are eliminateq and we ACTD

Solution . " cptP Cb cb ch

" . 0
step 1 : Fig. 4.3.3 (a) shows the K-map for four ot e
variables and it is plotted according to the given © F°O°| 1o O 13 1)
expression. ABO1

step 2 : There are no isolated 1s. AB 1

Step 3 : There are no such 1s which are adjacent

to only one other 1. AB10

Step 4 : There are three quads.formed by cells 0,
2, 8, 10, cells 8, 10, 12, 14 and ‘cells 2, 3, 10, 11.
These quads are combined and referred to as
group 1, group 2 and group 3 respectively.

Step 5:  All 1s have already been grouped.

Step 6 : Each group generates a term in the -
expression for Y. In group 1 variables A and C are
eﬁminated, in group 2 variables B and C are
eliminated and in group 3 variables A and D are

eliminated and we get, Fig. 433 (b)

Example 4.3 4

(ONS™~ An up trustforknowess®
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Digital Fundamentals 4.-30
jon's cDCD TD Cp ax
Snluhpn: L% or G %D
ur —
Step1: Fig. 434 (a) shows the K-map for fo Asol 0 1| oo

variables and it is plotted according to the given
expression. :

Step 2 : There are no isolated 1s.

Step 3 : The 1 in the cell 1 is adjacent only to 1 in the
cell 5, the 1 in the cell 6 is adjacent ofly to the 1 in the
cell 7, the 1 in the cell 12 is adjacent only to the 1 in'the
cell 13 and the 1 in the cell 11 is adjacent only to the 1 RS0
in the cell 15. These pairs are combined and referred to pCD TD/CD ¢
as group 1-4 respectively. ABN_00. 01/ 11 10

Fig. 4.3.4 (a)

ABoo| o J[1]l 0 | o

Step 4 : There is no octet, but there is a quad. _
However, all 1s in the quad have already been ABO!
grouped. Therefore this quad is ignored. ag 1|
; ABT
Step § : All 1s have already been: grouped. ag10] 0 | o t,l.« 0
Step 6 : Each group generates a term in the . AC’D
_expression for Y. In group 1 variable B is eliminated. Fig. 4.3.4 (b)

Similarly, in group 24 variables D, D and B are
eliminated one in each group. We finally get minimum sum of products form as,

3 Y = ACD
Exampie 435 2
 Karnaug

TECHNICAL PUBLICATIONS™ An up thrust for knowledge

F‘”,dgmenlals

solution * - .

1: Fig: 435 (@) shows the Kemgp 4. ¢ gl
::‘:1 it is plotted according to given gy t}I: t:;l:\ree Variableg
5fep 2 : There are no isolated 15,

. . A1l 1 0
gtop 31 The 1 in the cell 0 is agjacen only to 1 i ge
cell 4 and the 1 o the cell 35 adjacent only to1 in the 1
7. These tWO PAIrs ar€ grouped and referred to 44 8r0ucgl
and grouP 2 i 'P
step 4 There is no octet and quad. %o

step 5 All 1s have already been grouped,

ool
=0
N
=0
N
ol

o
o

1 [

Fig. 435 (a) -

8cBT B
0. ¢

=0

BC
1

2
Sol

11

o

il

©

AR o Hall o

step 6 : In group 1 and group 2 variable A is eliminated

BT ' BC
and we get,

Fig. 43.5 (b)

Y = BC+BC
oo 424 T
impl
A, D+ ABCD |
Solution : The given function is nof in the standard
converted into standard SOP form as given below.

f(A B,C,D) = ABD+ ABCD+ABD+ ABCD
= ABD(C+C)+ABCD+ABD (C+3)+ ABCD
= ABCD + ABCD + ABCD + ABCD + ABCD +ABCD
Step 1: Fig. 4.3.6 (a) shows the K-map Step 2 :* There are no isolated 1s.
for four variables and it is plotted :

according to expression in standard SOP
form.

sum of products fprm. It is

cpCDb TD CD Cch

CDCD CD cb ¢cD AR 01 11 10

ABN\_ 00 01 -11 10 "
ABool o |1 [1]0

0| 1 3| 2 0
ABotjo[1]1]o0

4 5 7 8| 1

AB 1 112 013 015 114 0

AB10 0 8) 8 9 0!1 10|

Fig. 436 (b)
Fig. 4.3.6 (a)

* A owledge
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1
i is adiacent only to the
The 1 in the cell 12 is adja Arsdirty

Step 3 : S
in the cell 14. This pair is combined and

© ]l;ﬁon :a)F=20,1,4,510, 11, lé, 1) Mas-13. Marks 7
F = AC+ABD+ABC |

F = 2112, 13,14, 15

Fig. 4.3.6 (c) b) B = AB s A

group 1. .
Step 4 : There is a quad. Cells 1, 3, 5 and 7 form a
quad. This quad is referred to as group 2.

Step 5: All 1s have already been grouped.

i is eliminated and in _
Step 6 : In group 1 variable C is elimina din ' ' |
i imi t simplified equation as, o
group 2 variables B and C are elwated. We ge p! R o ) |

— AB 00 o
Y = ABD + AD N oo

N \
A 01

Example 4.3.7
C;

MU | 1 1{1Y] 1

D)
) : cbTB €D ¢b ch
Solution : N - ABN_00 01 11 10 B
5 fi ABoo| 1 |1 [0 |0 ABC w0l - 7
Step 1: Fig. 43.7 (a) shows the K-map for four 0 1 3| "o — — = - P
variables and it is -plotted according to given Reotf 1 Lo oo \ F=AC+ABD+ABC B =I;B A
g = asttf o fofolo . .@ . 438 . ®
Sgep 2 : There are no isolated 1s. agtof 1 [ 1] o, " RSN .
. ) Tg_ 4;3'7 ) - E(W, % Y, 2 01,2, 456, 12,13, 1
g cpCh CD CD ¢b
” 710 and call 10 ARNGOD 01 1 10 Solution : F(W, x, ¥, 2) = 2,(0, 1, 2, 4, 5,6, 8, 9, 12; 13,14)
Step 3 : Cell 4 is adjacent only to cell 0 and cel 500 l(18 1 | oo SR
is adjacent only to cell 8. These two pairs are P : FW, X, y,2) = J+WZ+XZ .
combined and referred to as group 1 and group 2 - wxyz- 00'. Can v
respectively. ad ot
. - 00 1 1
.Step 4 : There is a quad. Cells 0, 1, 8 and 9 form a i o
; i Fig. 4.3.7 (b) 01 i 1 1 _
quad. This quad is referred to as group.3. &2 b
. BC —
: CD Cp/CD cD ' 1
_ o0 01/ 11 Ao ' ‘ it -3
Step 5: All 1s have already been grouped. - ol ; g
Stép 6.: In group 1, B and in group 2, C are g
eliminated respectively. In group 3, A and D are E W y2)=Y +ﬁ+.ﬁ
Fig. 4.3.9

eliminated and finally we get
f (A, B, C, D) = ACD + ABD +BC

i Knowledge
TECHNICAL PUBLICATIONS - Aa up mrysl for

" Fig. 437 (0)
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Solution : F = ABC+BCD+ABCD+ABC

F = BC+BD+ACD

\

[or]]
[ell

Fig. 4.3.11

Examples for Practice

Example 4.3.12 :  Simplify following logical expression using Karnaugh maps

Y=ABC+ABC+ABC+ABC+ABC [Ans.: Y =AB+0C

Example 4.3.13 :  Simplify the following function
f1(A,B,C,D)=Ym(0,35,6,9 10,12, 15 ).
‘ . ' [Ans. : (A ® B)®(COD)

Example 4.3.14 :  Simplify the following function
" fBABCD=Ym(0,1,2 311,12 14 _
s [Ana.:K»l_3+ABl—)+BCD]

‘Example 4.3.15 : Simplify the following using K-map.

X =A'B+ A'B'C + ABC’ + AB'C’ {Ans. : X = AC+ Bl

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

lm Essential Prime Implicants

After grouping the cells, the sum termg iy
‘ prime implicants groups, Which aPpear in the K-map are called
. It is observed that some cellg may appear in on
while other cells may appear in more than one
. In Fig- 437 (¢), cells 1, 4, 9 and 10
These cells are called essentia]
essential prime implicants,

m Incompletely Specifi

o In some l.ogic cireults, certain _inp‘l“ conditions never occur, therefore the
conespondfng output never appears. In such cases the output level is not defined
it can be either HIGH or LOW. These output levels are indicated by X' or °d' “'\

the truth tables and are called don't care outputs or don't care conditions or
incompletely specified functions.

Ty One prime implicants group;
Prime implicants group,

o onl}.z One prime implicants group.
esponding prime implicants are called

appear
ells and corr,

ed Functions (Don't Care Terms)

As shown in truth table given by Table 432,
outputs are defined for input conditions from
000 to1l0 1. For remaining two conditions
of input, output is not defined, hence these are
called don't care conditions for this truth table.

* A circuit designer is free to make the output
for any "don't care" condition either a ‘0’ or a
‘1" in order to produce the simplest output
expression. ) ’

43.2.1] Describing Incomplete Boolean Function Table 43.2

* We can describe the Boolean function using either a minterm canonical forgmla or
a maxterm canonical formula. ) ) . .
In order to obtain similar-type expressions for incomplete Pc')olean funcnons e
use additional term to specify don't care conditions in the original expression. i
is llustrated in the following examples.

In expression, '

fAB0) =Y m@©24+d@5

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Digital Fundamentals -

minterms are 0, 2 and 4. The addition

o This terms specifies that outputs for minl

these are don't care conditions.
'V Letter d is used to indicate don' )
« The above expression indicates how to represen

minterm canonical formula. In

tions in the maxterm canonical formula. For example,

condi

+Combinational Digite, ’>CI
ey
al term d(1, 5) is introduced to g5 .
the don't care conditions. terms 1 and 5 are not specified angq
't care conditions in the expression.

don't care conditions j,
the similar manner, we can specify the dony .

£A,B,C) = IM (257 +d(L3)

Don't Care Conditions in Logic Design

e Consider the logic circuit for an even

parity generator for 4bit BCD number.

The Table 4.3.3 shows the truth table forr

even-parity generator.

o The truth table shows that the output for

last - six input conditions cannot be

specified, because such input conditions

mimriolojoio|jo|loico|oip

does not occur when input is in the BCD.
form. .

e The Boolean function for even parity
generator with 4-bit BCD input can be
expressed in minterm canonical formula
as,

f(A,B,C,D) = Y m(1,2478)

+d(10, 11, 12, 13, 14, 15)

Minimization of Incompletely Specified Functions
e A circuit designer is free o make the output for any
don't “care condition either a 0' or '1' in order to
) produce the simplest output expression.

" o Consider a truth table shown in Table 4.3.4. The K-map
for this truth table is shown in Fig. 4.3.12 with x placed
in the ABC and ABC cells.

e It is not alWays advisable to put don't cares as 1s. This
is illustrated in Fig. 4.3.12 (b). Here, the don't care

|loloim|mirinloloiolowl.

cjoiminiciolmrimicoloif

oirjoinlolriolr|oirioly

Table 4.3.3 Truth table for even parity
generator with 4-bit BCD input

Table 4.3.4

TECHNICAL PUBLICATIONS"- An up thrust for knowledge -
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7 output for cell ABC i - Combinatonal Diit! Circuits
00 01 1 _

taken as 1 to form a-
uad and don't care
output for cell ABC js
taken as 0, since it is not
helping any  way o

reduce an  expression, o
. don't Fi|
Using care 9. 4.3.12 Use of don’
r : . 't
conditions in this way we get the simplified Bog care conditions
Y=C 00lean expression as

It is important to decide which donty cares
produce .the best K-map grouping (i.e. the

|||ustrative Examples
—
'F 2
(4,

to change 1o 0 and whi
Siml)lest expression), ch to 1 to )

[

Solution :
Cb €0 cb b

ABCD 00 01 1 10 CDEOE ‘E:’ ‘310 ?8
AB 00 xbrl 1, X, 75 0l J. i .
RBot| x| o 1 o"s- xeot] o] o el o
AB M 012 o13 1‘5 o14 ag 1] o l I 51 o
AB 10| 0] 0| 1| 'o‘0 SR UE

Fig. 43.13

¢ To form a quad of cells 0, 1, 2 and 3 the don't care gqndiﬁons 0 and 2 are
replaced by 1s. : o

* The remaining don't care condition s replaced by 0 since it is not required to form
any group. With these replacements we get the simplified equation as

f(A,B,C,D) _ AB "~ 4+ CD

Group 1 Group 2

-
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Solution : X . ) 2
e The minterms of the given function are marked W'lthylzs in the map of Fig 4 31
w00 01 1 10 ' WX\, 00 01 11 10
} R | 3
00| 1 1 0] 1 i g 1
Xz (1 1]
o1 DR onfCl 111 1
1 1]4 " 1] on
L Thy
0] 1 1 10
10] 1 1 - -
(@ f(a,b,c.d)-ab+bd+bd (b“(a’b‘c'd)‘sb"bcq.sa n .
Fig. 4315 (©)Habc.d) =33+ ba+5g

(b) Prime implicants
wxandwz

(a) Essential prime implicants
EEand = Fig. 4.3.14

The Fig. 4.3.14 (a) shows two essential prime implicants.
The term xz is essential because there is only one way. to include mintermg m,

and m;5 within four adjacent squares.
There is only one way that minterms mg and mjp can be combined with fo

-

>
>l
wl]

adjacent squares and this gives second term Xz.

The two essential prime implicants cover eight minterms.

The remaining two minterms, my and mg must be considered next.
The Fig. 4.3.14 shows the two possible ways of including remaining two minterny

cD
F=AB+CD
Fig. 4.3.16

with prime implicants.
Minterms m4 and mg can be included with either wx or w z.
The simplified ‘expression is obtained from the logical sum of the two essentid
prime implicants and any one prime implicant that includes minterms m4 and mg |-
' There are two possible ways that the function can be expressed in the simplified

form :

D7 ol

Solution : .
e As shown in Fig. 4.3.15 the given example has three solutions and all are corred

Students are expected to give arly one solution.

3 M.m'ks

.
UGy + 7).

sOlu 1 . - o
Hon : F = %+ Wxy + w(ky +x7)

F = Rz4Wxy+wiy +wxy

TECHNICAL P \T7 ) wiedge
INICAL PUBLICA JONS - An up thrust Inrknov
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Solution : F = w§+;z+wz+;z

vz .
WX 00 ,01 11, 10
00 X
01 o
F=wXy+y
1
10 |
) ' .
Fig. 4.3.19

Bl Examples for Practice

Exa.mple 4.3.23 : Simplify the following switching function using Karnaugh map
F(A,B,C,D)=X (0,5,7,8,9,10,11,14,15)+¢ (1,4,13).

[Ans. : BC+BD+ Al

‘Example 4.3.24 : Determine the minimal sum of product form of

F(w,%,y,2)=Zm (4,5,7,12,14,15) +d (3,8,10).

[Ans.

:;x;+m"'“]

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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. ‘ — Combinational Digital Circults
Re :

1. Give the steps for simplification of 50p expression.
2 What do you mean by essentigl prime implicants ,'
3, What is don't care condition 7 e

n simplification of POS Functiong using K-m
| aps

., In Pracﬁce, the designer should examine bogh,
sums reductions to ascertain which is more 5impliﬁed
, Once the expression is plotted on the :

ones, we have to make groups of zergs,

the sum of products an

d product of

K-map instead of making the groups of
+ Each group of zero results a sum term ang it Jthin
The technique for using maps for POS reduyc _ons“?s : :,:,:ult the prime implicant.
and it is similar to the one used earlier. ple step by step process
1. Plot the K-map and place 05 in those cells cq ing 1o
ITes
table or maxterms in the product of sums e; ponding to the 0s

Xpression.. .
2. Check the K-map for adjacent 0s and encircle th

0se Os whi i
to any other Os. These are called isolated (s, i e ok adjioect

3.. Check for those 0s which are adjacerit to only one other 0 and encirle such
pairs. :

in the truth

Check for quads and octets of adjacent 0s even if ! it contains some Os that

have already been encircled. While doing this make sure that there are
minimum number of groups. : L ' d

5. Combine any pairs

necessary to include any Os \that have not yet been
grouped. ) | ;

6. Form the simplified POS expression for F by taking “product of sum terms of

all the groups. T )
- To get familiar with these steps we will solve some examples.

llustrative Examples ; s P P
Example 4.4.1 1

T L bD i \
Solution: (A +B+C)=M,,(A+B+C)=Ms, ‘
(A+B4+T)=M,, @+B+C) =M, : ,
(A+B+C)=M0 d R |

: X knowledge
TECHNICAL PUBLICATIONS « Anup thrust for
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Step 1: Fig, 441 (a) shows the K-map for three

Combinationaj Dlg,'hl o

BCB+C B+T
00 01 B“’ B*c

variable and it ls plotted according to given “aol o .
maxterms. . 2

. 21) 0 |
Step 2 : There are no isolated 0s. A 4

Step 3 : 0 in the cell 4 is adjacent only to 0 in the

" cell 0 and 0 in the cell 7 is adjacent only to 0 in the
cell 3. These two pairs are combined and referred to
as group 1 and group 2 respectively.

Step 4 : There are no quads and octets.

Step 5: The 0 in the cell 1 can be
combined with 0 in the cell 3 to form a Group i_:A:C_
pair. This pair is referred to as group 3. BCB&? 56?/ BiC BiS

Step 6 : In group 1 and in group 2, A
is eliminated, whereas in group 3

Fig. 4.4.1 (b)

variable B is eliminated and we get, Kot
= (B+C) (B+C)(A+C) Group1—B+C

Fig. 4.4.1 (c)

(A+B+C+D)=My,, (A+B+C +D) =M, (A+B+C+D)=Mg;

(A+B+C+D)-M8,(A+B+C+D) M6,(A+B+C+D)—M7
(A+B+C+D)_Moand(A +B+C+D)=Ml3

. CD c+D c+D C+D C#
. Step 1: Fig. 442 (a) shows the K-map for four AB 00 01

variable and it is plotted. din, i 5
able and it is plotted according to glven maxterms, A+B 00] o \
" A+B 01 p N
Step 2: There are no isolated Os. - =
A+B 11| 0
12
A+ 10| 0
8

9
Fig. 4.4.2 (a)

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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0 in the cell 0-is adjacent o

3: ¢ L . nly to 0 in g,
toP is pair is combine e
fe 18 This P d and referreq to ag Nfb c+(|J:> C+D TD Gip
gro“f’ 1. 01 11 10

. There are two quads. Cells 12, 13, 1
;14 ang
Slefl; a quad 1 and cells 6, 7, 14, 15 forms 2 quad
15 ese tWO quads are referred to as group 2 and
ouP 3, respectively.
&
_ Fig. 4A2(b)
: Group 1 (B+c4p

5: Al 0Os have already ® ciofors o )C‘D

iyee“ grouped~ ABN 00 of 110

otop 6 In 8TOUP 1, variable A O e .l Group 3 (54T
eliminated. In  group 2, e { i

variable C and D are eliminated

and in group 3 variables A and

D are eliminated. Therefore we

get simplified POS expression as,

y=(B+C+D)(A+ B) (B+0)

i 443 [
U f(ABCD)=I

: co R
tion : C+D C+D TH T
Salutioe: N\ G % 9P %8
Step1: Fig. 443 (a) shows the K-map for four mBoof ol |0 sl 0
varibles and it is plotted according to given A 01 \
maxterms. . S L S
mEtifo ool
vR*B 10 ols 09 1| 1l
Fig. 443 (a)
Step 2:  There are no isolated Os. €D c+D ¢+D C+D G+D

ABN_ 00 01 11 10

ABOO| 0 | 0:].0

X101 I N

Step 3 The 0 in the cell 15 s adjacent only to 0 in

the cell 13 and 0 in the cell 3 is adjacent only to 0 in
e cell 2. These two pairs are combined and referred.  gp10 00 % ul 4
0 &roup 1 and group. 2, respechvely ] . Fig. 443 (b)

AB1| 0 1O | O}

1 Knowledge
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Digital Fundamentals

Step 4: The cells 8, 9, 12 and 13 form a quad

which is referred to as group 3.

Step 5 : The :émmngomthe cell 0 is combined
with the 0 in the cell 2 to form a pair,

which is referred to as group 4.

Step 6 : - In group 1 and in group 4

variable C is eliminated. In group 2 variable.
D is eliminated and in group 3 variables B
- and D are eliminated. Therefore, we get

simplified expression in POS form as,
f=(A+B+D)(A+B+C)(A+C)(A+B+D)

Example 4.4.4

S

Solution :

Combinationaf D’U'fel ¢
i

5P CD D Tup

P c+p 4B TB/aup

Group 4 — (A+B+D)

" Rules for simplifying logic function using K-map are :

C+D C+D C+D C+D

F=(A+B)(C+D)(B+C+D)
Fig. 4.4.4

TECHNICAL PUBLICATIONS™ An up thrust for knowledge

i ital ,:undsmsn{als 4ots b .
amples for Practice ' Combinational Digital Circuits *
EX

mple 4.4.5 : Simplify the fol1yi,
Exa Fw, x, y, S

Boolean

D=nM(4,s5,q Juction fo iy POS form

7 8 12) 4+ 4 (1,239, 11, 19)

mple 4.4.6 : Reduce the folloy; . ' .t 3 5 i
Exemp F(A B C) = ing furiction using Kmgy (w x)‘(w +y+12)

M0, 1, :

447+ Soloe the following e ) e T AR+ DB
gxample 44.7 1 z Jollowing USIng minimization tegh; o ]
w2 W LT Sl
| +D) (A+B+C)(§'+T:+D)(K+E+B) (K+B+c+bl i
L’}ﬂﬁwf _f‘" simplification bof Pos;ession. R

m summary of Rules for K-Map Simplification

1. Group should not include any cell containing a zero,

The number of cells in a group must be a Ppower of 2, guch as1,2,4,8or16.
Group may be horizontal, vertical but not diagonal.

Cell containing 1 must be included in at least one group.

Groups may overlap.

. Each group should be as hrge as possible to get maximum simplification.

. Groups may be wrapped around the map. The leftmost cell in a row .may be
grouped with the rightmost cell and the top cell in a column may be grouped with
the bottom cell. : : ’ 8 g

N e woN

[=

. A cell may be grouped more than once. The only condition is that every group
must have at least ane cell that does not belong to any other group. Otherwise, :
redundant terms will result. > ’
We need not group all don't care cells, only those that actually contribute to a
maximum simplification. :

10. All above rules are stated considering the SOP simplification- In case of POS

" simplification all rules are same except 0 (zero) takes place of 1 (ore)-

Review Question

-1 State the rules for K-map simplification.

o

) . nowedge.
TECHNICAL PUBLICATIONS - Anup thrust 10(
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X3 Limitation of Karnaugh Map
i i ion is convi i 26k
’ cIl.::sT\?: :(zzhe;dﬁ(zrfesgpslilfcz the number of variables m'cré.:a.ses it is difﬁ.cuhli
make judgements about which combinations form ;he ‘:“_'m:‘hn“g;texplfesslon
case of complex problem with 7, 8 or even 10 variables it is an l'mp"SSible
task to simplify expression by the mapping method. .
e The K-map simplification is manual technique and simplification process is heayy,
depends on the human abilities. .
To meet this need, W.V.Quine and E.J. McCluskey developed an exact taby),
method to simplify the Boolean expression. This method is called the Quine McClusk!y
or tabular method.

Review Question

I 1. Explain the limitations of Karnaugh map.

Realizing Logic Function with Gates
GTU : Dec.-11, 12, 13, May-12, 13, Summer-

enient as long as the number of Varig,

15, 16, 18, Winter-14, 15, 13

e The Boolean algebra is used to express the output of any combinational network,
Such a network can be implemented using logic gates.

Implementation of SOP Boolean Expression

e Consider the Boolean expression
F = AB+CD+BC A

e In this expression, we have B
C

three product terms with 2

literals in each product : . F=AB+CD+B-C
term. D—>o
e We can imi;lement these B->o

product terms by using c
three 2-input AND gates, as Fig: 4.7.1 Impl
shown in the Fig. 47.1. _ i

* Expression tells that these product terms should be ORed to get the output F.

* We have ‘three product terms so we have to use 3-input OR gate to obtain the
sum of products.

of SOP Bool pressi

o Literals are complemented using NOT gates.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

damentals

pigitel 22 g 4-47
- Combinatio, P P
ementatio ational Digital Circuits
@ Impl n of POS Boolean ExPresslon .

. consider the Boolean expression

F = (A+B) (B+C) C+D+F
In this expression, we' A
have three sum terms B8
with 2 literals in two
terms and 3 literals in
one term.

oo

F=(A+B)E+C)T+D+E)

We can implement
these sum terms by

mooO

i C+ D+
using two 2-input OR Flg. 47.2 oy E
gates and one 3-input ’ of POS Bool
OR gate, as shown in the Fig: 472,
« Expression tells that these productters shold be ANDed fo gt the tput F
® oufput k.

We have three sum terms so we have
product of sums.

to use 3-input AND gaté to obtain the

o Literals are complemented using NOT gates.

¢ In the previous examples we have seen that simplified SOP B i
P 4
can be implemented using AND-OR gates, ¥ Boclean expression
o The AND-OR implementation is a two level implementation. In the first level we
implement all product terms using AND gates and in the second level all product
terms are logically ORed using OR gate. 3
¢ In case of POS expression we use OR-AND impl ion. Here, we impl
all sum terms using OR gates in the first level and all sum terms are logically
ANDed using AND gate, to get product of sum, in the second level.
¢ The logic gates are available in the Integrated Circuit (IC) packages. When we
implement logic circuit using basic gates, we require ICs for AND, OR and NOT
gates. A ms'
* Many times it may happen that all gates from the B .m
IC packages are not required to build the circuit
and thus remaining gates are unused. c @
- * Consider a combinational circuit which requires 0
tWo 2-input AND gates and one 2-input OR gate as
shown in Fig. 4.7.3,
" , , inout AND gates) and IC
To implement such a circuit we require IC 7408 (Four Dt )
7432 (Four 2-input OR gate). '

Y

Fig. 473

TECHNICAL PUBLICATIONS ™ An up thrust for knowledge
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ntals
Combinational Digjte, o

- : ; 1) The given Boolean fyes - « Combinational Digital Circutts
R ton * function jg >
o When we use these two ICs we find that two 2-input AND gates are unygyy 5ol Ty
three 2-input OR gates are unused. Thus, the utility factor is very poor. g : Y +XY +§z
. . —_—
o The utility factor can be increased by using universal gates to implemen, log, = ) &7)(Tz)
a3 o~ TR BHONMUOMNSNINANE » ; = W
A Example 4.7.1 For. D W\\\\i\\@n@t\@w}\;\ —_
E(A:5,C 2. 3.5,7,12)+ 24 (6,13, T EDEG
cD
Solution : AB 00 01 11 10
‘ o T — e §|7 b_%?
F='AB+BD+KC . 01 1 1] X 8D x v z
i [[X[X]] X AB 1 |
Implement using SOP circuit 10 ]
: . .
4 A F
B -
g F .
Fig. 4.7.6 Logic dlagram using OR and NOT gates
A
[}

Fig. 4.7.4
Implementation using POS circuit

F = F= AB+BD+AC = AB-BD-AC = (A +B)-(B+D)(A +C)

A B o] D

Fig. 4.7.5

Z

2) F = xy+Xy+yz

Xy +Xy +yz = (E)(;(};)@

X z

x|
<i

Fig. 4.7.7 Logic diagram using AND and NOT gates

IONS™ wiedge
TECHNICAL PUBLICATIONS - Anup thrust for knob
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xyz +Xy'+ xyZ

1
c
Fig. 4.7.11

b @Ts A f | erampe 73

by using logic

Fig. 4.7.12

Solution :

(A+B)(A+B)
Implementation

) F=xy+xy+yz

LF=y+xz+wz

Fig. 47.43
Xy + Xy +yz :

Definition : A state machine is a device which can be in one of a set nyurmber of
stable conditions depending on its previous condition and on the present values of its
nputs.

Fig. 4.7.10

. - o
TECHNICAL PUBLICATIONS ™ An up thrust for knowe, g TECHNICAL PUBLICATIONS - An up thrustfor knowled
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Example 4.7.6 1 Minimi ing . ' n AND function can be generateq '
P AR Jy NAND gates. It is’
gates. 01,23578% 11, 14). Lsing only M gates. It is generateq by
fld.B,C,D) = om0 12 3% o ply inverting output of NAND gate; j ¢
. R ) S| . =
[Ans.:AD+ B.C+ BD+ABf ABCI\J] = _ AB. Fig. 47.15 shows the two input
K-map technique and i’"”lemem AND gate using NAND gates, .

A AB = —
O™ = sy B,
B . B =

Fig. 4.7.15 AND function using NAND gates

Example 4.7.7 :  Reduce the following function using
using gates :
F(A, B, C D)=

the following expression using K-map and implement it Using

om0, 1,4 8, 9, 10)+d(2, 11). [MS-=3C+EB+A§]

Example 4.7.8 : Minimize

basic gates.
i) F(A, B, C, D) = S,m(l, 4, 8, 12,13, 15)+d(3, 14) - Function : | :
i) F(A, B 7,9, 10, 11, 15)+4d(2, 3, 5). o
i) HA, B, C, D) = Yym(1, 7, 9,10, 11, 19)+d(2, 3, 5). - O function is generated using only NAND gates 25 follows
. [Ans.:)) ABD+ BCD + ACD + AB, i) BC+ BD.+ expression for OR gate is D ] ws : We know that Boolean
Example 4.7.9 1 For the following function implement the SOP and POS circuit. Y = A+B

F(4, B, C,D)= Ym (235 7+ d (6131415
. +

GTU.: Dec.-12, Marks 10 =
= A'B

[Ans.:F=BD+ACandF=(4) (C+D) (A+B +(

[l
>
wil

[a=a)

|

DeMorgan’s theorem 1

The above equation is implemented using only NAND gates as shown in the

Universal Gates Fig. 4.7.16.
" o The NAND and NOR gates are known as universal gates, since any logic function . A = — A—d —
can be implemented using NAND or NOR gates. ) . Y=A'B = B Y=A'B
NAND Gate . ' ° A -
* The NAND gate can be used to generate the NOT function, the AND function, the = Y=R-B=A+B
OR function, and the NOR function. . B
NOT Function : Flg. 4.7.16 OR function using only NAND gates

An inverter can be
made from a NAND
gate by connecting all
of the inputs together
and creating, in effect, a
single common input, as
shown in Fig. 4.7.14, for
a two-input gate.

>
©w
&l

Fig. 4.7.14 NOT function using NAND gate Table 4.7.2 Truth table

An up thrust for knowledge
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NOR Function : .
NOR function is generated using o
Boolean expression for NOR gate is

nly NAND gates as follows : We knoy, ty
. . ;

DeMorgan’s themenlz

[As
: . - =y
The above equation is implemented using only NAND gates, as shown j, i
Fig. 47.17. _
- A
A A

B

Fig. 4.7.17 NOR function using only NAND gates

'AIB A:iB AB

= o= o o

= o = o
o o o =

NOR Gate
o The NOR gate is also a universal gate, since it can be used to generate the NOT,
AND, OR and NAND functions. ;
NOT Function :

An inverter can be made from a NOR gate by connecting all of the inputs together
and creating, in effect, a single common input, as shown in Fig. 4.7.18.

A B A+B

Fig. 4.7.18 NOT function using NOR gate-

:“ TECHNICAL PUBLICATIONS™ An up thrust for knowledge
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oR FY

pm""m e
ation : . %blnaﬂanal Digital Circuits

function can be gene ot
o cting output of riokrated 8 only NOR gy, - =
o inve i NOR saion. gate; ie. Ayp - T o It can be generated by
§ using ) = i
Wut OR gate 8. et gates, B. Fig. 4719 shows the .two

A+B

DD Y B D\*B[’ |
B f Y=A+B=A+B

Fig. 4.7.19 oR function using NbR gates

Table 4.7.3 Truth table
AND Function : | |

AND function is generated using onlyNOR 1t ows : Wi 3
gates as foll H W
i . i - e know that Boolean

Y A-B

I
>l
wil

A= 4]

+B

]
»>|

' De-Morgan's theorem 2

The above equation is implemented using only NOR gates as shown in the Fig. 4.7.20.

A

A Lo,

A+B ' o e
53 A ===

— Y=A+B
= BD—

w|
1

B l’-

Fig. 4.7.20 AND function using NOR ggtss

C
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Table 4.7.4 Truth table

. NAND Function :

NAND function is generated using only NOR gates as
Boolean expression for NAND gate is

follows : We knoy, thy

Y = A-B
= A+B DeMorgan’s theoren |
T - = A+B [A= A

The above equation is implemented
Fig. 47.21.

using only NOR gates, as shown in g,

A

|

A|B|A+B|A+B
0 0 1 0
0 1 1 .0
1 0 1 0
1 1 0 -1

Table 4.7.5 Truth table

TECHNICAL PUBLICATIONS ™ An up thrust for knowledge
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Eﬂ NAND-NAND Implementation °°""”"°”°f=l Digitel Circuits

jmplementation of a Bog] .
The imP'¢ o0 o @ Boolean function yig,
* e function be simplified in the sum of Product :::mND "NAND logic requires that

e relationship between AND-OR

lo
’ using following example.

ic ANT
v NAND logic- is explained .
. Consider the Boolean function : Y = ABC 4+ DE 4 5, .

is Boolean function can be implemen . . )
ted
" Fig 4722 #6ing AND-OR logic, as shown in

m MmO QOw»

(a) AND - OR (b) NAND - bubbled OR

) (c) NAND-NAND
Fig. 4.7.22 NAND-NAND implementation -

+ Fig. 47.22 (b) shows the AND gates are replaced by NAND gates and the OR gate
is replaced by a bubbled OR gate. The implementation shown in Fig. 47.22 (b) is
equivalent to implementation shown in Fig.47.22 (a), because two bubbled on the
same line represent double inversion (complementation) which is equivalent to
having no bubble on the line. : . ?

o In case of single variable, F, the complemented variable is again complemented by
bubble to produce the normal value of F. ) :

In Fig. 4.7.22 (c), the output NAND gate is redrawn with the conventional symbol.

The NAND gate with same inputs gives complemented result, therefore ¥ is

replaced by NAND gate with F input to its both inputs. Thus all the three

implementations of Boolean function are eguivalel\b :

Rules for obtaining the NAND-NAND logic diagram
L Simplify the given Boolean function and express it in sum of product f°_m

" (SOP form). . . ; '

2 Draw a NAND gate for each product term of the funcﬁc:; ﬂ::m mm::ozzuﬁ:;
literals. The inputs to each NAND gate are the literals of the term.

a group of first level gates. .

3 1 Boolean function includes any single literal
single literal and connect corresponding literal as

or literals draw NAND géte for each

an input to the NAND gate.

' An up thrust for Knowledg®
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4. Draw a single NAND gate in the sec
first level gates.

lllustrative Examples

ond level, with inputs coming from Outpy,

Solution : Step 1 : Simplify the given Boolean function.
Y = AC+ABC+ABC+AB+D
AC+BC(A+A)+AB+D =AC+BC+AB+D

Step 2: Implement using AND-OR logic. ~ Step 3 : Convert AND-OR logic ¢,
: , » NAND-NAND logic.,

[}

O > 0w oy
D> Ow O>

o

“Fig. 4.7.23 (a) Fig. 4.7.23 (b)

Example 4.7.11 9

Solution :

Step 1 : Implement Boolean function
with AND-OR logic.

Step 2 : Convert AND-OR logic to
NAND-NAND logic.

B
B
A
c

o> wm »

O wl
O w|

Fig. 4.7.24 (a)

Fig. 4.7.24 (b)

pundementels
cl

Ml I & Lz
Step 1 : Simplify the given BOOlean :
' . 1u‘”‘:‘h‘)ﬂ.

C
1 AN 00 01 4 10
Jaonn
110 f4 0o
BEN Fig. 47.25
F = AB+AC+BC
" 2 : Implement Boolean function S
1 : <
S ™" ith AND-OR logic, 3 fo‘"g“‘ A§'>0R logic
2 AND-NAND logi 3
» ;_\ ogic.
g B
A 13 A
c ¢ F
B B
o] Cc
" Fig. 4.7.26 (a) Fig. 4.7.26 (b)

7

Example 3

Solution : The Boolean expression, for EX-OR gate -~ A

is:Y = AB+AB 8
We can implement AND-OR logic by using

NAND-NAND logic as shown in Fig. 47.27 (b). g -

Fig. 47.27 (b)

- Knowledge
TECHNICAL PUBLICATIONS ™~ An up thst for ;
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D

Solution :

A
B

wI>|

Fig. 4.7.28

cD

ABN_ 00 01 11 10
00 71} b
01 111 " H—— 0D
1 i

TECHNICAL PUBLICATIONS™- An up fhnist for knowledge

|
1]
/]
[

[]

i

Example 4.7.

TU : Summer-16,

Solution : .
BC
AN 0 11 10
= TFRY-—C
0 L —7e
1)) 1 l_
AB
#F=C+AB+AB
~ Flg. 4730
We can implement AND-OR logic with NAND-NAND logic.

Fig. 47.31

Note : For ¢ input two inversions get cancelled.
. up st for Knowledgs <
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Examples for Practice

Example 4.7.20 :

Example 4.7.18 :  Simplify the following Boolean function using K_-map and :mpz@'

the same using only NAND gates © - _ _
F(A B, C D) =D+ ABC+ ABC+ ABCD. .
[Ans.: Y= W)(K\E)]

Exa'mple 4719 : Minimize the following equation using K-map and realise it Using
NAND gates only :

Y=Ym4,5 809 11,12, 13, 15) [Ans. ¢ y éml
Minimize the given function using K-map and  implement using
NAND gates only.

i) F(A, B, C, D) = Y,m(1, 3, 7, 11, 15)+d(0, 2, 5, 8,14)

ii) F(A, B, C, D) = Y,m(0, 1, 2,:3, 6, 7, 13, 15).

[Ans.:i)) AB+CD, i) AB+AC+ ABp)

NOR-NOR Implementation

e The NOR function is a dual of the NAND function. For this reason, th
implementation procedures and rules for NOR-NOR logic are the duals of the
corresponding procedures and rules developed for NAND-NAND logic.

e The implementation of a Boolean function with NOR-NOR logic requires that the

function be simplified in"the product of sum form.

e In product of sum form, we implement all sum terms using OR gates. This

constitutes the first level. .

o In the second level all sum terms are logically ANDed using AND gate. The

relationship between OR-AND logic and NOR-NOR is explained using following
example. i

o ."Consider the Boolean function: Y =(A +B+C) (D +E)F
o This Boolean function can be implemented using OR-AND logic, as shown in the

Fig. 4.7.32 (a). -

e Fig. 4.7.32 (b) shows the OR gates are replaced by NOR gates and the AND gate

is replaced by a bubbled AND gate. The implementation shown in Fig. 4.7.32 ®

. MO Qw>»
mo Ow>»

m
-n

(a) OR-AND

(b) NOR-bubbled AND
Fig. 4.7.32

(c) NOR-NOR

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

tals .
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p 2
is equivalent to mplementaﬁbn i - Combinational Digital Circuits

i 'Wn in Fj
the same line represent double N 8 473
having no bubble on the Jine, inversion (comPlEmen‘ tg::’o:)ec :}:-s:htﬁo bubbled on
a is equivalent
In -case of single variable, E, Savesnit

the
pubble to produce the norma| complementg,

d .
value of F, Teckle 3gain complemented by

replaced by NOR gate with F inp
implementations of Boolean function are equivaly
ent.
pules for obtaining the NOR-NOR logic dlagram
L Gimplify the given Boolgaﬁ function
(POS form). :
2. Draw a NOR gate for each sum term of the funch :
The inputs to each NOR gate are the literals of themt\ert::t'l'}l\ua'ss tw'o ‘:“' o o
first level gates. M T i

and express it in product of sum form

3. If Boolean function includes any single literal or lite
single literal and connect corresponding literal as an

4. Draw a single NOR gate in the sec \
first level gates.

lllustrative Examples
Example 4.7.21; Biab

rals, draw NOR gate for each
input to the NOR gate.

Qnd level, with inputs coming from outputs of

Solution : Step 1 ¢ Express Boolean function in POS form.
Using duality theorem we get, -
Y = A+0)(B+O)(A+B)D -
Step 2 : Implement Boolean function " |
with OR-AND logic.

Step 3 Convert OR-AND logic
to NOR-NOR logic.

ol m o>l

o w>» ol o o>
wl >l

ol

Fig. 4.7.33 (a)
z ' An up thrust rarkmM‘d?'? ]
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Exmple 4.7.22 §
E=@ \“\§ A\
Solution : Step 1 : Simplify the given
Boolean function:

F=(A+B)C .

Flg. 47.34

Step 2 : Implement Boolean function with ~Step 3 : Cpnvert OR-AND logic o
OR-AND logic. NOR-NOR logic.

FA?E—_,—LDVF
c ¢ ,

Fig. 4.7.35 (a) Fig. 4.7.35 (b)

@ >
w >

SRR

1>

S— i A = L
Solution : The Boolean expression for EX-NOR i :
gate is : . B
Y = AB+A B=AB+AB v
= AB-AB=(A+B)-(A+B)
B

Fig. 4.7.36 (a)

We can implement OR-AND logic by using
NOR-NOR logic, as shown in Fig. 4.7.36 (b).

s> —

@ >|

i

Example 4.7.24 |

T

Solution : Booleanvexpression of EX-ORgate Y = AB + AB= AB+AB

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

pighel -

ndamentals

Example 4.7.25 | I
T

Solution : i)

CcD
ABN_00 01 11, 10
oo| x| BP
- = BD
01 14X 1
"1 Xl F=BD+BD

X ¢ Knowledge
TECHNICAL PUBLICATIONS - An up thrust for .
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ii) We have,

Example 4.7.26 Drazv th

C -+ AB(

Solution :

Express the func

F

e ]

el

F

1

(B+D)+(B+D)

Pa—

—_—

Ol

_—

=(B+D).(B+p)

Fig. 4.7.38 (b)

or followinie

).

ABC+AB(C+D)
ABC+ABC+ABD

tion F in POS form. Using duality theorem, we get,

F = (A+B+C)(A+B+C)(A +B+D)
Logic diagram
A

B

C D

Fig. 4.7.39

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

’Cu}h

(§+D)+(5+5).

golution =~

K-map Simplification

CDc+D C+D T+D Tp

A+B

0

F=(A+B)
Fi

(B+D)(B+C)(A+T)
g. 4.7.40

Fig. 4.7.41

s

Implementation using NOR gates

Solution :
CD e
AB\_ C+D C+D C+D C+D
A+BT ()\X 0
H
A+B | I ,OJ: 0
A+B
A+B |
Note : POS function can be - s ‘ S
e (E Y E) (A+D) implemented by NOR-NOR logic ] i
=A(B+C) A | ‘
Fig. 4.7.42

ONS™- An up thrust for fnowledge
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e
= (a +'b+c)(a+b+c)
S 4
i ol

: Winter- = -
F Solution * ) : ter-14, Marks 7 |
| F(A B CD) = Zmd,35809 1 195+ 40, 13')
= nM(0, 4, 6,7, 10, 12, 19)+40, 13
cb i
AB oo. o1 11, .10 w0 o5 5 T
Fig. 4.7.43 of | ) 1« s —
(R ~
Note : AND -OR logic can be directly implemented by NAND-NAND logic. i o1 41 A+B
' o %
Implementation using NOR gates 1 ’ #E| o
a b c ) = . e
| | g =L
. F=ABC+AD+CD+BD F=(A+D)(B+D)(C+D)(A+B+T)
| TE 3 _ : : , ok
. ) Fig. 4.7.45 :

Fig. 4.7.44

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Implementation using NOR.g D =
D-Gates - ate, _ — i
Implementation using NAN. * A B c D ) Y = AB+AB Combinational Digital Circuits
A B c D . Y - A®B :
. Three input Ex-OR gate :
. -
8 c . A
T B
1
] ] Y=RBe 4T ¢ D_Y
=5BC*KBE+A“ ) .
F SABOC)+ABoC gcc; ABC Implementation
f =A®BoC
Fig. 4.7.49,
—
—]
‘ Truth table .
Note : SOP function can be implemented Note =ir':g]§ ;\U:nctgznucsia:gbgo}? Skl Y = ﬁ BC+ABC+ABC+ABC i
ing NAND - NAND Iogi - ——
o Fig. 4 ;94166 Fig. 4.7.47 AB® O+AB®Q) 2

Y = A®@B@®C

The EX-OR Gate in Function Realization , Bour input Bx-OR gate

‘e In Ex-OR gate, the output goes high only if ODD number of inputs are high.
e Ex-OR gate can be used to implement the boolean functions presented b

following truth tables and K-maps.
o Two-input Ex-OR gate :

D

K -map Implementation
: i y=ABsAB :
y=A®B
Truth table Fig. 47.48 | ..
Table 4.7.6 Truth table ‘
| - . ¥ Ift;rkni;MédQQ
TECHNICAL PUBLICATIONS™- An up thrust for knowledge | ECHNIGAL PUBLICATIONS™ i
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K-map simplification - - A8 cD
Y = AB(@D+CD)+AB (CD+CD)

+AB(CD+CD)+AB(CD+CD)
= AB(COD)+AB COD) ‘
+AB(C®D)+AB CO®D)
- (AB+AB) (COD)+(AB+AB)(COD)
= (A®EB)(C®D)+(A® B) (CED)
= (A®B)®(COD)

B:,S:'D_Y
-

Fig. 4.7.50 (b)

Y= (A@B)(g(c@m
' Fig. 4.7.50 (a) -
Logic diagram _

ia
; ‘ﬁvol"es =

Review Questions

o
1. Define the following term : Universal gate. GTU &::Dec.-13, Mark |
2.. Why NAND and NOR gates are called universal gates.
3. ‘Using NOR gates draw inverters, AND and OR gates.
4.

Discuss NAND gate as universal gate (implement NOT, AND, OR and NOR gate using NAND

Summer-15, Marks 4
GTU ;' Summer-18, Marks 3

gate).
5. Implement NOT, AND and OR gates NAND gates only.

m Combinational Design Examples
' :

. |FXEH Introduction

o When logic gates are connected together to produce a specified output for Cef*?ﬁ'
specified combinations of input variables, with no storage involved, the result

circuit is called

combinational logic circuit. = e
* In  combinational logic  MinpU s

circuit, the output variables

are at all times dependent
on the combination of input
variables.

Fig. 4.8.1 Block diagram of a combinationfl :
circuit

o "Fig. 4.8.1 shows the block diagram of a combinational circuit.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

ndamanlals

gigtel P2 - 8 g
@ pesign Procedure Combinational Digital Circuits

, design of combinationa] circuity g
in a logic circuit diagram’ or

can be easily obtained. The

llowing steps :
1, The problem definition,
), The determination of numiber of a.vailable
yariables-
5 Assh gning letter symbols to input and output variableg
4, The derivation of truth table indicating the relat; .

tarts from the
a set of Boolean
dESign Procedure

o,
utline of fhe problem statement

fons from which the logic
of the combinational circuit

{nput Variables and required output

variables. onships between input and output
5, Obtain simplified Boolean expression for each output, :

6. Obtain the logic diagram.
[EH A Combinational Function Generator

o Here, the combinational circuit is represented by the relationship between its input
and an output variable or variables. The following examples illustrate the
procedure to design such combinational circuiits.

Example 4.8.1 Desigh a ; cémbx o

| alogic1 autputwhennfare

Solution : ' \

Step 1 : Derive the truth table for given statement, “\\

Given problem specifies that there are three |
input variables and one output variable. We assign. |
A, B and C letter symbols to three input variables
and assign Y letter symbol to one outpdt variable.
The relationship between .input variables and |
output variable can be tabulated as shown in truth |

Table 4.8.1,
| Table 4.8.1 Truth table

Step2: >0btain simph'ﬁed Boolean expression.
Now we obtain the simplified Boolean

_SPression for output variable Y using K-map
Smplification, ’

Y = AC+BC+AB Fig, 482 K-mep simplification

i K nowledge
TECHNICAL PUBLICATIONS - An up thrust for
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oy

Step 3 : Draw logic diagram.

In this chapter we are going to study various
combinational circuits using above illustrated design
method.

o> OO O>»

Fig. 4.8.3 Logic dlagnm

[exampie 4.2 o SIS I{'pie C and three data lines Dy.D; by
| When the control line s kigh, the circuit is to detect when one.of the data "‘"eshnsn:,}?

it No more than one data Line will ever have a 1 on it. When the control line i low, |
L circuit will output @ 0, regandless of what is on the data lines. 1

Solution : The truth table for the given problem is as shown below.

Table 4.8.2 Truth Table for given problem .
Y = CD3+CD2+CD1

K-map Simplification Logic diagram

1 Dy
CDADD 01 11 10 g
oo,o’o 0 . 3

c=0 c
o1fofo]ofo D,

D.
Of

1 {1 [ix |ixi] x g
= 1

10] o [i1 |ixi]| 11

Fig. 4.8.5
Fig. 4.84

CEEXXEEY Design circuit to detict v

| igate only. s

nd i ﬁlemeriﬂtﬁ usmg NAND :

e

pundamentel? 4-75

o . Truth table Combinational Digital Circuits
on't

0 4 ¥
; y.‘ ‘ Y V
0 4oi 1 0
/i 0 1 0 0
ja 0. Wl 0 0
6‘; 0 1 1 0
7 0 1 1 0
g 1ol 2
9”_}__,.2,_.&—-.-_‘_.*0__ Logic diagram
P 1 20 1 17 N
11 ’.1 0 1 ] B
12 1ogd . 2 1 Y
13101 0 it
B ot e
115 : : S 1 Fig. 438

AND-OR logic can be directly imp!

EOLWERY Design a comb

number as a input.

Solution :

i for knowledge
TECHNICAL PUBLICATIONS - Anup thrust
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Combinationa) D’F"ﬁl o

E=ABCD+AB+AD+AC

For G

01 g1

1 1 1

e

10

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

D

y
i /gaIFllndB"”"'EIs 4.7
pig m ] Combinational Digital Circuits
c diagra
Lod B c

D

A'is False, B is True
Ais False, C is True
‘A, B, C are False

GRS A combinationa

- following input combmatums '

- Winter-14,

X knowledge
TECHNICAL PUBLICATIONS - Anup thrust for 6
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Solution Truth table
ABCop 01 11 10 A% iz BiE 5y

s [E 1) ’ ‘ step 2 ¢ Obtain simplified Boolean eXpression,

lofo o Al 67 o A0 01 11' 10
F=A+BC F=(X+B)(K+c) ) ' 00__1 )l o [T

Fig. 4.8.8 oo,
i) Simplified SOP expression : F = A + BC olo g
0|0,

iii) Simplified POS expression : F = (A + B)(A + 9
iv) Implementation used 2-input NAND gates

Step 3 : Draw Logic diagram
A B c b

Yy

H

1]

Output
Y

Input

|

Fig. 4.8.11

Example for Practice

Example 4.8.7 : The inputs to a circuit are the 4 bits of the binary number D3DyD1Do.
The circuit produces a 1 if and only if all of the following conditions hold.

1) MSB is ‘1’ or any of the other bits are a ‘0" o |
2) Dy is a 1 or any of the other bits area [0°. 3) Any of the 4 bits are a 0.
Obtain a minimal expression for the output.  1Ans-: Y=D; +Dq+D;D;l

| = :

© Explain the design procedure of wmbmaﬁonilcxrmxts [ ——
N o
TEGHNICAL PUBLICATIONS”~ An up thrustfor k12 od

C D
0 0 1
0 1 1
1 0 1
1 1 0
0 0 1
0 1 0
1 0 0
1 1 0
0 0 1
0 1 0
1 0 0
1 1 0
0 0 0

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

Scanned by CamScanner



4-80 Combinationa) Digite) Ci,
Uity .

51'gital Fundamentals
m Quine MdCluskey Methdd of Function Realization _

- In simplification of Boolean expression we observed that the adjacent minte,
be reduced. These minterms are reduced because they differ by only one liter, R
example, ABC and ABC can be reduced because only the B literal differs, The b: t
numbers equivalent to these minterms are 110 and 100. Note that the 2's place indicq
precisely the same information that the literal represented, namely, that the B s the Ol%
literal that differs. Thus we can say that the minterms’ whose binary equivalent diffy
only in one place can be combined to reduce the minterms. This is the ﬁmdamem:

principle of the Quine McCluskey method. .

Like in other methods, in this method minterms are listed to specify the ivey
function. However, the minterms are written in their binary equivalents, Thege
minterms are grouped according to number of 1s contained and separated by , (columnt
horizontal line between each _number of 1s category, as shown in the Table 49
. (column (b)). This separation of minterms helps in searching the binary minterms that
differ only in one place. Once the separation is over, each binary number is COmpareg
with every term in the next higher category and if they differ by only one Position, 4
check mark is placed beside each of the two terms arid then the term is copied in the
second column with a '’ in the position that they differed.

For example, if the terms are 0000 and 0010 then the resultant term will be 000

"This term, 00-0 is called an implicant, it implies the A BD could be a term in the final
expression, covering minterms ABCD -nd ABCD. This process of comparison is

repeated for every minterm. Once this process is completed the same process is applied

the following examples t, illusty
Gee ate the ﬂgoﬂﬂm

usﬂ‘aﬁve Examples

i

" Table 4.9.1

to the new resultant terms which are placed in the Table 4.9.2 column (c)- These cycles

Step 3 : Compare each binary number with every term in the adjacent next higher
category and if they differ only by one position, put a check mark and
in the next column with '’ in the position that they differed. -

Step 4 : Apply the same process described in step 3 for the resultant column and
ycles until a single pass through cycle yields no further elimination of

copy the term

are continued until a single pass through a cycle yields no further elimination of literals,

The remaining terms and all the terms that did not match during the process are called
the prime implicants. ‘Summing one or more prime implicant gives the simplified

Boolean expression.
Algorithm for Generating Prime Implicants gt):ral;e these ¢

1. List all minterms in the binary form.

2. Arrange the minterms according to number of 1s. b
Compare each binary number with every term in the adjacent next higher categof)’
and if they differ only by one position, put a check mark and copy the term In
the next column with '’ in the position that they differed.

Apply the same process described in step 3 for the resultant column and continué
gle pass through cycle yields no further eliminaﬁ?ﬂ of

3.

these cycles until a sin;
literals. . :

5. List all prime implicants.
TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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jumn 9 has single dot go indude‘mn Combinational Digital Circuits

0!
jon. Now search f, X eSponding . .
final ex?re:mterms are ahea;" multi-dot cq) .ci*’,m“““m implicant (12, 13) in the
put their & Y included in ghe 2,6 and 8 have multi-dots
expresslcn 18 ©Xpression, Therefore, the final
ps B CD) = (1 1_0—)+(_0_0)+(0_1_)
ABC+ BD+4C

1}

Table 4.9.3

Step 6 : Select the minimum number of prime implicants which must cover all g,

Table 4.9.4 shows prime implicant selection chart. Each prime implicant is Tepresenteq
in a row and each minterm in a column. Dots are placed in each row to show th,
composition of minterms that make the -prime implicants. From this chart we haye to
select the minimum number of prime implicants which must cover all the minterms, The
selection procedure is as follows. ’

Search for single dot columns and select the prime implicants corresponding to thyt
dot by putting the check mark in front of it.

Prime m, m, me

: mg v
implicants . Jicol1)| (Col 2)| (Col 3)|(Col 4)

- .
(col 5)|(Col 8)|(Col 7)

Table 4.9.5 :
Step 3 : Compare each binary number with every term in the next higher category and
if they differ by only one position put a check mark and copy the term in the next
column with '~ in the position that they differed. g

8,12 .

@%

Table 4.9.4 Prime implicant selection chart

Search for multiple dot columns one by one. If the corresponding minterm is already
included in the final expression ignore the minterm and go to next multi-dot column
 otherwise include the corresponding prime implicant in the final expression. .
In our case, column 1 (m) has single dot, so include corresponding prime imP]fCan :

(0, 2, 8, 10). Column 3 (m3) has single dot so include corresponding prime implic"
(2,3, 6, 7). Columns 4, 5 and 7 have single dots but the corresponding minterms a%
already included in the final expression.

X for knowiedge -
TECHNICAL PUBLICATIO.NS . An up thrust 3
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qop List all min{erms in the bingyy

form, 3 showy, ;

"

Step 4 : Apply the same process described in step 3 for the resultant columy,
continue this cycles until a single pass through cycle yields no further elimingy, 4
literals. ’ o

Step § : List the prime implicants.

Table 4.9.7

Step 6 : Select the minimum number of prime implicants which must cover all
minterms. e

Table 4.9.9

. : Arrange the mint i : '
Table 4.9.8 Prime implicant selection chart (sé:,mznn ®) g eIms ac°°?dm3 to categories of 1s as shown in the Table 49.9

The final expressionis Y = (0010)+ (1-01)+(-10-) =ABCD + ACD + B Step 3 : Compare each binary number with E;very teem i the adjacent mext Wighet
) s d if they diff I iti .
Quine McCluskey using Don't Care Terms :;:izz :;I ! V\Iel};h ']—'(::\?\’eoi};i;:xi t’:;‘:}‘::ypc‘l‘j;; d;e‘;k mark and copy the term in

Step 4 : Apply_ the same process described in step 3 for the resultant column and continue
these cycles until a single pass through cycle yields no further elimination of literals. -

‘The same rules that applied to using-don't care terms with Karnaugh ma'p are
appropriate for Quine McCluskey. Here, don't care terms are never included as prime
implicants by themselves. Let us consider the following example.

| lllustrative Example
Example 4.9.3 STl
i

Solution : It is important to note that don't care conditions are used to find the prime
implicant but it is not compulsory to include don't care terms in the final expression.

sty o

%% 9,12,14,15),

owledge

" =~ Kn
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Step 5 : List the prime implicants.

Step 6 : Selegt the minimum’ number of
prime implicants which must cover all the
minterms, except don't care minterms.

Only column 2 has single dot ie. it is
essential prime implicant and hence the prime
implicant” corresponding to it (mg3) is
included in the final expression. Now search
for multi-dot columns. Column 1 has
multi-dot and the corresponding terms are not
included in the final expression, so we can
include either mj; s or mj3g 1. Let us
include prime implicant which has . more
minterms. Thus minterm 1, 3, 9, 11 is
included. Now minterm for column 3 is

already included and minterm for column 4 is
don't care. Column 5 has a minterm which is not included yet, therefore prime implicant

1, 5 is included in the final expression. The minterms from column 6 and 8 are don!
care and the minterm of column 7 (mo) is already included in the final expressiot
Column 9 has minterm 12 which is not included yet.
To include this term we have 3 options. We include prime implicant 12, 14 b.ecause
with this inclusion we can also cover minterm 14 in the final expression. The mmterm
from the remaining column 11 (ms) can be included in the final expression by including

prime implicant 14, 15. Therefore, the final expression is
Y (0-01)+(001'—)+(11—0)+(111—)+(—0-1)

ACD+ABC+ABD+ABC+BD

Table 4.9.11

. Table 4.9.12 Prime implicant selection table ‘
lm Prime Implicant Table and Redundant Prime Implicants

V\.Ie ha\fe seen that the pn.me lfnphf:ant selection table displays pictorially the covering
relationships between the prime implicants and the minterms of the function. It consists
of an array of u columns and v rows, where u and v designate the number <;f minterms
for which the function takes on the value 1 and the number of prime implicants,
respectively. The entries of the i row in the chart consists of dots placed at it;
%ntersections with the columns, corresponding to minterms covered by the i prime
implicant. For example, the prime implicant chart of f(ABC) = 2 m(0, 1,2,5, 6, 7) is
shown in Table 4.9.13 (b). It consists of 6 columns corresponding to the minterms of f
and six rows which correspond to the prime im;ﬁlicant generated in Table 49.13 (a).

Table 4.9.13 (a)

. ledge -
TECHNICAL PUBLICATIONS - An.up thrust for knowledg }
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a minimal subset of prime implicants such that .
rows corresponding to the selected subset ang thol““\n
elected as small as possible. In our exe toy

When each column in the prime lm;rl:l lg,
clic prime implicang t::l.“

b,

Digital F
The problem now is to select
contains at least one dot in the
number of literals in the prime implicants s
-each column has two dots. It is a special case.
selection chart has two or more dots, the chart is known as cy!
Since all columns have two dots, we have to proceed by trial and error. Bog,
and (0, 2) cover column 0, so we will try (0, 1). After selecting row (0, 1) and co o, ]
d by (0, 2) and (2, 6)- The best chy; “
0, 2) covers only one o;e is

and 1 we examine column 2, which is covere:
aining columns while (
6) and columns 2 and 6, we see that 15 )

the solution. Therefore, one of the solug
on

(2, 6) because it covers two of the rem
selected to get the solutipy

remaining columns. After selecting row (2
covers the remaining columns and completes
is f= AB+BC+A C. The prime implicants which are not
[, 2), (1, 5), (6, 7)] are called redundant prime implicants.

my mz‘ :

1o

e

plicant selection table

Table 4.9'.13 (b) Prime im,

prim

o implicant selection chart

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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fw,x,y,z) = BD+AC+AB+

m Advantages and Disadvantages of Quine McCluskey Method .

The Quine McCIuskey method of simp!
variables and is algorithmic in nature. The simplification process of Quine-McCIuskey
becomes lengthy and time consuming as number of variables increase; however the

algorithm can be easily programmed to run on a computer to identify p
and implicates of any function.

Examples for Practice

Example 4.9.6 : Find prime. implicants for the Boolean expression by using Quine
McCluskey method. lABCD) =Y (1, 3,6, 7, 8, 9, 10, 12, 14, 15) +
d(11, 13) Ans. : F(A, B, C,D) = BD + A +BC

rime implicanty

Example 4.9.7 :  Give simplified logic equation using Quine-McCluskey method for the
following Boolean function f(A, B, C, D) = Sm (0, 1, 2,3,10, 11, 1,
13, 14, 15) Ans. : F(A, B, C,D) = AB + AC + 48

Example 4.9.8 :  Minimize the Sollowing using Quz‘ne-McCluskeyAmethod.
Im(0, 1,289, 15 17,21, 24, 25, 27, 31)

-—— — — — —— —— — _—E
AAns.:ACD+BCD+ABCE+ABCE+BCDE$

TECHNICAL PUBLICATIONS"- An up thrust for knowledge

lification can be applied to any number ¢ |

Minimize the
T M (0, 1,
methods ang

8iven terpg
411, 13, 35
. ’ +nyg 4
erify the resys using ,?m; 8 using Quine-McCluskey
et
. Ans, . Ha, B¢ D)hods
1 Using QM method s

mplify the B
(xlr le xa, x4, x5) = 2

Combinationaf Digital Circuits

=AC+AD+ABGT
0 l"alﬂm eXpression
145,16, 17, 21, 25, 29)
Ans, ;g
following function yg;,
M us;
fA B, C D)= Y m, o, 3,6,7

result using NAND
flw, x,y,2) =

m Multiplexers GTU : Dec..13, Winter-14, 15, 1§

In digital systems, many times it is pec
gatwinput lines, and the data from the
output: The digital circuit which does this task is 5 multiplexer.

It is a digital sthc}x. It allows digital information from several sources to be routed
onto a single output lme,. as shown in the Fig. 410.1. The basic multiplexer has several
data-input lines and a smglc_a output line. The selection of a particular input line is
controlled by a set of selection lines. Since multiplexer selects one of the input and
routes it to output, it is also known as data selector. Normally, there are 2" j
and n selection lines whose bit combinations

M input lines
determine which input is selected.
Therefore, multiplexer is ‘many into one'
analog selector switch.

and it provides the digital equivalent of an

Sate only ; and fmplemmt the
m (1, 48,9, 13,14, 15) 4 42,3,11, 12)

, Summer-15, 17, 18

essary to select single data line from several
selected data line should be available on the

Do

Dy
D, Dy .
Data input Dy D, Y (Output)
lines Y (Output)
Don,
2N D
Enable y
input -
.S $4 S
Sa S1 S . ’
. Select inputs - {b) Equivalent circuit

_(a) Block diagram of 2" : 1 multiplexer

for knowledge

~
t
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Digital F tall 4_ il Digite %}"’n D,gna/ Fundé 4.9 )
v am ‘ W 4 : 1 Multiplexer : Combinational Digital Circuits ‘

FRTXE 2 : 1 Muitiplexer

xer. Dy is applied as an input to one ANp 4103 (@ shows 4-to- in
input i ; ig & : e multiple
and D, is applied as an input to another AND gate. En:lb}e input is applieq @ l?:h od to one input of an AND s Selsm );e: _F.a h of e S, i
gates as one input. Selection line S is connected as second input to second t apP gate. ? ) lines are decoded to 1’ a B
d input to first AND gate. Outputs of both ANp 8afy AND . select a particular

Fig. 4102 (a) shows 2 : 1 multiple

An inverted S is applied as secon & . By
are applied as inputs to OR gate. ty o
Do ) .
Y = ESD, + ESD; Dy
P .

1 Data - Dy Y=E3,5, D+
Enable inputs Oupy ES 8D+
(E) Enable ESS,0p+

input D3 ES, Sy o
S i - - Select input
(a) Logic diagram o (b) Function table . (c) Logic symbo)
Fig. 4.10.2
Working
When E = 0, output is 0, i.e. Y = 0 irrespective of any input condition. When E = S S E
(a) Logic diagram

i

the circuit works as follows :
When S = 0, the inverted S, that is 1 gets applied as second input to first AND gy,
Since S is applied directly as input to second AND gate; its output goes zero irrespectiye
of first input. Since the second input of first AND gate is 1, its output is equal to its fir
input, that is Dy. Hence Y = Dy, ~ :

Inputs

Enable
input

Exactly opposite is the case
when S = 1. In this case, second |Enable (E)|Select (S)| Dq Dy |Output
AND gate output is equal to its ‘ Y
first input D; and first AND gate
output is 0. Hence Y = D;. Both
these cases are summarized in }
truth table shown in Fig. 4.10.2 (b).
Deriving realization expression

The Table 4.10.1 shows the |

" truth table for 2 : 1 multiplexer. |
From the truth table it is clear that
Y = 1 when ESDy = 1 or

Select inputs
; : (¢) Logic symbol
Fig. 4103 4 to 1 line multiplexer
For example, when 5;S; = 0 1, the AND gate associated
of its inputs equal to'1 and the third input connected to Dy. e
have at least i 0, which makes their outputs equal to
east one input equal to 0, W] i o e

(b) Function table

with data input D; has two

The other three AND gates
0. The OR gate

output is now equal to the value of Dy, thus we.can say data bit Dy

output when S; Sy = 0 1. " _ : :

EETER s : 1 Multiplexer

Fig. 4.1 : iplexer. ' '
8- 4.10.4 shows 8 : 1 multiplexer. Ject lines. As shown in the

‘ESDjq =1 as indicated by shaded Table 4.10.1 Truth table for 2 : 1 multiplexer . d three sel
rows. , : ' There are eight input lines one oufput line 'an'lin is controlled by three selection
_ function ; ticular input iné -
Y = ESDy+ESD, : | g, le; the selectionof & perielEt '

for knnwisdg{
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S, S1 S
(a) Logic diagram

Combinational Digitey Cir
"cuﬂ6

1
2
3
4
5
— 6
— 7
Enable —=} EN Sz 81 Sy
inputs ’ f *
Select ‘
inputs

(c) Logic symbol
Fig. 4.10.4 8 : 1 Multiplexer

Quadruple 2 to 1 Multiplexer -

In' some cases, two or
more multiplexers are
ericlosed within one IC

-, package, as shown in the
Fig. 4.105. The Fig. 4105

shows quadruple 2-to-1 line -

multiplexer, ie. four
multiplexers, each capable of
selecting one of two input
lines. Output Y; can be

selected to be equal to either

A; or B;. Similarly output Y,
may have the value of A, or
By, and so on. The selection
. line S selects one of two
lines in all four multiplexers.

Ao

Ay

By

By

B,

By

s
(Select)

]
E
(Enable)

Fig. 4.10.5 Quadruple 2-to-1 line multiplexei‘

TECHNICAL PUBLICATIONS™ An up thrust for knowledge

state ‘
Funcﬁof‘ Table.

el pundemertels 4-95
i Combinational Digital Circuit
e atrol input E enables the multip igital Circuits

lexers in the state ang

" E =1, outputs ha '
When tp ve all 0’s, regardless of the value of

disables them in the 1
S. .

The 74151 Multiplexer .

The 74XX151 is a 8-to-1 multiplexer. It has eight in

. ; . puts. It provides tw '
js active highs the other is active low. The Fig. 4106 sh:ws the log(i’c(’:yt[:\:z'l ofom:

7axx151. As shown in the logic symbol, there are three select inputs C, B and A whi

select one of the eight inputs. The 74XX151 is provided with acﬁvpe low Ienal?lr; inA::hCh
The Table 4.10.2 shows the truth table for 74XX151. In this truth table for fh "

combinations output is not specified in 1s and 0s. Because, we know that u{u:; 1921:‘;;

a data switch, it does not generate any data of its own, but it simply ’passespexternal

input data from the selected input to the output. Therefore, the two output column -

represent data by Dy and D, '

o [npfu;f‘) TAXKI51
. Select
e la]
1 §
X
0
0
1
1
0
0
1
. 1 . // Fig. 4406 Logle Sybel for T4XX151,
Table 4.10.2 Truth table for 74XX151, 8 to 1
multiplexer ’
ONS™ An up thustfor knowieds®
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blgitsl.
EETXT The 74XX153 Dual 4 to 1 Multiplexer
The 74XX153 is a dual 4-to-1 multiplexer. Fig. 410.7 shows the logic Sanb

Itipl L
74XX153. It contains two identical and independent 4-to-1 ﬂz:’utx blp c;xer;;;ch m “lhple x::
has separate enable inputs. The Table 4.10.3 shows the truth table for 153,

74XX153

),
_@ |
_,
_©
_6)

4)
_@
)]
_t10)|
_n |
_12)|
13|

T
Q

. 4.10.7 Logic symbol for

§ o . 74XX153
Table 4.10.3 Truth table for 74XX153, dual 4-to-1
multiplexer

: Expanding Multiplexers

It is possible to expand range of inputs for multiplexer beyond the available range by
interconnecting several multiplexers in cascade. The circuit with two or mo®
multiplexers connected- to obtain the multiplexer with more number of inputs is known
as multiplexer tree.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

Con.néct the select ms
(8251 and Sy) of two
multiplexers in paralle],

Connect most signifi
2 cant select
$19P %7 Jine (S such that when 5, -
MUX 1 is enabled and when
S3 =1, MUX 2 is enabled,
step 3 ° Logically OR the outputs of

two multiplexers to obtain the
final output Y. .

Fig. 4.10.8 16 : 1 multiplexer u twi
8:1 multlSlexars sing two

Example 4.10.2 FIsE it

Solution : Since there are 16-inputs for the ‘mulﬁplexers we rtequire- four 4 :
multiplexers to satisfy input needs. The four outputs of 4 : 1 multiplexers are agam
multiplexed by 4 : 1 multxplexer to generate final output.

Step 1:  Connect the select lines (S; and Sy) of four mulﬁplexers in parallel.
Step2: ° Connect the most significant select lines (3; and 5y) to the MUX 5.
Step3: Connect the outputs Yor Yy, Y, and Y, of four multiplexers as data inputs for

the MUX 5, as shown in the Fig. 4102. -

E " - 3
TECHNICAL PUBLICATIONS - An up thrust for kno
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Output
Fig. 4.10.9

Examples for Practice
PR

Example 4.10.3° Draw the block diagram of a 4 : 1 multiplexer using 2 : 1-MUX.

Example 4.10.4 Design 32 : 1 MUX using 8 : 1 MUX.

Example 4.10.5 Design 14 : 1 mux usiﬁg 4 : 1 mux (with enable inpyts). Explain the
truth table of your circuit in short.

Example 4.10.6 Design 28 : 1 mux using 8 : 1 mux (with enable inputs). Explain truth
table of your design in short. [Hint : You can use separate mux for enable
of respective IC's]

ER[X:H Implementation of Combinétional Logic using MUX

A multiplexer consists of a set of AND gates whose outputs are connected to single
OR gate. Because of this construction any Boolean function in a SOP form can be easily
realized using multiplexer. Each AND gate in the multiplexer represents a minterm. In
8 to 1 multiplexer, there are 3 select inputs and 23 minterms. By connecting the function
variables directly to the select inputs, a multiplexer can be made to select the AND gate
that corresponds to the minterm in the function. If a minterm exists in a function, we
have to connect the AND gate data input to logic 1; otherwise we have to connect it 10
logic 0. This is illustrated in the following example.

lllustrative Examples

Example 4.10.7

?

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

R RIS 2

Fundgmentals

Dlgifﬂl

’

Combinational Digital Circuits

golutio™ : .
. Select the multip],
1: Plexer,
steP expression has 3 Variables, H:e;ﬂ Boole.an
2% = 8 : 1 multiplexer, € Tequire
. Connect inputs corre;
2: sponds t,
step minterms to logic 1. © the present
gtop 3 1 Cormect remaining inputs to Jogic g, -
4st6P 4: Connect input variables to select lines o

MUX.

o 7
Example 4:10.8 BpdLl

ultiplexer.

Solution :

Step-1:  Select the multiplexer. Here, there are
_three input variables, thus we requi;e
2% = 8 : 1 multiplexer. )

: F(A.B.C)

Step 2 : Find the minterm expression.

Minterm expression for given truth -

: table is > m (1, 2,5, 7): '

Step3: Connect inputs cérresponds to the ABC

Present miriterms to logic 1. Fig. 44011

- wiodgo
TEGHNICAL PUBLICATIONS - An P thrustfor kn©' X
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Digital F tal 4-100
’ Py . 2 o. i 3
Sten 432 Connect resnaining fnputs 10 1og)c the minterm in the firgt roy, ;o circied and
Stop 5: Connect input variables to select lines of MUX. - . S comesponding mulﬁ;‘f“hx:}n in the second row is ot
In the above example, we have seen the method for ,mplem.entmg Boolean fy, ctoy W@”W%/%% e ;Put (see column 3),
of 3variables with 23(8)-1‘0-1 multiplexer. Similarly, we. c.an un].:::ment any Boole W%Z@g < g %
function of n variables with 2"-to-1 multiplexer. .However, it 11(.«3 poss; t}e] to do l:.sene, R A ' . %};; )
this. If we have Boolean function of n + 1 variables, we take 1 of these variab]eg goluti i
connect them to the selection lines of a multiplexer. The r.emammg smgle.variable of thy 4 : Express Boolean function in the minterm ‘ :
function is used for the inputs of the mu.ltipllexer. In this 1v;;a.ylwe ca: u-nplement"any 5”;6 gven Boolean expression is nos iy i orm. .
i i i n -1 46 - 1 multiplexer. Let us : ard
Boolean function of n variables with 2 P See SOF" smndard SOP form SOp form. Let us first convert s i
FaBCD) = ABD (C+C)+ ACD®B+B)+Fcp (A+_A).+KE D(B+§)

examples.

Example 4.10.9 §

: = ABCD+KBEB+ABCD+A1‘3CD
. +ABCD+ABCD+ABED+5 5 oy

follou

Solution : g a ' _ e )
Step 1: Connect least significant variables as a select inputs of multiplexer.. Hey, = ABCD+ABCD +ABCD+AR cD +K]_BCD+KB(_ZD ABCI
’ +
connect C to Sy and B to S;. = Ym6 4,15 11, 3,5,1) ; BCD
— : = Ym(1, 34,5611, 15

Step 2 : Derive inputs for multiplexer using implementation table.

step 2 : Implement it usingﬁnplemmtation table.
F From the Boolean function in the minterm form can be implemented using 8 : 1
multiplexer as follows : N . ]

A

P> a o

A 1

A
Most significant J
variable

B c=

(b) Multiplexer implementation

(a) Implementation table
Fig. 4.10.12

* As shown in the Fig. 4.10.12 (a) the implementation table is nothing but the list of the
inputs of the multiplexer and under them list of all the minterms in two rows. The first
row lists all those minterms where A is complemented, and the second row lists all the
minterms with. A uncomplemented. The minterms given in the function are circled and

then each column is inspected separately as follows :
e If the two minterms in a column are not circled, 0 is applied to the corresponding

‘B C D

multiplexer input (seel column 0).
¢ If the two minterms in a column are circled, 1 is applied to the corresponding
multiplexer input (see column 1). . :
e If the minterm in the second row is circled and minterm in the first row is ‘?of
circled, A is applied to the corresponding multiplexer input (see column 2).

™. knowledge
TECHNICAL PUBLICATIONS - An up thrust for
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v

"are specified. Thus, we have ;. |
function. Fig. 4.10.14 Shgo (qug
xer. . Ws b | B

Solution : Here, instead of minterms, maxterms
maxterms which are not included in the Boolean

implementation of Boolean function with 8 : 1 multiple 1
A.

Combinationas Digttal Circuits

o 4.10.13 Implement th, foll “'«e:;.; 5 ]
(A, B, it ion g

f CDi=zmp, 67,9 ;‘;17118 8 1 multiplonay :\‘

ple 4.10.14  Implement Booleay, ﬁ‘"':ﬁonf $11, 12, 15), ‘

multiplexer, 4B+TD 4 43¢ using 8 ; 1

implementation of Logjc Functior;

e 74XX153 is a dual 4 t0 1 myj
i_naﬁonal circuits usi.n.g muhiPleXers in
IC: sic function implementation using IC 747

sing IC 74153

tiplexer,

rSexZﬁvfozkeady Seen how to- implement
3 -10.8. Let s see some EXainples of

; B C'p
(a) Implementation table (b) Multiplexer implementation
Fig. 41014 -

We know that don’t care conditions can be treated as either Os or 1s. Fig. 4.10.15 shoys
the implementation of given Boolean function using 8 : 1 multiplexer.

In this example, by taking don’t care conditions 8 and 14 as 1s we have eliminated }
term and hence the inverter.

A 1 For carry
Carry
Sum
Here, don't cares are treated as 1s 0 ; =
‘ o 8 C D . : B Cp
(a) Implementation table : ) (b) Implementation 1 : (b) Implementation
@) Implementation tables .
Fig. 4.10.15 v .+ Fig. 410.16
TECHNICAL PUBLICATIONS™ An up thrust for knowledge Y, } " TECHNICAL PUBLICATI ONS™ An up thrust for Knowledge
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Since 74153 is a dual 4 : 1 multiplexer, we can use one 4 : 1 multiplexer to i,
» wlt] i cti th%
carry function and other 4 : 1 multiplexer to unplexnentwsurm function.

e

SR 5
Example 4.10.16 L

The Table .4.10.5 shows the truth table for full subtractor.

Solution :

74153

1D,
1D,
1D,
1D,
2D,
2D,
2D,
2D,
1EN
2EN A

= l
B

2Y 0D

B
|
Bin

(b) Implementation

(a) Implementation ﬁbles

Fig. 4.10.17

" TECHNICAL PUBLICATIONS™- An up thrust for knowledge

IFundﬂ""’”lals

i dual 4: 1 N .
74153 1s 2 multiple .
ce multiplexer P exer, we

Gin

:1
ther 4 ¢
and ©

to implement B Use
o out

Fig. 4.10.18

KA B,C D) = ¥ m(0,1,2,:
Solution : Implementation Table

TECHNICAL PUBLICATIONS™ An up thrust for* knowledge
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Solution : Implerﬁenfation table Implementatio,,
A—y ]
Logic 1
Do Dy D,
@O
Al

Bcp
°

oo 41020 | SRS
L F(4,8,C,D)=32357,8,9,12,13,14
Solution : Implementation Table

R nfccnone
- AEE [ [EE@®

B C D

(a) Implementation table - (b) Implementation

Fig. 4.10.24

7

kw592 51,35

/ ;/V//g’ 4//}1;/ _ //g/;///
i

\
N

P

\\
\%

N

Combinationg; DIg”Q[c : '
J
y

lFund"""”'“"s i 4-107
[gllﬂ . )
) ., Jmplementation uging Multipje. . Combinational Digital Circuits
jutio™ Plexer 5
50 . :

Logic 1 (+5 v)

. Fig. 4.10.25
m Applications of Multiplexer

1. They are used as a data selector to select one out of many data inputs.
2. They can be used to implement combinational logic circuit.

3. They are used in time multiplexing systems.

4. They are used in frequency multiplexing systems.
5. They are used in A/D and D/A converter.

6. They are used in data acquisition systems.

m Multiplexer ICs

m

%/

-
| s
é 7/

|

-
Table 4.10.6 Multiplexer IC8

" jowledge
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Digital Fundamentals

Review Questions

1. Draw logic circuit of 4 : 1 MUX. ST S“
2. What is multiplexer ?
3. Explain the working of 8 : 1 multiplexer.
4. Obtain an 8 : 1 multiplexer with a dual 4line to 1-line multiplexers having separate enable inpy,
but common selection lines. s
5. Design an 8 : 1 multiplexer using two 4 : 1 multiplexers. Explain with the help of the truth
Implement the function flA, B, C) = 3, m(1, 3,7) using the same.
" 6. Redlize the expression Y (A, B, C, D) = 3,(15,7,4,6,8,9,12,14) using an 8:1 MUX.

GTU : Summer-18, Marks 7

Combinational Digitg) o
I

tabje |,

Demultiplexers

A demultiplexer is a circuit that receives information on a éiﬁgle line and transmjg
this information on one of 2" possible output lines. The selection of specific output Jjp,
“is controlled by the values of n selection lines. '

The Fig. 4.11.1 shows the block diagram of a demultiplexer. It has one input gy
line, 2™ output lines, n select lines and one enable input.

Enable Yon_g
So1 S1 S n-1 S2 S1 S
Select inputs
(a) Block diagram (b) Equivalent circuit
Fig. 4.11.1
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pigh? 4
mprO"uats between Multiplexer and Demy Combinational Digital Circuits
p

/ Fund""”""m’s
it

Itipley,
7 er

[EREH Types of Demultiplexers

IEEH 1 : 4 Demuitiplexer

Fig. 411.2 shows 1 : 4 demultiplexer. The single input variable Dj, has a path to all
four outputs, but the input information is directed to only one of the output lines
depending on the select inputs. Enable input should be high to enable demultiplexer.
[XYAWY 1.: 8 Demultiplexer

The Fig. 4.11.3 shows 1 : 8 demultiplexer. The single input dafa Diy has a path to all

 eight outputs, but the input information is directed to only one of the output lines

depending on the select inputs.

knowledge

3 for
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S S,
i 5 Enable (E)|

Yo | Ye|Y2| Vs

Dipis royy
—~ed
Yo=ET 3 0,

Dinis roy

edly

vies oy
1 S(Solln‘

e
o
Jolo|o|e]|e

Dm‘s"%‘leq

ko by,
Y2<ES1SDD“2

D;,is Touted

5
-
—«-x--aoooolx_w

o|lo|lo|lolo|e

Y3=E 31 s, nna

Enable

(a) Logic diagram -

Fig. 4.11.2

S, S Sp

: [

(b) Function table for 1 : 4 demultiplexer

— S50
0

—r— ES,S;S,0; :
D; f

ES,5,5,D

Data—}p.

| in Yz

input.

—

—— ES;S150Pnn v
D, 3

= ES,5,5, D;y Y,

Enable— 1

$—r— ES:51500in Y,

T ES,5:S0 Din Ys

: ES;51500n,y,

' Seledt inputs
elect in)

Enable oo
(a) Block schematic

(b) Logic diagram

TECHNICAL PUBLICATIONS ™~ An up thrust for knowle

dge

ntals
. Fundame
ot

/_-—
Enable

(¢) Function table

Fig. 411.31:8 demultiplexer

Im Expanding Demultiplexers

To provide larger output needs we can cascade two or more demultiplexer to get
demultiplexer with more number of output lines. Such a connection is known as

demultiplexer tree.

Example 4111 F

Solution :

Step1:  Connect Dy, signal to Dy,
input of both the
demultiplexers.

$p2:  Connect select lines B and
C to select lines S; and S
of the - both
demultiplexers,

- respectively.

Select
inputs

plexers

: l.=lg. 4114 Cascading of demulti '

TECHNICAL P

- inowledg®
UBLICATIONS - An up thrustfor
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glol Fundemertels
o

Step 3:  Connect most significant select line (A) such that when A = g DEMUXI
enab. ’

1: igni
stoP demultiplexer, . Erificant selecy lingg S,

Example 4.11. F ';’ ] lemul ‘déMuitiﬁ % ' S0) to select lineg of four 4 : 1
e ) . i, . . Connect one .
Solution : The 1 : 16 demultiplexet has 16 outputs. To.select one (.Jf the 16 Outpyy, steP 2: the data inpuzof)ef ‘:h lfdemulh‘plexer Such thy 4
circuit needs 4 (.- 2* = 16) select lines. Each 1 : 4 demultiplexer requires 2 select lingg te to the select lines of t:‘j::t Wtiplexers C o four outputs are Touted to
‘ 3 ) emultiplexer, (seq b igher select Jines (5.
"M Fg 4np Ea%)

s for Practice On previews page).

gxample

Example 4.11.5 ity

.Solution : -

step 1:  Write the truth table of gy subtractor.,

" Step2: Represent output of full-subiractors in
) minterm form. S g

For full subtractor difference D function can be
written as D=£(A, B, C) = ¥'m(1, 24,7 ang
B,y function can be written as,

Bout = F(A, B, Q)= 2 m(1,2,3,7)

Step 3:  Logically OR the outputs corresponding |15 1 el
to minterms. " Table 4.41.1 Truth table. of full
- . subtractor

81. o

: A B C - using 1 ¢ 8 demultipexer
Fig. 4.11.5 1 : 16 Demux using 1 : 4 Demux i Fig. 4.11.6 Full subtractor using

Knowlsdge

5 tor
- joNS™ An up S
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With D, input 1, demultiplexer gives minterms a.t the output so by logiCauy Ok
required minterms we can implement Boolean ﬁmchon.?‘ for full subtractor, Fig. ay
shows the implementation of full subtractor using demultiplexer.

CEEIIRIEY 1iplement the foll tiplex

Solution :
fi(A,B,C =Y m(3 7).
£ (A, B,C) = Y m(l,25)

Implementation using 1 : 8 demultiplexer.

Fig. 4.14.7

Examples for Practice

Combinationaf Digite; (]
oy,

Example 4.11.7 - Implement full adder using demultiplexer.

Example 4.11.8  Implement the following functions using demultiplexer

fi(ABCO=Ym(1,57), f,(A4BC=¥m67)

LANK] Applications of Demultiplexer
1. It can be used as a decoder.
2. It can be used as a data distributer.
3. It is used in time division multiplexing at the receiving end as & data separator.

4. It can be used to implement Boolean expressions.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge '

ndamentals

| Ful 4-115 -
pigh!
Demultlplexer ICs Combinationaf Digttal Circuits
1 Numer.

1. Define demultiplexer.

2. Di erentiate between multiplexer qnd demultiplexer.
3, State the applications of demultiplexer,

m Decoders

A decoder is a multiple-input, .n‘{ulﬁple-output logic circuit which converts coded
inputs into coded outputs, where the Input and output codes are different.

The Fig. 4.12.1 shows the general structure of -
the decoder circuit. As shown in the Fig. 4121, n.ata ::‘
the encoded information is presented as n MPUs —iul
inputs producing 2" possible outputs. The 2° I
output values are from 0 through 2" - 1.

Possible
2" outputs

' Enable
Usually, a decoder is provided with enable inputs

inputs to activate decoded output based on data Flg. 4.12.1 General structure of decoder

inputs. When any one enable input is

unasserted, all outputs of decoder are 1
disabled.
(4121 Binary Decoder R

Y,=AE

;

A decoder which has an n-bit binary
input code and a one activated output out
o 2% output code is called binary
fietoder. A binary decoder is used when it ' - :ED- Y2=AB
S Necessary to activate exactly one of 2"
Outputs based on an n-bit input value. FED_ Yook

.Fig. 4122 shows 2-to4 decoder. Here, Enalo (N :
ea::puts are decoded into four outputs, Fig. 44222 2 to 4 line decoder

Output  representing one of the .

Y,=AB

X for knowledge
TECHNICAL PUBLICATIONS - An up thrust
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minterms of the 2 input variables. The two inverters provide the complemeg

inputs, and each one of four AND gates generates one of the Mte@s, of the
The Table 4.12.1 shows the truth table for Inputs Outputs
a 2-to4 decoder. As shown in the truth EN| A | B
table, if enable input is 1 (EN =1), one, and
only one, of the outputs Y, to Y3, is active 0| X|X
for a given input. The output Y, is active, 110l0
ie. Yp=1 when inputs A = B = 0, the 1ol 1
output Y; is active when inputs A=0 and
B=1. If enable input is 0, i.e. EN= 0, then 1]1]0
all the outputs are 0. . . 1{1/1

Table 4.12.1 Truth table for a 2 to 4 decoq
With logic circuit and truth table explain the working of 3+ 8 lin
e S ST et . GTU’D“'C"vaarkn
Solution : Fig. 4.12.3 shows 3-to-8 line decoder. Here, 3 inputs are decoded into eigh:
outputs, each output represent one of the minterms of the 3 input variables, The thrg,
inverters provide the complement of the inputs, and each one of the eight AND Bates
generates one of the minterms. Enable input is provided to activate decoded outpyt
based on data inputs A, B, and C. The table shows the truth table for 3-to-8 decoder,

Inputs x Outputs
EN[A]B]C!\(,'\{6 YS!Y4‘Y3 YZEY1IY0
Ixx[x o e o]

oo lo[olo]s]
10!0!1[0‘ of
10!1'0(0! f
10!1}1!0' | .
1‘1!0J0f0[0 0t 0joloo
1[1‘0)1{00 oloooo
1}1]1!0[0, ofo!oooo
1’1[1[1 0J0f0[0~0_0'0

tals .
- pigiel pundame?’ 4-117
) A B c ) Combinational Digital Cirouits

A B =
B T
———
T T D v
—— T
——
= —v,-x8c
— | :
$Y2=XBB
G e —
S I e Sy .
o “%\ Y3=RBC
———
= D—vieare
S N E—
=D
‘S — — m—— \
~§D— Ys=ABT
——
»—r:@- Y;=ABC '

Enable (EN)
. Fig. 412.3 3 : 8 line decoder

EXEFY The 74X138 3-to-8 Decoder

The 74X138 is a commercially available 3-to-8 decoder. It accepts three binary inputs
(4B, C) and when enabled, provides eight individual active low outputs (Y, - Y). The’
device has three enable inputs : Two active low (G2a,G25) and one active high (Gy):
Fig. 4124 and Table 4.12.3 show logic symbol and function table respectively.

Inputs Outputs

=l

Yo |Ys |Ya | Vs Yo

1(1

|
-

Gaa

SR R [ N
-

H,Al»-.:<'

=lojo | XIX|IX ™
ol|mlaix|x|x|»
R N N e Ll

R R [N B

1
1
1
1
1

R IR IR (U SR O
,,,A\,a...ﬂp

<
olojoixX|ir|X
clojoixix|x|n

" wiedge
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o0 .
"x,1 38 A Combinatione Digitel Circuits
F\YL@L a% g
’ I M~ Yo .
Y

AT Y S

Table 4.12.3 Function table (6)

Expanding Cascading Decoders (5)

Binary decoder circuits can be connected together to - ,’
form a larger decoder circuit. Fig. 4.12.5 shows the 4 x 16 - 4_124LN
decoder using two 3 x 8 decoders. 9- 4124 Logic $Ymbg)

Here, one input line
(D) is used to -
A /

enable/disable the
decoders. When D = 0,
the top decoder is
enabled and the other
is disabled. Thus the
bottom decoder
outputs are all 1s, and
the top eight outputs
generate minterms 0 0

00to 0111 When D=1, the enable conditions are reversed and thus bottom decoder
of the top decoder are all s,

>00®m

FH ,

Fig. 4.12.5

outputs generate minterms 1000 to 1111, while the outputs

CEIERY i 5.0052 i
Solution : The Fig. 4.12.6 shows the construction of 5-to-32 decoder using four 74LS13%
and half 7415139. The half section of 7415139 IC is used as a 2-to-4 decoder to decode
the two. higher order inputs, D and E. The four outputs of this decoder are used i
enable one of the four 3-to-8 decoders. The three lower order inputs A, B and C ar
connected in parallel to four 3-to-8 decoders. This means that the same output pin of
each of the four 3-to-8 decoders is selected but only one is enabled. The remaining
enable signals of four 3-to-8 decoder ICs are connected in parallel to construct enab

signals for 5-to-32 decoder.

Saig s

4.12.6 5-to-32 decoder using 74LS138 and 74LS139

& ¥ GTU : May-12, 14, Marks 7

Example 4.12.3 b

v i b SRR SRR W > n
Solution ; 4 line to 16 line decoder using 1 line to 4 line decoder.

As shown in Fig. 4.12.7 five 2 : 4 decoders are required to d”‘5“541;\1:‘sd2°f°g;‘;
Decoder is used to enable one of the decoder 2, 3:'4 amifd ldef?. 3 4and .
doder are the A and B, MSB inputs of 4 :16 decoder. The inputs o/ Cecader &=

: . der.
Sare Connected together forming C and D LSB inputs of4:16 geco

. st for knowledge
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Combinationay Digital Circuits
8h, it genery, %“ﬂ“*mtp“”"‘“

. ates m; tﬁ‘ Tmg

tput Jogic 1, In su:hun (p

. either active low or aC‘ﬁVe hi
ﬁafe’ ;mplementation of binary ¢ Bb;:et US see he y;
in en deco'der output is actiye hi N
ariables? ie. l‘: makes fselicted ou roduce b
v to take sum of selecteq Product terms) for j
D e hav® Product termg Benerateq py £ implemen so)P ﬁmmml-mmt

|ustr3ﬁ"e Examples -
, i

2rAl )
Decoder 0’3

i W 7 2
AR et Bo

5 oluﬁol'l : .

4 : Connect function variableg as
o the decoder. X

step
inputs
step 2 : Logically OR the outputs
correspond to present minterms to gbiaiy
the output.

Fig. 4.12.7

When A and B are 0 0, decoder 1 is eriabled, for AB = 0 1 decoder 2 is enabled, for
AB = 10 decoder 3 is enabled and for A = B = 1, decoder 4 is enabled.

Realization of Boolean Function using Decoder

. : ingle
The combination of decoder and external logic gates can be used to implement 5““3”
or multiple output functions. We know that decoder can have one of the two outp

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Solution :

N < x g

Solution : . .
’ Step 1 : Form the Truth table relating 8421 binary code and Gray code

Input code : Binary code : B3 B, By By

Output code : Gray code : G3 G, G; Gy
- —

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

.Cambinational D’U}fal .
Ciry,,

GTU : Summer-18, Marp 4 L Y
] = Decoder YBL

damentals
P
o

Table 4125

o implement Truth Table uging decoder

-6,

4:8

G Yg',

Fig. 44211

Examples for Practice

——— !
Example 4.12.8 : Implement the following Boolean functions using decoder and OR gates : |
F(A,B,CD)=Y (2479 !
F,(A,B,C,D)=Y, (10,13,14,15) i
".
g

Example 4.12.9 Imlet the logic circut for full sublractor using decoder.

Example 4.12.10 : Explain decoder (1 : 8) as a binary 10 8%

. Knowledge
TECHNICAL PUBLICATIONS - An UP thrust for

code converter. Show your
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Implementation of Logic Function using IC 74138

IC 74138 is a 3:8 decéder with active-low outputs. In seclio.n 4124 we hive
how to implement combinational logic function using decoder with active-high t;‘&(
Uty,

For active-high outputs, we use OR gate to implement the function. We kno: e
t |

bubbled-NAND is OR. Thus, for active-low outputs we have to use NANp gab
. P

implement the function.
DEmmpe i

Sal A \\:\\ 3&&\&\&\\\\&:\\\\\%$ \\

Solution : The truth table for
full subtractor is as shown in
Table 4.12.6.

Inputs Outputs

[a o o] o]o].

Fig. 4.12.12 Implementation of full subtractor using 3:8
decoder (IC 74138)

-1 110 0 0

. .

. ]

Table 4.12.6 Truth table for full.
2 subtractor

Applications of Decoaer

'.I'hé uses of decoders are :

e Code converters
-+ Implementation of combinational circuits
o Address decoding

® BCD to 7-segment decoder

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

ply""’ ~

dﬂman{als

rl
pecoder ICs Combinational Digita Circuits

i
Jecoder /driver ICs are used to convert the BCp signal j
hese displays. In this sections, We are going to g
for seven segment displays. Let us tabulate the

Segments acti i io
asisplay- ) vated during each digit

Digit ivated
glt .| Segments Activated | Display
0 abcdef
1 bc
a
. ' e
2 a,b,de g o3
. L]
3 a,/bcdg
4  bofg

. An up thrust for Knowledge
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Table 4.12.10 Truth table for BCD-to-com

mo
0N anode 7-segment decoder/driver

ntals - o
pigte! Fundame! 4-127 i
. Digit | A B c o - - Combinational Digital Circuits \
_\\ K
B e e !
0 o 0 i
2 1o o q g1 0 2 N ,1
3 5 ) ) 0ipg 0 4 o 1 1 4] g
4 a 5 i 1 0 o s [ 0
5 Lo 1 o S 00y 1 o
6 1o 1 g 1% 10 oY
7 0 1 1 gy, 0 0 0 o o {
8 Lo o gl LI S SR i
9 1 0.0 o ‘
0 o 0 0
119 0 ¢ 0
0 1 90 o i

Let US design  the ' combinationa]

Combinati , b
Digital Fundamentals 4-126 "onal Digite; Oy,
ty
Lo
. acqd f g g :
a
. '
acdefg al9)c
)
0
» b
ab,c Oe
‘ 0
)b
a,bcdefg olZe
. q
0
)b
9 " ab,edfg =
: . T

Table 4.12.8

From the above Table 4.12.8 we can determine the truth table for BCD-to-7 segmey
decoder/driver. This truth table also depends on the construction of 7-segment display,
If 7-segment display is common anode, the segment driver output must be active low t,
glow the segment. In case of common cathode type 7-segment display, the segment
driver output must be active high to glow the segment. Table 4.12.9 and 4.12.10 show
the truth tables for both BCD to 7 segment decoder/driver with common cathode
display and with common anode display respectively.

Digit B C b ¢ d e f g
0 0 o 1 1 1 1 1 0
1 0 o0 1 1 0 0 0 0
2 0 1 0T 10
3 0.1 11 1.0 001
4 10 Toolo0a0 11
B 1 0 0 01 1 0 1 1
6 1.1 00 T
7 1T S0 0000
8 0, 0 1o a1 1
9 00 lostoete s 0au1

Table 4.12.9 Truth table for BCD-to-common cathode 7-segment decoder/driver

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

. circuit for .
display/d“"e" ; common cathode 7-sey £
K-map simplification
CD‘ Fora ’ For b
ABNQ0 01 110 AB L 00 11 49 20 For ¢
v ; 3 011 10
ol 1} o 1|7 o
‘3 i — o SIERIRIE o1 (1) 1Y o
ot o [{1.]j1)| 1p
i Sl DN GoniE |
1 frx X[ i -
X X nExit x fxi x e T x
10 L1 = 5
OQ-‘%W)&« .X R || X mEr il xjl x
a=A+C+BD+BD b=B+TD+cD c=B+T+D
oo - For d, For e . For f
ABNQ 01 1110 ABN 00 01 11 10 g\ 00 01 1 1o
oo 13 o {1 {f1]] ool fl oo 1 offtfololo
& . -
ot]. o [{1}] o H4 o1| o o\o 1 o [T 0] o {1
" fx Q‘J X Hxﬁ 1| x x‘x X 1 [{x} ] X [{X
10 m 1 X lx ol ) o | x X 40& 1] xfex
AT | o 4 et o
d=BD+CD+BTD+BC+A e=BD+cb 1=A+TD+BT+80
For g 5

ot fraslald o §1

1 BEX X)X
o

o it | x|

9=A+BC*EC’°U

An up thrust for knowledge

_ Fig. 4.12.13 - :

TECHNICAL PUBLICATIONS ™~

Scanned by CamScanner



Combil
Digital Fundamentals 4-128 nationel Digitgy o)
Logic diagram
A B c D
8D
) N
T—1
be i cD
| D
cb
7
] c
[]] =
cD
_ BCD ¢ d
BC ;
| , 1o} J ¥
| =

Z Gt Glipiid
Solution : Referring the truth table from Table, 4129 we can implement BCD-o/
segment decoder for common anode as shown in the Fig. 4.12.15.

m Basic Connection for Driving 7-Segment Displays
Fig. 41216 and 4.12.17 show the basic connections of BCD to seven segmen
decoder/driver for common-anode and common-cathode displays, respectively. In both
the circuits, current limiting resistors are placed in series with each display segment
Looking at the figures, we can observe that common anode decoder/driver sinks curre®
whereas common-cathode decoder/driver source the current to each display segment.
Now we will see the pracﬁcal decoder/driver ICs, their pin connections, functio
description and features. :

TECHNICAL PUBLICATIONS™ An up thrust for knowledge

n damentals

p,g/tﬂ’ Fi . 4-129
E : Combinational Digital Circuits

Active Low Oy
puts
For Common Anode
Display

%
01
0,
04
o,
Og
Og

4:16
Decoder 7

NC - Not Connected

Fig. 4.12.15 BCD-to-7 segment decoder using 4 : 16 decoder

. . +Veg
*Vee ;Commun .
. -—1 -
. a R a
: > w2
A c WA L Seven
B Common segment
BCD anode d awn—3] common
inputs c decoder/ * anode
driver g__ww;_i display
P ) '__w—'l
GND
_L Current limiting .
— resistors G

. - 0= s isplay
Fig. 4.12.16 Basic connections for driving common anode disp

for knowledge
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iy

T" Vee
I—
" R g, ﬁ
> pww—2
A [
& AMWW— Seven
BCD B conf n A d segment
inputs) decoder/ N cathode
. driver e MW e display
P F aw—
GND

m

Current limiting
resistors Common

Fig. 4.12.17 Basic connections for driving common cathode display

IC 7446A, T447A and 74LS47 '

The 7446A, 7447A and 741547 ICs accept four lines of BCD input data and give
open collector outputs to drive the individual segments directly. Each segment outpyj,

guaranteed to sink 40 mA (24 mA for 74L547) in the'ON (LOW) state. As the outputsf | ,

these ICs sink the current, it is suitable to drive common anode seven segment disp]ays_

Fig. 4.12.18 shows the pin diagram for 7446A, 7447A and 74L547.

A e

,,,,, o S| 7] Veo
m[2] 151
R
B7REG [ 4] 74LS47 [13]3
mE e [
degodarl
A, E driver E c
r[7] ‘ [10]3
e8] ’ BE

Fig. 4.12.18 Pin diagram for 7446A, 7447A and 74LS47
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) 4-131 ‘
pins Ao, Ay, Ag and Aj repregen; B Combinational Digital Circuits

s CD i

as a most significant by ’ Inputs iy
3 sf-sa % active Jow"cufputs, :e(MSWIE)K.‘ Pins 3 fhyq,, gh‘;o;: 2 least significant bit (LSB)
e = se,

‘ON’, The test lamp i = t ouf Beven segment outputs.

s made operly or not. Whp D f”‘“’icletrllmt 8o low (active state) Seg;\mt

(king PTOPerY - When LT pip, ; to test wi !
WO s all diSplay terminals QN (e, oW with T e ol segments are
1C drive  f  blanked B N (active 1ow). Whep the B\Pif\ﬂpen or at logic high,
outputs gl Pin also functigng '* BI/RBO pin is pulled low, all
250 along with RBI can 1 as a ripy), TRsp g
1/RB e used to provide tipple b appl .&bla"hng output terminal.
single, g feature discussed later.

is conng

Fig: 4.12.19 shows a circuit to drive a
displa}" For common anode, when anode

s applied to @ cathode to turn it op, Here, BCD 1 gey, Pply, a low voltage
ased to apply low voltages at cathodes according to BCD“".‘ Segment decoder, IC 7447 is
the current through. LED segments, Tesistors are cmnmeﬁ‘{’“t aF’Pllfbd.to 7447. To limit
This circuit connection is referred to a5 5 static or non-muln“; series with the segments.
is being passed through the display at all imes, Plex display because current i

BV

X | : r—.v

e e

— i
Ao A—w 4
21A R b
BCD 1 B—ww— ;i
inputs 6 _ . R {
K [ A — r‘ i
7|a ic R i
5V 1° 7447 —W— - ;
{ b x‘
N
:,
5em W :

3t 8 9 MAN

_Fig. 4.12.19 Circuit for driving single seven segment dlsplay using 744617447

The value of the resiétor in series with the segment can be calculated as follows :
We know, V¢ — drop across LED segment - R=0" []
Drop across LED segment is nearly 1.5 V.
R = Vee-15V i
= 5-15V

=35V
LIGATIONS ™~ An up thrust for knowisdge
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Each LED segment requires a current of between 5 and 30 mA to light

assume that current through LED segment is 15 mA Let W
R = 35V
15 mA
= 233Q

In practice, the voltage drop across the LED and the output of 7447 are
predictable and the exact current through the LED'is not critical as long as v, ;xa(‘tly
exceed its maximum current rating. Therefore, a standard value 220 Q can be yg 0 gt

ed,
(a) Cascaded Non Multiplexed Displays

Several sets of seven segment displays and associated decoder/drivers IC; |,
cascaded to make multi-digit display system. Fig. 4.12.20 shows the COnnecﬁ:n be
cascaded multi-digit display system. R
+5V

EZED .
u|—op, - af—o0P, u |- or,
1 )' J 3 T J -
3$3333ss 355553 % >
223333 3
R :;:E:;EE:;:;% R 5:5:5:5:5;5:% R| 232222 [ o
DPy=— todrive
DP. decimal
. points
g|f [eld|clb(a g|f leld[c|bla g|f le[d|c|b|a
Dscoder/driver . Decoder/driver Decoder/driver
As Ay A A Ay Ay A Ay : Ay Az A Ao
—— ~———
Digit 2 Digit 1 ET’/

BCD inputs
Fig. 4.12.20 Cascaded multi-digit non multiplexed display system

(b) Ripple Blanking in Multi-digit Displays .

If the display system shown in Fig. 4.12.20 is used to display count of 8 thef! .
actually gives the reading 008. Similarly, if it is used to display 0.2, it actuﬂu_)’ g%‘]
reading 0.20. These leading and trailing zeroes can be automatically blanking using i
and RBO signals of the IC 7447 decoder/driver. The technique of blanking leading 2"
trailing zeroes is called ripple blanking.

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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§ C’m.,
J

/ F‘”,d.gmenlala

Resistor |~
bank
Il

Decoder/dr‘:ver

Decoder/driver
RB|

RBI

RBO

Digit 1

BCDinputs
Fig. 4.12.21 Circuit for blanking leading zeroes

Fig. 412.21 and 4.12.22 show circuits to provide g .
le b] N
and trailing zeroes. P Tipple blanking for leading zeroes

Ao
L D Y Y,
T AN

Ay Ag A
B Ay Ay A Ay Ay Ay Ay A A A Ay io%m‘.'&
Digh 3 Digh2 Dig 1
BCD inputs.

Fig. 4.12.22 Circuit for blanking trailing zeroes

Knowledgo
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Digital Fundamentals 4-134

To understand the working of signals RBI and RBO we will see the interny Q:W

for these two signals, as shown in Fig. 4.12.23. ; g |

Ao

BCD] Ay
inputs| A,
As

RBO
RBI

Fig. 4.12.23 Internal circuit for' RBI and RBO signals

When RBI is low (activated) and all the BCD inputs are zero, then RBO gois ]
Looking at Fig. 41221 we can observe that when there is leading zero, digit ;w
B

blanked and it sets RBI zero for adjacent digit (digit 1), so that if BCD-i_npmsf
adjacent digit (digit 1) are zero, the digit is blanked. o

In case of trailing zero the process of blanking starts from the right most digit, Her

digit 0 is' blanked if all BCD inputs to the digit 0 are zero. If so, RBO for digit o goé ;

low and therefore RBI input for digit 1 is low. Now if all BCD inputs of the digit 1
zero then digit 1 is blanked. N

(c) Multiplexed Displays

Untill now we have seen static or non-multiplexed display circuits. These circu
work well for driving up to four LED digits. However, these circuits are not suitable fo
driving more LED digits, say 8 digits. When there are more number of digits, the firt
problem is a power consumption. For worst-case calculations, assume that all eight
digits with all segments are lit. Therefore, worst case current required is e
§ 1 = 8 (digits) x 7 (segments) X 15 mA (current per segment)

= 840 mA

A second problem of the static approach is that each display digit requires a separal
BCD to 7 segment decoder: To solve the problems of the static non-multiplexed display
approach multiplexed display method is used. Fig. 4.12.24 shows the 4 seven segment
displays. connected using multiplexed method. Hére, common anode seven segmert
LED:s are ‘used. ‘ :

Anodes are connected to + 5 V through transistors. Cathodes of all seven segmf‘ﬂts
are connected in parallel and then to the output of 7447 IC through resistors. L00@5 i
the Fig. 446, the question may occur in our mind that, “Aren’t all of the digits going b
display the same number ?” The answer is that they would show the same number 0%
if all the digits are turned-on at the same time. However, in multiplexed display e
segment information is sent for all digits on the common lines (output lines of 7‘.14 d .:;
only one display digit is turned on at a time. The PNP transistors connected it s]::re

with the common anode of each digit acts as an ON and OFF switch for that digit
is how the multiplexing process works.

TECHNICAL PUBLICATIONS”- An up thrust for knowledge
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B CcD code for digit 0is first ComblnallonalDIgilalClmults

e ( apoli

T ¢ decoder outputs the conespon;;f\hed 0 the 7447
seg™ ‘The transistor Qp connected 1o gjgy; 08. SeVeN sogmens s 7447, BCD to seven
n¢¥ " 1) of the rest of the contro} is then € on the segment bus

jine® lin
S 1 After 25, digit 0 is tumeq.ggy g "2 igh on by corresponding control

e RV . ed‘Offby - to ensure no other digi
h;l; for digit 1 is then :agphed and the contrg] & % all contr] inputs hi; Tﬁ::éx;
¢ or next 2 ms, digit 1 is turned-off anq ﬂlput for digit 1 is made Tow % furn it
0 it |

ON- ' " .
[ After completion of turn for eachy digit, all thep l:lce's: e g2 e
e rofoss .ratg is fast enough thas ¢ Bit 1 every 8 ms or about 125°
s will appear to be lit all the time, 1O e and due o prsstence of
o b ultiplexed display, the segment current is
o ey will appear as bright as they woulq
eresse d segment current, multiplexing ,
components. |

I+5V

get back to

kiefpt In'between 40 mA to 60 mA so
not multiplexed. Even with - this

: .

8Ives a large saving in power and hardware

BCD inputs
<
b
S

Segment bus

Q
z
o

i1

Control inputs

" Fig. 4.12.24 Seven segment dis

i X knowledge
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. IC 74X49 Seven Segment Decoder

Comblnatlcnal Diﬂ”al
. » S

— (11
= v
i
(10 )
iE= By,
(a) L_oglt: symbol -
K | © 3
—9
|
—a.
—3 > ®_,
— 4
-
(6)
e
o
' - 12)
(12) g
> ,
d
(b) Logic diagram §
Fig. 4.12.25 The 74X49 seven segment decoder
. ) . ! A
The Fig. 4.12.25 shows the pinouts and the logic diagram for IC 74X49, 4bit BCP

seven segment decoder. It has active-low blanking BL input. When BL input is a

the outputs are logic 0. The Table 4.12.11 shows the truth table for IC 74X49.

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

ctiva

N S oA =

- Draw logic diagram of 3-line to 8-line decoder.

- What is difference between demultiplexer and decoder ?
- Compare and contrast : Multiplexer and decoder.

- Give applications of decoder. ' '
 Design full adder using suitable decoder.
Design 4x16 decoder using two 3 8 decoder

R 5 ;
fun damgnfﬂls 4137
o 2
Inputs Combinational Digital Circuits
— B Quy p—
Bl D C B A g b tputs
. X
0o X X X x| g 4 e £ g
; . LI S
1 0 0 0 0 1 0 0 0
17 gy
1 0 ‘0 0 1 0 1 1 1 ‘0
. 1,
1 0 0 o0, 0 0o o
L \
1 0 0 1, 1 1 . 1
' R 1
1 0 1 0 0|
18 1 0 0 )
1 1
1 0 1 0 1 1 0 1
o 1 1 . 1 0 1 1
1 0 0
| O TaaF gt gy
1 0 1 1 111 .
L1 0 o 9
1 1 0 0 0 1
L S R
1 0 0 !
1 1 .i 1 1 1 0 0 1 i
11 0 1 -0 N N
.1 1 0 1 1 l 0 0 1 1 0 0 :
1 1 1 0 0 11 0 1 0 0 0 1 1
1 1 1 01 \ 1 0o 0o 1 0o 1 1
1 1 1 i 0}o0 0-0 1 1 1 1
| §
1 1 1 1 1 i 0 0 0 0 0 0 0
Table 4.12.11 Truth table for IC 74X48
Lo ussins
. What is decoder ?

GTU : Summer-18, Marks 4
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TEGHNICAL PUBLICATIONS™ An up trustor

Scanned by CamScanner



Comblnérlon
al Digitg, o mentals

Digital Fundamentals 4-138

Encoders
e An encoder is a digital circuit that
performs the inverse operation of a 0 ..

decoder. inputs
® An encoder has 2" (or fewer) input lines ag,
i Outp,
and n output lines. . Ensble U

inputs

e In encoder the output lines generate the
binary code corresponding to the input Fig. 4.13.1 General slrumzu,.9 of on
Cog,

value.
® The Fig. 4.13.1 shows the general structure of the encoder circuit. Ag showy, ; o

Fig. 4.13.1 the decoded mformatlon is presented as 2" inputs prodqug ™ po 1::

U

outputs.
Decimal to BCD Encoder
¢ The decimal to BCD T4XX147
_encoder,. usually ‘has ten ) x indicates don't care condition
:15;1; hh:;s and four - ) Table 4.13, : Truth table for declmal to BCD encoder
. p|e,4.13.1 | erfa 7
e The decoded decimal 13) st
data acts as. an input for )
encoder and encoded Decimal BCDogpy | Solution :
BCD output is available inputs @) Heo
on the four output lines. -(3) L T
R ¢ The Fig. 4.13.2 shows the (4) Fé RS RS RS RS R:[E
logic symbol for decimal : ) 3 3%
to BCD encoder IC, IC ’
74XX147. ©
e It has nine input lines
: Fig. 4.13.2 Logic symbol for 74XX147 (Decimal to BCD
and four output lines. encoder)
* Both input and output ) - ) )
lines are asserted active low. ; k ; o 4 4o “L SL _
o Itis mportant to note that there is no input line for decimal zero. When t i ; " '
condition occurs, all output lines are 1. : i _l —.l =17 —i —l —LI—‘IJ :
‘The function table for the 74XX147 is shown in Table 4.13.1. :
. ' “]—' encogier

BCD
Fig. 4.13.3 Ten key keypad Interface using d“""" P

7 nowedp
TECHNICAL PUBLICATIONS - Anup Mrus?for 9
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Priority Encoder

e A priority encoder is an encoder circuit tl'\at
includes the priority function. In priority
encoder, if two or more inputs are equal to 1 at
the same time, the input having the highest
priority will take precedence.

e Table 4.13.2 shows truth table of 4-bit priority

4-140

encoder.
e Table 4132 shows D; input with highest
priority and D, input with lowest priority. X 1

* When Dj input is high, regardless of -other
inputs output is (Y; Y, = 11) 11.

® The D, has the next priority. Thus, when Dy =0

and D, = 1, regardless of other two lower priority input, output is 10.

¢ The output for D, is generated only if higher priority inputs are 0, and so on,

2 . 1
Table 4.13.2 Truth table
priority encoder of by

* The output V (a valid output indicator) indicates, one or more of the inputs 4,
equal to 1. If all inputs are 0, V is equal to 0, and the other two outpyy
(Y; and Yy) of the circuit are not used. N

Exampie 4152 [
Solution : Refer Table 4.13.2.
K-map simplification

F F

D,Ds or Y, DD or V
DO\ 00 01 1110 DyD; 10 DO\ _00 01 11 1o
_ — T
oo x |17 1‘1‘ 0 oof o |1 [ 1)
i 7 N
o1 o li1 [i1 1d 0 ot b1 [ 1Al 3

i
1o fi1]i1 1H 0 1 1] 1)
i

, 1] 1
o] o Bl YL - 1 oplo

Yo =Dz +DD, V =Dy+ Dyt Dyt Dy

Fig. 4.13.4

"TECHNICAL PUBLICATIONS™- An up thrust for knowledge

ntals = -
pite! pundamT— 4-141
4l diagram . Combinational Digital Circuits
Lo D3D, p, 0, ;
L4 .
§
i
- {
1 | }
L] :
. Yo, {
—1—1 | .
D
l A !
= '

Fig. 4135
ﬂm Priority Encoder IC (74xx14g)

o ‘The IC 74XX148 is an 8-input Priority encoder,
low inputs and provides a binary representation

« A priority is assigned to each inp
simultaneously active, the input
output.

o Input Ij has least priority and input I; has highest priority.
o Fig. 4.13.6 shows pin diagram'and logic symbol for IC 74XX148.

ARE| $ _
L[] E_?) [-::lulnu =\ mlml(:)lm l(sx

It accepts data from eight active
on the three active-low outputs.
ut so that when two or more §

! " nputs are
with the highest priority is represented on the

" [ I
sl 2]
R[] g
% mp
el s
(a) Pin diagram (b) Loglc symbol
- Fig. 4136
TECHNICAL PUBLICATIONS‘- Anup MMIMW’@
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El i i i the Bl will force al]
El is the active low Enable Input. A high on v Outpygg
. inaisﬁve (high) state and allow new data to settle without Producing ermtouh
information at the outputs. L i n
e A Group Signal (GS) is asserted when the device is enabled and one or

i d tive. Morg
the inputs to the encoder are active. ¢

e Enable Output (EO) is an active low signal that can be used to cascade o
priority encoder devices to form a larger priority encoding system. Verg

e When all inputs are high, ie., none of the input_ is active, the EQ goss
indicating that no priority event connected to the IC is present. ) loy,
e In cascaded priority encoders, EO is connected to the EI input of the neyy o
priority encoder. s Wer
e The Table 4.13.3 shows the truth table for 74XX148 priority encoder.

. ik

Table 4.13.3 Truth table for the 74XX148 priority encoder

Octal to Binary Encoder

e Fig. 4137 shows octal to binary
encoder. It has eight inputs, one for
each octal digit, and three outputs that
generate the corresponding binary code.

* In encoders it is assumed that only one
input has a value of 1 at any given
time;  otherwise the
meaningless.

o Table 4134 shows the truth table of
octal to binary converter.

circuit  is

1

Table 4.13.4 Truth table of octal-to-bin”
encoder

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

damentals

pigtel 2 4143
___Combinationaf
D; Dg Dy ional Digital Circuits

D, D, D, D‘. Do

*—
A=°¢"°s+05¢o, .
—| :
B=D2+Da*Da+D,
(::D‘I +DS*°5+D7
Fig. 4137 Octa o binary ancoder
» The above circuit has one more ambipyj : .

guity that when a]) inputs are 0s the outpuits
generated when Dy = 1, This ambiguity can be
output that specifies the valid condition.

are 0s. The zero output can also be
resolved by providing an additiona}

m Encoder ICs

/| &input ]
Table 4.13.5 Em;ndcr ICs

1. What is encoder ?
2. Define priority encoder. : .

IET Adders '

Digital computers. perform various arithmetic operations. The most basic operation,
no doubt, is the addition of two binary digits. This simple addition consists of four
possible elementary operations, namely, :

0+0 =0
0+1 =1
1+0 =1
1+1 = 10,

: - i igi hen the last
The first three operations produce a sum whose .lengﬁ\s;;‘f‘; ait&‘;'l:";; &isenreszlt e
g " 2 peformed, i, b 0 G610 Thil :l\ier'l'he logic circuit which performs

lled o carry, and lower significant bit is calle

{TIONS™ Knowledge .
TEGHNICAL PUBLICATIONS ™ An up thrustfof .
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Digital Fundamentals 4-144

(two significant bits and a previous carry) is a full-adder.

Half Adder

binary outputs : sum and carry. The truth table shown in Table 4.14.1
between input and output variables for half-adder operation.

A —_—
Half

Inputs adder

Fig. 4.14.1 Block schematic

N RN - A\ N \ .
Ta‘ble 4.14.1 Truth table for half-adder

K-map simplification for carry and sum
For sum

A —g

B —

Sum =AB + AB
=A®B
Fig. 4.14.2 Maps for half-adder

Limitations of Half-Adder :

Carry =AB

this operation is called a half-adder. The circuit which performs addition of u\l’eeb
i

C
ombinationg) D’U"&I Ch, | . Fu”d,,mqntals

Uty

Ity

The half-adder operation needs two binary inputs : augend and addend bits; ap,

gives the 'elagz:

Carry

Outpyg

B — Sum

of half-adde,

Logic diagram

D— Sum

Carry ‘

Fig. 4.14.3 Logic diagram for
half-adder

In multidigit addition we have to add two bits along with the carry of prévious digit
addition. Effectively such addition requires' addition of three bits. This is not possible

with half-adder. Hence half-adders are not used in practice.

Example 4.14.1

Solution : For half adder : A
Sum = AB+AB C,y =AB ©
= AB+AB - =AB
= AB.AB

Fig. 4.14.4

TECHNICAL PUBLICATIONS™- An up thrust for knowledge

pigité
Full Adder Combinationaj Dlﬁnal Circuits
A fuu_z,‘;l‘der is a combination,) circuit gy
T consists of three inputs ang two o ¢ formg arithmet;

i B represent the two o LU, T e, S
"4 B, significant p; N . b
A : from the previacy o & .x'ts to be a4 } t:i‘:-t v.a!'lablx, denoted by
ey in Table 4142 "Enificant posion, 1y, i o TSRS
: e for full-adder is

Cin
A .
Full
5 adder Sum
cm.ﬂ
7 Fig. 4145 Block schematic of
full-adder

i
Table 4.14.2 Truth table for full-adder

K-map simplification for carry and sym

For carry (C, )

11

Cout=AB+AC;+B Gy Sum = A BC,+ABC,+AB C,+ABC,,
" Fig. 4.14.6 Maps for full-adder

Logic diagram

-
A Cr
B X
T
A - Sum
N C | D
in ) %
in
o :
in C

5

: ' Il-adder
Fig. 4147 Sum of product implementation of

" Knowledge
TECHNICAL PUBLICATIONS - Anup thrust for
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:i?xiepli?:;e:sn f;;z‘c;o? for sum can be furher g, ' Subtractors ; ' Combinationa Digitel Gircuits
Sum=A BCp,+ABCy,+ABCy,+ABCjp . The S“b: fC: - ansm of four possipie elementary. :

=Cin (AB+AB)+ Ty (AB+AT) 0-1 - 1 vt OPerations, nameyy,

=Ci(A ® B)+Cy, (A®B) 1-0=1 "

=Cin (A® B)+ Cp, (A® B) 1-1=0

Fig. 4.14.8 Implementation '
=Cip ®(AD B) o SATon of fullggy, in all operations, each subtraheng by ;4
second operation the minuend p; is vt

borrOWed' Just as there are half anq full-

cted ; ;
ftr:m the minuend bit, In case of
€ subtrahend bit, hence 1 is
are half ang full-subtractors,

With this simplified Boolean function circuit for full-adder can be implemep,
shown in the Fig. 4.14.8. =0

Full adder using two half adders ) ﬂﬂl Half Subtractor

A full-adder can also be implemented with two half-adders and one OR ga, A half-subtractor is a combinationa] .Circuit
shown in the Fig. 4.14.9. The sum output from the second half-adder is the exclusi‘,e:o? that subtracts two-bits and produces their

of C;, and the output of the first half-adder, giving difference. It also has an output to specify if 3
. { has been borrowed. Let us designate

smaller thyy
ad

ders, there

Cout = AB+A Cy, +B C_in = AB+A C-in_(B+B)+B Cin (A+A) minuend bit as A and the subtrahend bit ag
= AB+ABCj, +A B Cy, +ABCy, +A BCy, = AB(1+Cj, +Cip) +A BCy, +ABC, B. The result of operation A - B for ay
— — . i lues of A and B i i
= AB+ABC;, +ABCy, = AB+Cj, (AB+AB) = AB+C;, (A © B) f:ﬂi; 1 and B is tabulated in
able 4.15.1.
First half-adder ~~  Second half-adder As shown in the Table 4151, Table 4.15.1 Truth table for
A NG, © (A B) half-subtractor has two input variables and half-subtractor
B sum two output variables. The Boolean expression for the outputs of half-subtractor can be

C, (A8 determined as follows.

K-map simplification for half-subtractor -

For difference For borrow v
Fig. 4.14.9 Implementation of a full-adder with two half-adders and an OR gate '

Review Questions

1. Design a full adder
2. Define half adder and full adder.

3. Draw a block diagram of half adder. Write truth table. Draw logic diagram. . ' Difference = AB + AB Borrow =AB
4. Write a truth-table for half adder, reduce the equation using K-map and design half adder usitg =A®8 Fio. 4454
logic gates. ) : G

5. Define full adder. Draw logic circuit and truth table of full adder.

6. Implement full adder using two half adders. 4l A
7. Explain half and full adders in detail — e
. (CATIONS™= An up thustor K
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Llr;ﬂeatlons of half-subtractor : Logic dlagrém

In multidigit subtraction, we have to A—‘——,D\
subtract two bits along with the borrow of g . D'ﬁefencs
m Borroy

the" previous digit subtraction. Effectively
Fig. 4.15.2 Implementation of hajf.g
llbtra%'

such subtraction requires subtraction of
three bits. This is not possible with
half-subtractor.

RSN
Example 4.15.1 }\ alfs

R e

Solution : For half subtractor :

Difference = A B+AB
= AB+AB =AB
= AB-AB
Implementation :
A B
A B
AB.-AB= Difference
ﬁ= Borrow

" Fig. 4.15.3

m Full-Subtractor

A full-subtractor is a combinational circuit that performs a subtraction between 0
bits, taking into account borrow of the lower significant. stage. This circuit has fhoee
inputs and two outputs. The three inputs are A, B and By, denote the minuend;
subtrahend, and previous borrow, respectively. The two outputs, D and Bg,y represt’—‘l‘
the difference and output borrow, respectively. The Table 4.15.2 shows the truth tabe

-for full-subtractor. A

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Fundgmentals

D= AEBini-KaEh,, BB, + ABB,
: 5 i

out
0 01 14 4o

0011’1

BB, ‘For B

Table 4.15.2 Truth table for - ool o
full-subtractor

Boy= ‘_\BMJBJ:BB,"

ic diagram
Log Fig. 4.15.4 Maps for full-subtractor

A
B
BIn
7
B
By
A D
8
an

.A
B
Bin
Fig. 4.15.5 Sum of product impl of full-subtr

The Boolean function for D (difference) Q 5& D-
can be further simplified as follows : B~ Lo

D=ABB, +ABE, +ABB, +ABB,

=By, (AB+AB)+B;, (AB+AB)

= Bin (A®B)+ B, (A® B) \'_
=By (A®B)+ B, (A® B)

= Bj, ®(A® B) ' By

_With this simplified Boolean function Fig, 415.6 Implemen
MUt for  fullsubtractor can  be :
"™Plemented as shown in the Fig. 415.6.

Bout

tation of full-subtractor

{ for knowledge
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A full subtractor can alsa.be impleménted with two half-subtractors and
gate, as shown in the Fig. 415.7. The difference output from the second half‘subh:e 0
the exclusive-OR of By, and the output of the first half-subtractor, which j | a;t\:,i'
difference output of full-subtractor. ‘ o ey

The borrow output for circuit shown in Fig. 4.15.6 can be given as,

ABy +AB+BBy,
ABj, (B+B)+AB+BBj, (A+A)
= ABBy, +ABBy +AB+ABBy +ABBj,

Bout =

= v=»KB(B,~n+1+Bm)+K§B'in+AB'Bm
= AB+ABBy, +ABBj,
= AB+By, (AB+AB)
‘= AB+Bj, (A®B)

This Boolean function is same as borrow out of the full-subtractor. Therefore, we @
implement full-subtractor using two half-subtractors and OR gate. .

First half-subtractor . Second half-subtractor

:

i

A = i g
B - Difference
B
it
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