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INTRODUCTION ABOUT DIGITAL SYSTEM

A Digital system is an interconnection of digital modules and it is a system that manipulates
discrete elements of information that is represented internally in the binary form.

Now a day’s digital systems are used in wide variety of industrial and consumer products such as
automated industrial machinery, pocket calculators, microprocessors, digital computers, digital watches,
TV games and signal processing and so on.

Characteristics of Digital systems
o Digital systems manipulate discrete elements of information.
o Discrete elements are nothing but the digits such as 10 decimal digits or 26 letters of alphabets and

S0 On.

o Digital systems use physical quantities called signals to represent discrete elements.
o In digital systems, the signals have two discrete values and are therefore said to be binary.
o A signal in digital system represents one binary digit called a bit. The bit has a value either 0 or 1.

Analog systems vs Digital systems

Analog system process information that vanes continuously i.¢; they process time varying signals
that can take on any values across a continuous range of voltage, current or any physical parameter.

Digital systems use digital circuits that can process digital signals which can take either 0 or | for
binary system.
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Advantages of Digital system over Analog system

|. Ease of programmability

The digital systems can be used for differemt applications by simply changing the program without
additional changes in hardware.

2. Reduction in cost of hardware

The cost of hardware gets reduced by use of digital components and this has been possible due 10
advances in IC technology. With ICs the number of components that can be placed in a given area of
Silicon are increased which helps in cost reduction,

3 High speed

Digital processing of data ensures high speed of operation which is possible due 10 advances in
Digital Signal Processing.

4. High Reliabilny
Digital systems are highly reliable one of the reasons for that is use of emmor comection codes,
5. Design 1s easy

The design of digital systems which require use of Boolean algebra and other digital techniques is
casier compared to analog designing.

6. Result can be reproduced easily

Since the output of digital systems unlike analog systems is independent of temperature, noise,
humidity and other characteristics of components the reproducibility of results is higher in digital systems
than in analog systems,

Disadvantages of Digital Svstems
¢ Use more energy than analog circuits to accomplish the same tasks, thus producing more heat as
well.
Digital circuits are often fragile, in that if a single piece of digital data is lost or musinterpreted the
meaning of large blocks of related data can completely change.

Digital computer manipulates discrete elements of information by means of a binary code.
Quantization error during analog signal sampling.
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NUMBER SYSTEM

Number system is a basis for counting vanes items. Modem computers communicate and operate
with binary numbers which use only the digits 0 &1. Basic number system used by humans 1s Decimal
number system,

For Ex: Let us consider decimal number 18, This number is represented in binary as 10010,

We observe that binary number system take more digits o represent the decimal number. For large
numbers we have to deal with very large binary strings. So this fact gave rise to three new number systems.

1) Octal number systems
n) Hexa Decimal number system
ui) Binary Coded Decimal number(BCD) system
To define any number system we have to specify
Base of the number system such as 2,8,10 or 16.

The base decides the total number of digits available in that number system.

First digit in the number system is always zero and last digit in the number system is always
base-1.

Binary number system:
The binary number has a radix of 2. As r = 2, only two digits are needed, and these are O and 1. In

binary system weight is expressed as power of 2.

 Example: PV R Cp———
2 2

The left most bit, which has the greatest weight is called the Most Sigmifcant Bit (MSB). And the
nght most bit which has the least weight is called Least Significant Bit (LSB).
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ForEx: 1000L01:=[(1) =2 ]+ [(0)x 2 )+ [(0)x2' ) +[(1)=x2")+[(0)x2"]+]
(1)x2*]
100001:=[ 1 xB]+[0xd]+[0x2]+[1=x1]+[0=x0S5]+[1x025]
1001012 =925

Decimal Number system
The decunal system has ten symbols: 0,1,2,3,4.5,6,7.8,9. In other words, it has a base of 10.
Octal Number System

Digital systems operate only on binary numbers. Since binary numbers are often very long, two
shorthand notations, octal and hexadecimal, are used for representing large binary numbers. Octal systems
use a base or radix of 8, It uses first eight digits of decimal number system. Thus it has digits from 010 7,

Hexa Decimal Number System
The hexadecimal numbering system has a base of 16. There are 16 symbols. The decimal digits 0 1o

9 are used as the first ten digits as in the decimal system, followed by the leters A, B, C, D, E and F, which
represent the values 10, 11,12,13.14 and 15 respectvely.
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Number Base conversions

The human beings use decimal number system while computer uses binary number system.
Therefore it is necessary to convert decimal number system mnto its equivalent binary.

1) Binary to octal number conversion
i) Binary to hexa decimal number conversion

The binary number: 001010 011 000 100 101 110 111

— — — — — — —— ———

The octal number:; 1 2 3 0 4 & 6 7

The binary number: 0001 0010 0100 1000 1001 1010 1101 1111

— — —— —— ——— —— —— ——

The hexadecimal number: 1 2 5 g8 9 A D F

Octal to binary Conversion

Each octal number converts to 3 binary digits

Code To convert 653, to binary, just

- 000
- 001

- 010 8 5 9
- 011

- 101 110 101 011
= 110

Hegd BB “P¥5Y" 1101 0111

Octal 1o Decimal conversion

substitute code:

S~ 3O &N O

Ex: convert 4057.06s tooctal
~4x 8 +0x 8 +5x 8+ Tx8'40x8 ' +6x8°

= 2048 +0+ 404 T+ 0400937
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2095.0937 10

Decimal to Octal Conversion

Ex: convert 378.93,; tooctal

3780 to octal; Successive division:

0.93x8=7.44
(0.44x8=3.52
(0,53x8=4.16
0.16x8=1.2%8

). 73415

378.9316=572.7341x
vil) Hexadecimal to Decimal Conversion

Ex: 5C7 14 to decimal

(5x16°)+(C x16" )+ (7 x16™)

=1280+19247

= I"I‘?]r_'l
Vi) Decimal to Hexadecimal Conversion

Ex: 2598.67510

|1 6 {5":"!‘!
I6 ]tt -6

10 -2
A:l-ﬁll'll
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0.67510=0.675x16 -- 10.8

=).800x16 -- 128 |
=1800x16 - 12.8

=) 800x16 - 12.8
=0.ACCC s

2598.67510= A26.ACCCs

1x) Octal 1o hexadecimal conversion;

The simplest way 1s to first convert the given octal no. 1o binary & then the binary no. 1o
hexadecumal.

Ex: 756.603%

7 . 6
1 110

0001 1110
| F E

x) Hexadecimal 1o octal conversion:

First convent the given hexadecimal no. to binary & then the binary no. to octal.

Ex: B9F.AE16

B

1011

101
5

Complements:

In digital computers to simplify the subtraction operation & for logical manipulation complements
are used. There are two types of complements used 1n each radix system.

i) The radix complement or r's complement
i) The diminished radix complement or (r-1)'s complement
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Representation of signed no.s binary arithmetic in computers:

o  Two ways of rep signed no.s
. Sign Magnitude form
2  Complemented form
¢  Two comphmented forms
I. 1's compliment form
2 2'scompliment form
Advantage of performing subtraction by the compliment method is reduction in the hardware.(

instead of addition & subtraction only adding ckt's are needed )
1¢, subtraction is also performed by adders only.

Instead of subtracting one no. from other the compliment of the subtrahend is added to
minuend. In sign magnitude form, an additional bit called the sign bit 1s placed n front of the no.
If the sign bit is 0, the no. is +ve, If itis a |, the no is _ve.

Ex:

N N A CA O

Sign bat =+41 magnitude

1

1 jojo |1 |

= 4]
Note: manipulation i1s necessary 1o add a +ve no to a =ve no

Representation of signed no.s using 2's or 1's complement method:
If the no. is +ve, the magnitude is rep in its true binary form & a sign bit 0 is placed in
front of the MSB.1 f the no 15 _ve . the magnitude is rep in its 2°s or |'s compliment form &a
sign bit | 1s placed in front of the MSB.

Ex:

Caven no. Sign mag form 2's comp form | 1's comp form
01101 V13 w13 [+13

010111 +23 +23 [+23

10111 7 : E

1101010 -42 : =21
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Special case in 2's comp representation:

Whenever a signed no. has a | in the sign bit & all 0°s for the magnitude bits, the decimal
equivalent is -2° , where n is the no of bits in the magnitude .
Ex: 1000= -8 & 10000=-16

Characteristics of 2's compliment no.s:
Properties:

. There 1s one unigue zero

2 2'scompofOisD

3. The leftmost bit can’t be used to express a quantity . itis a () no. is +ve,

4. For an n-bit word which includes the sign bit there are (2%'-1) +ve integers,
2*! —ve integers & one 0, for a total of 2" uniquestates.
Significant information 1s containd in the 1°s of the +ve nos & 's ol the _ve
no.s
A _ve no. may be converted into a +ve no. by finding its 2's comp.

Signed binary numbers:

Decimal Sign 2's comp form Sign 1°s comp form Sign mag form

+7 0111 0111 0111
[ +6 0110 0110 0110
0101 0101 0101
0100 0100 0100
0011 0011 0011
0010 0010 0010
0011 0011 0011
0000 0000 0000

1111
1110
1101
1100
1011
1010
1001
1O

L
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Methods of obtaining 2°s comp of a no:

® In 3 ways
. By obtaining the 1's comp of the given no. (by changing all ’st1o0 1's & 1's 1o 0's) &
then adding 1.
2 By subtracting the given n bit no N from 2°
3. Starting at the LSB , copying down each bit upto & including the first 1 bit
encountered , and complimenting the remaining bits
Ex: Express -45 in 8 bit 2°s comp form

+#45 1n 8 bit form 1s 00101101
I method

1°s comp of 00101101 & the add |
00101101
11010010

+1

1010011 15 2's comp form
1 method:

Subtract the given no. N from 2"

2% = TOOOOOO0
Subtract 45= 00101101
+1

11010011 is 2°s comp

I method:

Ongmal no: 00101101
Copyup to First 1 b |

Compliment remaining  : 1101001

11010011

Ex:
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-73.75 in 12 bt 2°compform
| method
01001001.1100
101101 10.0011

+ |

101101100100 15 2°s
Il method:

2% = 1000000000000
Sub 73.75=-01001001.1100

1W110110.0100 18 2°s comp
[l method :
Orginalno s 01001001.1 100
Copy up to 17st bu 1 00
Comp the remaining bits: 101101100

101101 10,0100
2's compliment Arithmetic:

e The 2°s comp system is used to rep =ve no.s using modulus arithmetic . The word length
of a computer 15 fixed. e, if a 4 bit no. is added 1o another 4 bit no . the result will be
only of 4 bits. Carry il any . from the fourth bt will overflow called the Modulus
arithmetic,

Ex:1100+1111=1011

e |nthe 2°s compl subtraction, add the 2°s comp of the subtrahend 10 the minuend 11 there
15 a carry out , ignore it , look at the sign bit Le, MSB of the sum term I the MSB s a
(), the result is positive.& it is in true binary form. If the MSB is a * ( carry in or no carry
at all) the result is negative & is in s 2's comp form. Take its 2's comp to find its
magnitude m binary

Ex:Subtract 14 from 46 using 8 bit 2's comp artthmetic
+14  =00001110
-14  =11110010 2's comp

+46 =00101110
14 =+11110010 2's comp form of -14
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-32 ( 10O 100000 IgNOre carry
Ignore carry . The MSB 15 0 . so the result 15 +ve. & 15 i normal binary
form. So the result is +00100000=+32,

EX: Add -75 o +26 using 8 bit 2's comp arithmetic
+75 =01001011
75 =10110101 2's comp

+26 =00011010

Ty _
.75 —+ 10110101 2°s comp form of -75

-49 11001111 No carry

No carry , MSB is a 1, result 1s _ve & 15 1in 2°s comp. The magnitude 1s 2*s comp of
HOOLTTL ie, 00110001 = 49, 50 result is -49

Ex: add -45.75 to 4875 using 12 bit arithmetic

+87.5 =01010111.1000
<45.75=+11010010.0100

4175 (100101001 1100 ignore carry
MSB is (), result is +ve. =+41.75

I's compliment of n number:

* It 15 obtained by simply complimenting each bit of the no..& also , 1's comp ol a
no, is subtracting each bit of the no. form 1. This complemented value rep the -
ve of the ongmal no. One of the difficulties of using 1°'s comp 15 #ts rep o |
zero. Both 00000000 & s I'scomp 11111111 rep zero,

*  The DODODOOO called +ve zero& 11111111 called =ve zero,

Ex: -99 & -77.25in 8 bit I's comp
+99 = 01100011
-99 = 10011100

+7T1.25 = 01001 101.0100
=143 = 10110010, 1011
I's compliment arithmetic:
In 1's comp subtraction, add the 1's comp of the subtrahend to the minuend. If there 15 a

carryout | bring the carry around & add it to the LSB called the end around carry. Look at the
sign bit (MSB) . If this is a (), the result is +ve & is in true binary. If the MSB is a | ( carry or no
carry ), the result is —ve & 1s 1n its is comp form Take s 1's comp 1o get the magnitude inn
banary.
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Ex: Subtract 14 from 25 using B bit 1's EX: ADD -2510+14

29 = 0001 1001 +14  =00001110
45 = 1110001 -23 =+11100110

(100001010 =8 11110100

No carry MSB =|
CEO OO0 ] result=-ve=-1lio
M5B 15 a 0 so result 15 +ve (binary )

—+I|m

Binary codes

Binary codes are codes which are represented in binary system with modificanon from the
original ones.

Weighted Binary codes

Non Weighted Codes
Weighted binary codes are those which obey the positional weighting principles, each
position of the number represents a specific weight. The binary counting sequence is
an example.

BCD _ ; Bi-Quinary
Decimal | Excess-3 B84-2-1 ;
2401 5043210

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

WO BB =~ Eh U e W R
n'-.lﬂl'-.ﬂ-l-wh.lh-'ﬂ

Reflective Code

A code is said to be reflective when code for 9 is complement for the code for 0, and
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so1s for 8and | codes, 7and 2. 6 and 3. 5 and 4. Codes 2421, 5211, and excess-3 are

reflective, whereas the 8421 code 15 not.
Sequential Codes

A code 1s sind 10 be sequential when two subsequent codes, seen as numbers in binary
representation, differ by one. Thas greatly aids mathematical mampulaton of data, The 8421 and

Excess-3 codes are sequential, whereas the 2421 and 5211 codes are not.

Non weighted codes

Non weighted codes are codes that are not positionally weighted. That s, each
position within the binary number is not assigned a fixed value, Ex: Excess-3 code

Excess-3 Code

Excess-3 i1s a non weighted code used to express decimal numbers. The code denves
is name from the fact that each binary code s the cormesponding 8421 code plus
DOL1(3).

Gray Code

The gray code belongs to a class of codes called minimum change codes, in
which only one bit in the code changes when moving from one code to the next. The
Gray code is non-weighted code, as the position of bit does not contain any weight.
The grav code is a reflective digital code which has the special property that any two
subsequent numbers codes differ by only one bit. This is also called a unit- distance
code. In digital Gray code has got a special place.

Decimal Binary - Decimal Binary
L 1 O - .
Code | °™ °%®| Number

0 1000 1100
1001 1101
1010 1111
1011 1110
1100 1010
1101 1011

1110 1001
1111 1000

DIGITAL LOGIC DESIGN




Binary to Gray Conversion

Gy Code MSB is binary code MSB,

Gray Code MSB-| is the XOR of binary code MSB and MSB-1.

MSB-2 bit of gray code is XOR of MSB-1 and MSB-2 bit of binary code.
MSB-N bit of gray code is XOR of MSB-N-1 and MSB-N bit of binary code.

8421 BCD code ( Natural BCD code):

Each decimal digit O through 9 is coded by a 4 bit binary no. called natural binary codes.
Because of the 8.4.2,1 weights attached to it It is a weighted code & also sequential | 1t is useful
for mathematical operations. The advantage of this code is its case of conversion to & from
decimal. It is less efficient than the pure binary, it require more bits.

Ex: 14—1110 in binary

But as 0001 0100 in 8421 ode.

The disadvantage of the BCD code is that , anthmetic operations are more complex than
they are in pure binary . There are 6 illegal combinations 101010111100, 1101, 11101111 in
these codes, they are not part of the 8421 BCD code system . The disadvantage of 8421 code is,
the rules of binary addition 8421 no, but only 1o the individual 4 bit groups.

BCD Addition:

It is mdividually adding the corresponding digits of the decimal no.s expressed in
4 bit binary groups starting from the LSD . If there is no carry & the sum term is not an illegal
code , no correction is needed |If there is a carry out of one group to the next group or if the sum
term is an illegal code then 6;(0100) 1s added 10 the sum term of that group & the resulting carry
15 added to the next group.

Ex: Perform decimal additions in 8421 code
(a)25+13

In BCD 25= 0010 0101

In BCD +13 =+0001 001

38 0011 1000
No carry , no illegal code .This is the corrected sum
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(b). 679.6 + 536.8

679.6 = 10 o1l 1001 0110 BCD
+536.8 = +0101 0011 0010 1000 in BCD

12164 1011 1010 0110 . 1110 illegal codes
40110+ 0011 40110 . 40110 add 0110 to each

RPN [ 1 )OO0 (10101 (oo propagate carry
/ / / /

+1 +1 +1 +1

0010 0001 0110 . 0100

BCD Subtraction:

Performed by subtracting the digits of each 4 bit group of the subtrahend the digits from
the corresponding 4- bit group of the minuend in binary starting from the LSD . if there is no
borrow from the next group , then 6,0(01 10)is subtracted from the difference term of this group.

(a)38-15

In BCD 38= 0011 1000
In BCD -15 = 0001 0101
23 0010 0011

No borrow, so correct difference.

Ab) 206.7-147.8

206.7 = 0010 O o110 | in BCD
-147.8 = 0001 0100 o111 . in BCD

0000 1011 1110 borrows are present
0110 -0110. 0110 subtract 0110

0101 1000
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BCD Subtraction using 9°s & 10's compliment methods:

Form the 9°s & 10°s compliment of the decimal subtrahend & encode that no in
the 8421 code . the resulting BCD no.s are then added.

EX: 305.5- 1688

3055 = 305.5
-168.8= +83.1 Y's comp of -168.8

(1)136.6

+1 end around carry
136.7 corrected difference

305.510 0011 00000101 . 0101

+83L. o= 41000 00110001 . 0001 s comp of' |

8.8 in BCD

+1011 0011 0110, 0110 1011 s illegal code
+01 10 add 0110

(10001 0011 0110
+1 End around carry

0001 0011 0110 . Ol111]
= 136.7

Excess three(xs-3)jcode:

It is a non-weighted BCD code .Each binary codeword is the comresponding 8421
codeword plus 0011(3).It is a sequential code & therefore ., can be used for arithmetic
operations..It 1s a self-complementing code.s o the subtraction by the method of complhment
addition 1s more direct in xs-3 code than that in 8421 code. The xs-3 code has six mvalid states
0000001011011 1101111 It has interesting properties when used in addition & subtraction.

Excess-3 Addition:

Add the xs-3 no.s by adding the 4 bit groups in each column starting from the LSD. If
there is no carry starting from the addition of any of the 4-bit groups , subtract 0011 from the
sum term of those groups ( because when 2 decimal digits are added in xs-3 & there 1s no carry ,
result in xs-6). If there is a carry out, add 0011 to the sum term of those groups( because when
there is a carry, the invalid states are skipped and the result is normal binary).
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0110 1010
+0101] 1011

1011 (1)YO101 carry generated
propagate carry

add 0011 1o correct 010] &
subtract 0011 to correct 1100

1001 (LY =650

Excess -3 (XS-3) Subtraction:

Subtract the xs-3 no.s by subtracting each 4 bt group of the subtrahend from the
corresponding 4 bit group of the minuend starung form the LSD .af there 1s no borrow {rom the
next 4-bit group add 0011 to the difference term of such groups (because when decimal digits are
subtracted in xs-3 & there is no borrow , result is normal binary). 1 f there 1s a borrow , subtract
0011 from the differenceterm(b coz taking a borrow i1s equivalent to adding six invalid states ,

result is in x5-6)
Ex: 267-175

267 = 0101 1001 1010
175= <0100 1010 1000

PR

0000 1111 0010
+0011 0011 +0011

0011 1100 +0011
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Xs-3 subtraction using 9's & 10°s compliment methods:

Subtraction 1s performed by the 9's compliment or 10°s compliment
Ex:687- 348 The subtrahend (348) xs -3 code & its compliment are:

9°s comp of 348 =651

Xs-Icodeof 3485 =01100111 1011

I's comp of 348 in xs-3 = 1001 1000 0100
Xs=3 code of 348 in xs=3 = 100] 1000 0100

687
+651 9°s compl of 348

(1)338
+1 end around carry

339 oorrected difference in decimal

1001 1011 1010 687 in xs-3
+1001 1000 0100 1's comp 348 in xs-3

(1OOTO (10011 1110 carry generated

propagate carmry

(10011 0010 1110
end around carry

D011 0011 (correct 1111 by sub0011 and
+001 1 correct both groups of 0011 by

- — adding 0011)

0110 0110 corrected difl in xs-3 = 3304
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The Gray code (reflective —code):

Gray code 1s a non-weighted code & 15 not suitable for arithmetic operations. It 18 nol a
BCD code . It is a cyclic code because successive code words in this code differ in one  bat
position only Le, it is a unit distance code.Popular of the unit distance code.lt is also a reflective

code i.eboth reflective & unit distance. The n least significant bits for 2® through 2**'-1 are the
mirror images of thosr for O through 2°-1.An N bit gray code can be obtained by reflecting an N-
| it code about an axis at the end of the code, & putting the MSB of 0 above the axis & the

M5B of 1 below the axis.
Reflection of gray codes:

1 bat

[2bit

3 bit

[ 4bit

Decimal

4 bt binary

0
1

-

()
0l

000
001

(OCK)
L

OO0
0001

11
10

011
010

0011
0010

110
111
101
110

0111
0101
0104

01o |

0010
0011

0100
0101
0110
0111

I 100
I 101
1111
L1110
1010
1011
1001
1K)

1NN
1001
1010
1011
1100
1101
1110

DIGITAL LOGIC DESIGN

Page no. 20




M2 2 4z B2 53 Sa21 631 Ta2n T4 sl

Binary codes block diagram

Error — Detecting codes: When binary data is transmitted & processed,it 1s susceptible to noise
that can alter or distort its contents. The |°s may get changed to ('s & 1's because digital
systems must be accurate to the digit, emror can pose a problem. Several schemes have been
devised to detect the occurrence of a single bit error in a binary word, so that whenever such an
error occurs the concerned binary word can be corrected & retransmitted.

Parity: The simplest techniques for detecting errors is that of adding an extra bit known as panty
bit to each word being transmitted. Two types of parity: Oddpanty, evenparity forodd parity, the
parity bit 1s set to a _0" or a _|" at the transmitter such that the total no. of |1 bit in the word
mcluding the parity bit is an odd no.For even parity. the parity bit is set toa _0" or a _|" at the
ransmitter such that the parity bit is an even no.

Decimal 8421 code Odd panity Even panty
0000 I 0
0001 I
0010 | [
0
I

(LI
0100
0100 0
0110 ()
011l |
1K) I
. 1000 | O
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When the digit data is received . a panty checking circuit generates an error signal if the
total no of 1°s is even i an odd panty system or odd m an even parity system. This panity check
can always detect a single bit error but cannot detect 2 or more errors with in the same word. Odd
parity 1s used more often than even parity does not detect the situation. Where all (°s are created
by a short ¢kt or some other fault condition,

Ex: Even panty scheme
(@) 10101010 (b) 11110110 ()101 11001
Ans:
@ No. of I's in the word 15 even 15 4 so there 1s no error
(bi No. of |'s in the word 1s even 1s 6 so there s no error
i) No. of 1's in the word is odd is 5 so there is error

Ex: odd panty
(@10110111  (b) 10011010 (c)1 1101010

Ans:
@ No of 1'sin the word is even is 6 so word has error
 No of 1's in the word is even is 4 so word has error
i No of |°s in the word 15 odd 15 5 so there 1s no error

Checksums:

Simple panty can’t detect two errors within the same word. To overcome this, use a sort
of 2 dimensional parity. As cach word is transmitted, it is added 1o the sum of the previously
ransmitted words, and the sum retained at the transmitter end. At the end of transmission, the
sum called the check sum. Up to that ime sent 1o the receiver. The receiver can check its sum
with the transmitted sum. If the two sums are the same, then no errors were detected at the
receiver end. If there is an error, the receiving location can ask for retransmission of the entire
data, used in teleprocessing systems.

Block parity:

Block of data shown is create the row & column parity bits for the data using odd parity.
The panty bit 0 or | 15 added column wise & row wise such that the total no. of 1's in each
column & row including the data bits & panity bit is odd as
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Data 1 ' data
10110 10110
10001 10000
10101 10101
00010 00010
11000 11000
00000 00000
11010 | 111010

Error ~Correcting Codes:

A code 15 said 1o be an error —correcting code, if the code word can always be deduced
from an erroneous word. For a code to be a single bit error correcting code, the minimum
distance of that code must be three. The mmmmum distance of that code 1s the smallest no. of bits
by which any two code words must differ. A code with mmimum distance of 3 can’t only correct
single bat errors but also detect ( can't correct) two it errors, The key to error correction is that
it must be possible to detect & locate erroneous that it must be possible 1o detect & locate
erroneous digits. If the location of an error has been determined. Then by complementing the
erroneous digit, the message can be corrected , error correcting , code 1s the Hamming code |, In
this . to each group of m information or message or data bits, K parnity checking bits denoted by

pk located at positions 2 *' from lefi are added to form an (m+k) bit code word.
To correct the error, k parity checks are performed on selected digits of each code word, & the
position of the error bit is located by forming an error word, & the error it is then
complemented. The k bit error word is generated by putting a O or a | in the 2 “!th position
depending upon whether the check for panty involving the parity bit Py is satished or not. Error

positions & their corresponding values :
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Error Position

For 15 bit code
CsCiCa Gy

For 12 bit code
CiCi G Gy

| For 7 bit code

CsC:Cy

0000

0000

0o

0ool
0010

0001
0010

001
010

0011

0011

011

0100

0100 |

100

0101

0101 i

101

0

01 10

1 10

01 1 1

I 1 1

00 0

WO 00| =3 o ] e el B o] =

0 0

1
v 1 0
[

0 1
I 0 0

7-bit Hamming code:

To ransmit four data bits, 3 parity bits located st positions 2" 21&2° from left are
added to make a 7 bit codeword which 1s then transmatted.

The word format

P P

D—Data bats P-
Panity bits

Decimal Digit

For BCD
P1P2D3P4D5DaD7

For Excess-3

P1P2D3P4DSD6D7

0O 00D 000

00 o001 |1

1 10 1 00

(0 0 1

1 0 1

== -

0

00 0 0

1 0 0 |

0

1 01 0

0
0
0 11
I
1
|
|

0 0 |

O oo 2o w| &) wl -]

Sl=2 === & =

|
|
|
|
0
0 0

l
I
0
1
0
!
0
1
0
0

1
1 1 1 0 0
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Ex: Encode the data bits 1101 into the 7 bit even panty Hamming Code
The bit pattern is
PIP2D3P4D5D6DT

1 1 0 1

Bus 1,3.5,7 (P 111) must have even panty, so P, =I
Bus 2, 3, 6, 7(P: 101) must have even panty, so Py ={)
Bits 4.5.6,7 (P4 101 ymust have even parity, so P4 =0
The final code is 1010101
EX: Code word is 1001001

Bits 1,3,5,.7 (Cy 1001) —no error —put a 0 in the 1°s position—( | =0)
Bits 2, 3, 6, 7(C20001)) — error —put & 1 in the 2°s position—C2=1
Bits 4,5.6,7 (C4 1001)) —no error —put a 0 1n the 4°s posiion—C3=0
15-bit Hamming Code: It transmit 11 data bits, 4 parity bits located 2"2' 27 2°
Word format is
:FnIF: I[h qu 1D¢ |Dn ID‘.r :Pn [Il.- [D][]'.[J[l.ﬂljlﬂl_-'llﬂl.l Dl'j.

12-Bit Hamming Code:lt transmit 8 data bits, 4 parity bits located at position 2"2' 272
Word format 1s
Pr [P [Ds [Ps [Ds [De D7 [Ps [ Dw [D10]| D11 ]| D12

Alphanumeric Codes:

These codes are used to encode the charactenistics of alphabet in addition to the decimal
digits. Tt is used for transmitting data between computers & its 'O device such as printers,
keyboards & video display terminals.Popular modern alphanumenc codes are ASCI code &
EBCDIC coxde.
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Digital Logic Gates

Boolean functions are expressed in terms of AND, OR, and NOT operations, it is easier to
implement a Boolean function with these type of gates.

o g
% e =

Hugdlaw

a4 bl

Y aly TR
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Properties of XOR Gates

XOR (also @) : the “not-equal” function
XOR(X,Y)=X@ Y=XY + XY
identities:
- X@0=X
- X@l=X
- X®&X=0
- X@X=1
Properties:
- X@Y=Y@EX
- (XBY)EW=XS2(YDW)

Universal Logic Gates

NAND and NOR gates are called Universal gates. All fundamental gates (NOT, AND, OR) can be
realized by using either only NAND or only NOR gate. A universal gate provides flexibility and
offers enormous advantage to logic designers.

NAND as a Universal Gate

NAND Known as a “universal” gate because ANY digital circuit can be implemented with NAND
gates alone.

To prove the above, it suffices to show that AND, OR, and NOT can be implemented using
NAND gates only.

NOT Gate

F=(XX
g

AND Gate
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Boolean Algebra: In 1854, George Boole developed an algebraic system now called Boolean algebra. In
1938, Claude E Shannon mtroduced a two-valued Boolean algebra called switching algebra that
represented the properties of bistable electncal switching circuits. For the formal defimiton of Boolean
algebra, we shall employ the postulates formulated by E. V. Huntington in 1904,

Boolean algebra is a system of mathematical logic. It is an algebraic system consisting of the set of
elements (0, 1), two binary operators called OR, AND, and one unary operator NOT. It 1s the basic
mathemancal (ool in the analysis and synthesis of swilching circuits, It 1s a way to express logic functions
algebracally.

Boolean algebra, like any other deductive mathematical system, may be defined with aset of elements, a
set of operators, and a number of unproved axioms or postulaes, A ser of elements is anycollection of
objects having a common property. If § is a set and x and y are certain objects, then x [ Sdenotes that x is
a member of the set S, and y IS denotes that y is not an elememt of 8. A set with adenumerable number of
elements is specified by braces: A = [1,.2.3.4), ie. the clements of set A are thenumbers 1. 2, 3, and 4. A
binary operator defined on a set S of elements 15 a rule that assigns 1o each pair ofelements from S a
unigque element from S._ Example: In a®*b=c, we say that * 15 a binary operator of it specifies a rule for
finding ¢ from the pair (a.b)and also if a, b, ¢ [ .

Axioms and laws of Boolean algebra

Axioms or Postulates of Boolean algebra are a set of logical expressions that we accept without prool and
upon which we can build a set of useful theorems.

AND Operation  OR Operation  NOT Operation
Axiom! :  0.0=0 0+0=0 0=1

Axiom2:  0.1=0 0+ 1=l 1=0

Axiom3:  1.0=0 140=1

Axiomd; 1.1=1 1+1=1

AND Law OR Law
Lawl: A.0=0 (Null law) Lawl: A+D=A
Law2: A 1=A (ldentity law) Law2: A+1=1
Law3: A A=A (Impotence law) Law3: A+A=A (Impotence law)

CLOSURE: The Boolean system 18 cfosed with respect to a binary operator if for every pair of
Boolean values,it produces a Boolean result. For example, logical AND is closed in the Boolean
system because it accepts only Boolean operands and produces only Boolean results.

_ A set §is closed with respect to a binary operator if, for every pair of elements of §, the binary
operator specifies a rule for obtamming a umgue clement of §.

_ For example, the set of natural numbers N = {1 2, 3, 4, ... 9] 15 closed with respect to the
binary operator plus (+) by the rule of arithmetic addition, since for any a, b [ N we obtain a

unigue ¢ IN by the operationa + b=c¢.
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ASSOCIATIVE LAW:

A binary operator * on a set S is said 1o be associative whenever (s *v) *z=x*(v* D forall & v. 21 8.

forall Boolean values x, v and z
COMMUTATIVE LAW:

A binary operator * on a set § 5 sad to be commutative wheneverx *y=yv *xforall x, v.z e S

IDENTITY ELEMENT:
A set § s sid to have an identity element with respect 1o a binary operation * on S if there exists an element

¢ ¢ S with the property ¢ *r=x*e=xforevery xc §

BASIC IDENTITIES OF BOOLEAN ALGEBRA
*  Postulare §{ Definition): A Boolean algebra 1s a closed algebraic system containing a set X' of two or more

clements and the two operators - and + which refer 1o logical AND and logical OR sx + 0 =2

X+ (Y+I)=|X+V)+2
Kivi)=({xv):
X{y+Zl=xy+ 3

ct=(X+*VYNX+2Z)

- fnj-
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DeMorgan's Theorem

(a)(a+ b)=ab
{h-]' ab)y =a' + b

Generalized DeMorgan's Theorem

(N@+d+ . N=adb..2

(bylab. z¥=a"+b+ =

Basic Theorems and Properties of Boolean algebra Commutative law

Lawl: A+B=B+A Law2: AB=B.A

Associative law

Lawl: A + (B +C) = (A +B) +C : A(B.C) =(A.B)C
Distributive law

Lawl: A.(B + C)=AB+ AC : A+ BC =(A + B).(A +()

Absorption law
Lawl: A +AB =A Law2; AlA +B)=A

Solution:  A(1+B) Solution: A A+AB
A A+AB
All+B)
A
Consensus Theorem

Theorem|. AB+ A'C +BC = AB + A'C Theoreml. (A+B) (A +C)(B+C) (A+B)( A +()

The BC term 1s called the consensus term and 15 redundant. The consensus term 1s formed from a
PAIR OF TERMS in which a vanable (A) and its complement (A’) are present, the consensus
term is formed by multiplying the two terms and leaving out the selected variable and its

complement

Consensus Theorem1 Proof:

AB+A'C+BC=AB+A'C+(A+A")BC
=AB+A'C+ABC+A'BC
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=AB(1+C)+A'C(1+B)
= AB+ A'C

Principle of Duality

Each postulate consists of two expressions statement one expression is transformed into the
other by interchanging the operations (+) and () as well as the identity elements 0 and 1.
Such expressions are known as duals of each other.
If some equivalence is proved, then its dual is also immediately true.

If we prove: (x.x)+{x'+x')=1, then we have by duality: (x+x)-(x'.x')=0

The Huntington postulates were listed in pairs and designated by part (a) and part (b) in below
table.
Table for Postulates and Theorems of Boolean algebra
Part-A Part-B
A+D=A A.0=0
A+1=1 Al=A |
A+A=A (Impotence law) | AA=A (Impotence law)
A+ Al A. AD
| AA (double inversion law) gas
Commutative law: A+B=B+A A.B=B.A
Associative law: A+ (B +C) = (A +B) +C AlB.C) = (A.B)C
Distributive law: A.(B+ C)= AB+ AC A+BC=(A+B)A+C)
Absorption law: A +AB =A AA+8)= A
DeMorgan Theorem: — =:
{A_'*'ﬁ']:_ﬁ-_ﬂ (AB)== A+B
Redundant Literal Rule: A+ AB=A+B A.(A+B)=AB

Consensus Theorem: AB+ A'C+ BC=AB + A'C | (A+B). (A'+C).(B+C) =(A+B).[ A'+C)

Boolean Function

Boolean algebra is an algebra that deals with binary variables and logic operations.

A Boolean function described by an algebraic expression consists of binary variables, the
constants 0 and 1, and the logic operation symbols.

For a given value of the binary variables, the function can be equal to either 1 or 0.

Flvars) = expression

Set of binary Variables Operators (+, », ')
Constants (0, 1)
Groupings (parenthesis)
Variables
Consider an example for the Boolean function

Fl=x+y'2
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The function F1 is equal to 1 if x is equal to 1 or if both vy’ and 2z are equal to 1. F1 is equal to 0
otherwise. The complement operation dictates that when y' = 1, y = 0. Therefore, F1=1ifx=1
orify=0andz=1.
A Boolean function expresses the logical relationship between binary variables and is evaluated
by determining the binary value of the expression for all possible values of the variables.

A Boolean function can be represented in a truth table. The number of rows in the truth
table is 2", where n is the number of variables in the function. The binary combinations for the
truth table are obtained from the binary numbers by counting from 0 through 2"- 1.

Truth Table for F1

-

D—)—

Gate Implementation of Fl=x+ y'2

[ bt = = = ] = =] L= I

Note:
Q: Let a function F() depend on n variables, How many rows are there in the truth table of F() ?
A: 2" rows, since there are 2" possible binary patterns/combinations for the n variables.

Truth Tables

e Enumerates all possible combinations of variable values and the corresponding function
value

e Truth tables for some arbitrary functions
Fl{x,y.z), F2(x,y,2), and F3(x.y,z) are shown to the below.
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Truth table: a unique representation of a Boolean function
If two functions have identical truth tables, the functions are equivalent (and vice-
versa).
Truth tables can be used to prove equality theorems.
However, the size of a truth table grows exponentially with the number of variables
involved, hence unwieldy. This motivates the use of Boolean Algebra.
Boolean expressions-NOT unique
Unlike truth tables, expressions epresenting
a Boolean function are NOT unique.
* Example:
- Fluy.2)=x'oy'ez" + x'oyez" +
xeyer’
- Gixy.z)=x'ey'ez" 4 yeo7'
The corresponding truth tables for
F() and G() are to the right. They are
identical.
Thus, F() = G()

Algebraic Manipulation (Minimization of Boolean function)
* Boolean algebra is a useful tool for simplifying digital circuits.
* Why do it? Simpler can mean cheaper, smaller, faster.
* Example: Simplify F = x'yz + x'yz’ +xz.
F=x'yz+x'yz' +x2
=xX'y(z+2') + xz
=x'yel + x2

DIGITAL LOGIC DESIGN Page no. 33




:I“,‘-l-fﬂ

* Example: Prove
X'y'?' + X'y’ + xy?' = x't" +y?’
* Proof:
W'y'z'+ x'yz'+ xyz'

=Xy +X'yz' + X'yz' + xyz'
=xX'2'(y'+y) + yz'(x"+x)
=XZ2*]1 +yz el
=Xz +yZ

Complement of a Function

e The complement of a function is derived by interchanging (* and +), and (1 and 0),and
complementing each variable.

e Otherwise, interchange 1s to 0s in the truth table column showing F.
e The complement of a function IS NOT THE SAME as the dual of afunction.
Example
* Find G(x,y,2), the complement of F(x,y.z) = xy'z’ +x'yz
Ans: G=F = (xy'?’ +x'yz)
= (xy'?’)" » (x'yz) DeMorgan
= (W'+y+2) » (x+y'+2') DeMorgan again
Note: The complement of a function can also be derived by finding the function’s dual, and
then complementing all of the literals

Canonical and Standard Forms

We need to consider formal technigues for the simplification of Boalean functions.,
identical functions will have exactly the same canonical form,

Minterms and Maxterms
Sum-of-Minterms and Product-of- Maxterms

Product and Sum terms
Sum-of-Products (SOP) and Product-of-Sums (POS)

Definitions

Literal: A variable or its complement

Product term: literals connected by

Sum term: literals connected by +

Minterm: a product term in which all the variables appear exactly once, either complemented or
uncomplemented.
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Maxterm: a sum term in which all the variables appear exactly once, either complemented or
uncomplemented.

Canonical form: Boolean functions expressed as a sum of Minterms or product of Maxterms are said to be
in canonical form.

Minterm
Represents exactly one combination in the truth table.
Denoted by m;, where | is the decimal equivalent of the minterm’s corresponding binary

combination (by).
A variable in my is complemented if its value in b;is 0, otherwise is uncomplemented.

Example: Assume 3 variables (A, B, C), and j=3. Then, b,= 011 and its corresponding minterm is denoted
by my=A'BC

Maxterm

Represents exactly one combination in the truth table.

Denoted by M,, where j is the decimal equivalent of the maxterm’s corresponding binary
combination (by).

A variable in M,is complemented if its value in b;is 1, otherwise is uncomplemented.

Example: Assume 3 variables (A, B, C), and j=3. Then, b;= 011 and its corresponding maxterm is denoted
by M;= A+B'+C’
Truth Table notation for Minterms and Maxterms
*  Minterms and Maxterms are easy to denote using a truth table.
Example: Assume 3 variables x.y,z (order is fixed)

Minterm Maxterm

=i
Bl

Xy'?' = mp x+y+2 = Mo

xXy'z=my xty+z' =M,

Xyz =m; x+y'+2 = M3

Xyz=my x+y'+2'= My

Xy'2 = my X'+y+2 =M,

Xy'Z=ms X +y+2' = Ms

xyz' = mg K+y'+2 = Mg

= e | = O (a8 2
= OO = OO =
L E-NE - -0~

XYZ = my X+y'+2' = M .I

Canonical Forms
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* Every function F() has two canonical forms:
= Canonical Sum-0f-Products (sum of minterms)
— Canonical Product-Of-Sums (product of maxterms)
Canonical Sum-0Of-Products:
The minterms included are those mysuch that F{ ) = 1 in row ) of the truth table for F( ).
Canonical Product-Of-Sums:
The maxterms included are those M, such that F{ ) = 0 in row j of the truth table for F( ).

Example
Consider a Truth table for fy(a,b,c) at right
The canonical sum-of-products form for f; is

a

0

fila,b,c) = M1+ ma+ ma+ me 0
=a'b'c+ a’bc’ + ab'c’ + abc’ 0
0

1

1

1

The canonical product-of-sums form for f; is
fi(a,b,c) =Mge Mye Ms e My
= ([a+b+c)e(a+h'+c’)e (a"+b+c")o(a"+b"+C).

* Observe that: my=M/’

1
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Shorthand: 3 and ]

« fila,b,c)=3 m(1,2,4,6), where § indicates that this is a sum-of-products form, and m(1,2,4,6)
indicates that the minterms to be included are my, mz, ma, and me.
fila,b,c) = TT M(0,3,5,7), where TT indicates that this is a product-of-sums form, and M(0,3,5,7)
indicates that the maxterms to be included are Mg, M3, Ms, and M.
Since my= M, for anyj,
3 m(1,2,4,6) = T] M(0,3,5,7) = fila,b,c)

Conversion between Canonical Forms
* Replace 3 with T (or vice versa) and replace those j's that appeared in the original form with those
that do not.
* Example:
fila,b,c)= a'b’'c+ a'bc’ + ab'c’ + abc’

=My + M2+ Ma+ Mg
=73(1,2,4,6)
=[1(0,3,5,7)
= (a+b+c)e(a+bh’'+c’)o(a'+b+c")o(a"+b"+¢’)

Standard Forms

Another way to express Boolean functions is in standard form. In this configuration, the terms that form

the function may contain one, two, or any number of literals.

There are two types of standard forms: the sum of products and products of sums.

The sum of products is a Boolean expression containing AND terms, called product terms, with one or
more literals each. The sum denotes the ORing of these terms. An example of a function expressed as a
sum of products is

Fl=y' +xy +x'y2’
The expression has three product terms, with one, two, and three literals. Their sum is, in effect, an OR
operation.
A product of sums is a Boolean expression containing OR terms, called sum terms. Each term may have any
number of literals. The product denotes the ANDing of these terms. An example of a function expressed as
a product of sums is

F2=xly'+2){x'+y+1')
This expression has three sum terms, with one, two, and three literals. The product is an AND operation.
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Conversion of SOP from standard to canonical form
Example-1.

Express the Boolean function F = A + B'C as a sum of minterms.
Solution: The function has three variables: A, B, and C. The first term A is missing two variables; therefore,
A=A(B+B')=AB+ AB’
This function is still missing one variable, so
A=AB(C+C’)+AB' (C+C')
=ABC + ABC" + AB'C+ AB'C’
The second term B'C is missing one variable; hence,
BC=B'C/A+A’')=AB'C+ A'B'C
Combining all terms, we have
F=A+BC
=ABC + ABC' + AB'C+ AB'C'+ A'B'C
But AB'C appears twice, and according to theorem (x + x = xJ, it is possible to remove one of those
occurrences. Rearranging the minterms in ascending order, we finally obtain
F=A'B'C+AB'C+ AB'C+ ABC' + ABC
=ml+md+mS+m6+m7
When a Boolean function is in its sum-of-minterms form, it is sometimes convenient to express the
function in the following brief notation:

F(A,B,C)=3m(1,4,5,6,7)

Example-2.
Express the Boolean function F = xy + x'z as a product of maxterms.
Solution: First, convert the function into OR terms by using the distributive law:
F=xy+x'z=(xy+x)xy+z)
=[x+ x )y +x)x+2)y+2z)
= [x'+ y){x+ z)y +2)
The function has three variables: x, y, and z. Each OR term is missing one variable; therefore,
K+y=xX+y+22'=("+y+2){x' +y+7)
X+2=x+2+yy =(x+y+2)(x+y +2)
yez=y+z+00 =(x+y+2)(xX+y+2)
Combining all the terms and removing those which appear more than once, we finally obtain
F=(x+y+z)x+y +2){(xX'+y+2)(x+y+2)
F= MOM2MAMS
A convenient way to express this function is as
follows: F{x, y, z) = nM(0, 2, 4, 5)
The product symbol, n, denotes the ANDing of maxterms; the numbers are the indices of the maxterms of
the function.
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Minimization Techniques

Two-variable k-map:

A two-variable k-map can have 2°=4 possible combinations of the input variables A and
B Each of these combinations, B.A .AB(in the SOP form) is called a minterm.
The minterm may be represented in terms of their decimal designations -~ m0 for . ml for
B.n2 for A and m3 for AB, assuming that A represents the MSB. The letter m stands for
minterm and the subscript represents the decimal designation of the minterm. The presence or
absence of a minterm in the expression indicates that the output of the logic circuit assumes logic
| or logic 0 level for that combination of input variables.

The expression f= + B+A +AB , itcan be expressed using min
term as F= m0+m2+m3=Ym(0,2,3)

Using Truth Table:

Minterm | Inputs Output
A B F

0 0 0 1

| 0 | 0

2 I 0 I

3 1 | I

A 1 in the output contains that particular minterm in its sum and a 0 in that column indicates that

the particular mintermdoes not appear in the expression for output . this information can also be
indicated by a two-variable k-map.

Mapping of SOP Expresions:

A two-variable k-map has 22=4 squares .These squares are called cells. Each square on the k-
map represents a unique minterm. The minterm designation of the squares are placed in any
square, indicates that the corresponding minterm does output expressions. And a 0 or no entry in
any square indicates that the corresponding minterm does not appear in the expression for output.

A\B 0 1
oA'B'] A'B
1 AB' AB

The minterms of a two-variable k-map
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The mapping of the expressions =3 m(0.2 3 ns

B o
' §

A

0 1
1.1

3

k-map of ¥m(0.2.3)
EX: Map the expressions f= B+A

F= myp+mzYm(1,2)The k-map is

Minimizations of SOP expressions.

To minimize Boolean expressions given in the SOP form by using the k-map, look for
adjacent adjacent squares having 1°s minterms adjacent to each other, and combine them to form
larger squares to chminate some variables. Two squares are said to be adjacent to cach other, if
their minterms differ in only one vanable. (e, B & A differ only in one variable. so they may
be combined to form a 2-square to eliminate the vaniable B.similarly all other.

The necessary condition for adjacency of minterms 1s that their decimal designations must
differ by a power of 2. A munterm can be combined with any number of minterms adjacent to i
to form larger squares. Two minterms which are adjacemt to each other can be combined to form
a bigger square called a 2-square or a pair. This eliminates one vanable — the variable that 1s not
common 1o both the minterms. For EX:

mfi) and m1 can be combined to vield,
hi=mb+ml= + B= (B+

= ml and m2 can be combined to vield,
=m0+m2= + = ( + )

ml and m3 can be combined to yield,
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fi=ml+m3= B+AB=B( + =B
m2 and m3 can be combined to yield,
fa= m2+m3i=A +AB=A(B+ )=A
mg ,my myand ms can be combined to yield,

= + +A +AB

(B+ ) +A(B+ )

The possible minterm groupings in a two-variable k-map.

Two 2-squares adjcent to each other can be combined to form a 4-square. A 4-square
climinates 2 variables. A 4-square is called a quad. To read the squares on the map after
minimization, consider only those vanables which remain constant through the square, and
ignore the vanables which are varving. Write the non complemented variable if the vanable 1s
remaining constant as a 1, and the complemented variable if the variable is remaining constant as
a (), and write the vanables as a product term. In the above figure f, read as , because, along the
square , A remains constant as a 0, that is , as , where as B is changing from O 1o 1.

EX: Reduce the minterm f= +A +AB using mapping Expressed in terms of minterms, the
given expression is F=mo+mj+mz+ m=m3¥(0,1,3)& the figure shows the k-map for f and its
reduction . In one 2-square, A is constant as a 0 but B varies from a 0 to a 1, and in the other 2-
square, B is constant as a | but A vanes from a0 to a 1. So, the reduced expressions is +B.

B
A e, l . '
o 11 -~

10 [ 1
It requires two gate inputs for realization as Al
= +B (k-map in SOP form, and logic diagram.)
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The man criterion in the design of a digital circuit 1s that its cost should be as low as
possible. For that the expression used to realize that circuit must be minimal.Since the cost 18
proportional to number of gate inputs in the circuit in the circuit, an expression is considered
minimal only if it comresponds to the least possible number of gate inputs. & there is no
guarantee for that k-map in SOP is the real minimal. To obtain real minimal expression, obtain
the minimal expression both in SOP & POS form form by using k-maps and take the minimal of
these two minimals.

The |'s on the k-map indicate the presence of minterms in the output expressions, where
as the Os indicate the absence of minterms .Since the absence of a minterm in the SOP expression
means the presense of the corresponding maxterm in the POS expression of the same .when a
SOP expression is plotied on the k-map, Os or no entnes on the k-map represent the maxterms,
To obtain the minimal expression in the POS form, consider the Os on the k-map and follow the
procedure used for combining 1s. Also, since the absence of a maxterm in the POS expression
means the presence of the corresponding minterm in the SOP expression of the same , when a
POS expression 1s plotted on the k-map, 1s or no entries on the k-map represent the minterms.

Mapping of POS expressions:

Each sum term in the standard POS expression s called a maxterm. A function in two
variables (A, B) has four possible maxterms, A+B.A+ ., +B, +

. They are represented as My, My, M2, and M3respectively. The uppercase letter M stands for
maxterm and its subscript denotes the decimal designation of that maxterm obtained by treating
the non-complemented variable as a 0 and the complemented variable as a 1 and putting them
side by side for reading the decimal equivalent of the binary number so formed.

For mapping a POS expression on 1o the K-map, Os are placed in the squares
corresponding 1o the maxierms which are presented in the expression an dls are placed in the
squares corresponding to the maxterm which are not present in the expression. The decimal
designation of the squares of the squares for maxterms is the same as that for the minterms, A
two-vanable k-map & the associated maxterms are asthe maxterms of a two-variable k-map

The possible maxterm groupings in a two-variable k-map

\TINR PUPR PP
o ][9] o|[8]] 1 °|
1 |'||_||'I ||gn1' '

=8 =8
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Minimization of POS Expressions:

To obtan the mimmal expression in POS form, map the given POS expression on to the
K-map and combine the adjacent Os into as large squares as possible. Read the squares putting
the complemented vanable if its value remains constant as a 1 and the non-complemented
variable if 1ts value remains constant as a O along the entire square ( ignoring the variables which
do not remain constant throughout the square) and then write them as a sum term.

Vanous maxterm combmations and the corresponding reduced expressions are shown in
figure. In this {; read as A because A remains constant as a 0 throughout the square and B
changes from a O to a 1. f2is read as B® because B remains constant along the square as a 1 and
Achanges fromaQOtoa 1. fs
Is read as a 0 because both the vaniables are changing along the square.

Ex: Reduce the expression F<{A+BNA+B )} A'+B") using mapping

The given expression in terms of maxterms 1s f=aM(0,1,3). It requires two gates inputs
for realization of the reduced expression as

G
[ 5"

F=AB'
K-map in POS form and logic diagram

In this given expression the maxterm M: is absent. This is indicated by a | on the k-map. The
corresponding SOP expression 1s ¥ m: or AB’. This realization 1s the same as that for the POS
form.

Three-variable k-map:

A function in three vanables (A, B, C) expressed in the standard SOP form can have eight
possible combmations: A B C ., AB CA BC A BCAB C AB CABC , and ABC. Each one of these
combinations designate d by mOml.m2m3.md.mS.m6, and m7, respecuvely. is called a
minterm. A is the MSB of the mintenm designator and C is the LSB.

In the standard POS form, the eight possible combinations arecA+B+C, A+B+C |,
A‘B+«CAB+CA+B+ CA+B+CA+ B+ CA+ B + C. Each oneof these combinations
designated by Mp, M1, M2, M3, M4, M5, M6, and MT7respectively 1s called a maxterm. A 1s the
MSB of the maxterm designator and C 1s the LSB.

A three-variable k-map has, therefore, 8(=2") squares or cells, snd each square on the
map represents 4 minterm or maxterm as shown in figure. The small number on the top right
corner of each cell indicates the minterm or maxterm designation.
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00 0
] 3
A+BsClAa+B+T

I+l+£ IHI#E‘
_ (b} Maxterms

The three-vanable k-map.

The binary numbers along the top of the map indicate the condition of B and C for each
column. The binary number along the left side of the map against each row indicates the
condition of A for that row. For example, the binary number 01 on top of the second column in
fig indicates that the vanable B appears in complemented form and the vanable C in non-
complemented form in all the minterms in that column. The binary number 0 on the left of the
first row indicates that the vanable A appears in complemented form in all the minterms in that
row, the binary numbers along the top of the k-map are not in normal binary order. They are,
infact, in the Gray code. This is to ensure that twophysically adjacent squares are really adjacent,
L.e., their minterms or maxterms differ by only one vanable.

Ex: Mup the expression [=: C+ L +ABC

In the given expression , the minterms are : C=001=m; ; =10]l=ms
=(10=m:.

=1 10=ms ABC=111=m>.
So the expression is =Xm(1,5.2.6,7= 3 m(1,2,5,6,7). The corresponding k-map is

A
0

K-map in SOP form

Ex: Map the expression f= (A+B+C)(+ 4+ ) (++ )A++)(++)

In the given expression the maxterms
'A+B+C=000=Mo; + + =101=Ms; + + = 111=M+: A + + =011=M1. + +
=110=Ms.
S0 the expressionis F=aM (05,736 xM(0,3.5,6,7). The mapping of the expressionis
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K-map in POS form.

Minimization of SOP and POS expressions:

For reducing the Boolean expressions in SOP (POS) form plotted on the k-map, look
at the Is (Ds) present on the map. These represent the minterms (maxterms). Look for the
minterms (maxterms) adjacent to each other, in order to combine them into larger squares.
Combining of adjacent squares in a k-map containing 1s (or 0s) for the purpose of simplification
of a SOP (or POS)expression is called looping. Some of the minterms (maxterms) may have
many adjacencies. Always start with the minterms (maxterm) with the least number of
adjacencies and try to form as large as large a square as possible, The larger must form a
geometric square or rectangle. They can be formed even by wrapping around, but cannot be
formed by using diagonal configurations. Next consider the minterm (maxterm) with next to the
least number of adjacencies and form as large a square as possible. Continue this till all the
munterms (maxterms) are taken care of . A minterm (maxterm) can be part of any number of
squares if it is helpful in reduction. Read the minimal expression from the k-map, corresponding
to the squares formed. There can be more than one minimal expression.

Two squares are said to be adjacent o each other (since the binary designations along
the top of the map and those along the left side of the map are in Gray code), if they are
physically adjacent to each other, or can be made adjacent to each other by wrapmng around.
For squares to be combinable into bigger squares it is essential but not sufficient that their
minterm designations must differ by a power of two.

Ceneral procedure to simphify the Boolean expressions:
Plot the k-map and place 1s(0s) corresponding to the minterms (maxterms) of the SOP
(POS) expression.

. Check the k-map for 1s(0s) which are not adjacent to any other 1(0), They are isolated
minterms(maxterms) . They are to be read as they are because they cannot be combined
even into a 2-square,

. Check for those 1s(0S) which are adjacent 1o only one other 1(0) and make them pairs (2
squares ),

. Check for quads (4 squares) and octets (8 squares) of adjacent 1s (0s) even if they contain
some |s(0s) which have already been combined. They must geometrically form a square
or arectangle.

. Check for any 1s(0s) that have not been combined yet and combine them into bigger
squares if possible.

Form the minimal expression by summing (multiplying) the product the product (sum)
terms of all the groups.
Reading the K-maps:
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While reading the reduced k-map in SOP (POS) form, the vanable which remains
constant as 0 along the square is written as the complemented (non-complemented) variable and
the one which remains constant as | along the square is wnitten as non-complemented
(complemented) vaniable and the term as a product (sum) term. All the product (sum) terms are
added (muluphed).

Some possible combinations of minterms and the corresponding minimal expressions
readirom the k-maps are shown in fig: Here s is read as |, because along the B-square no
variable remains constant. Fs 1s read as  , because, along the 4-square formed byO,m;m: and
m3 , the variables B and C are changing, and A remains constant as a (). Algebraically,

fs= Mg+ +me+ms
= + C+ +

= ( +Cl+ B(C+)

,=8+C

fsisread as + |, because in the 4-square formed by m0.m2.mé6, and md, the vanable A and B
are changing . where as the vanable C remains constant as a 0. So it 1s read as . In the 4-square
formed by mo, ml, md, ms, A and C are changing but B remains constant as a 0. So it 1s read as

. 50, the resultant expression for [51s the sum of these two, i.e.. +.

f1is read as - + Jecavse in the 2-square formed by mo and mg, A 18 changing from a0
toa 1. Whereas B and C remain constant as a 0. 50 1t s read as .Inthe 2-square formed
by mg and my, C s changing from a 0 1o a 1, whereas A and B remain constant as a 0. So it s
read as  .In the 2-square formed by mo and mz , B is changing fromaOto a1 whereas A
and C remain constant as a 0. So, it 5 read as . Therefore, the resultamt SOP
expression 1s

+ 4+

Some possible maxterm groupings and the corresponding minimal POS expressions read from
the k-map are

DIGITAL LOGIC DESIGN Page no. 46




o

1

)t = (A« Byl + Tl » C)

In this figure, along the 4-square formed by M, M3, M7, M5, A and B are changing from a 0 to
a |, where as C remains constant as a 1. SO it is read as . Along the d4-squad formed by Ma,
M2, M7, and M, vaniables A and C are changing from a 0 to a 1. But B remains constant as a 1.
S0 it is read as . The mimimal expression is the product of these two terms . 1e., fi=( X )also
in this figure, along the 2-square formed by My .a w6 , variable B is changing from a Ot a |,
while vanable A remains constant as a | and vanable C remains constant as a 0. SO, read u
a4

+C. Similarly, the 2-square formed by M; andMs1s read as 4+, while the 2-square formed
by M:and Ms is read as +C. The minimal expression is the product of these sum terms, i.e, f;
= + )} + )+ +0)

Ex Reduce the expression =3 m(0.2.3.4.5.6) using mapping and implement it in AOI logic as
well as in NAND logic. The Sop k-map and its reduction , and the implementation of the minimal
expression using AOI logic and the corresponding NAND logic are shown in figures below

In SOP k-map, the reduction 1s done as:

ms has only one adjacency my , so combine ms and my into a square. Along this 2-square
A remains constant as | and B remains constant as 0 but C vanies from 0 1o 1. So read o
as A .

m3 has only one adjacency mz, so combine m3 and mg into a square. Along this 2-square
A remains constant as 0 and B remains constant as | but C vanes from | to 0. So read ot
as B,

me can form a 2-square with m: and my can form a 2-square with my, but observe that by
wrapping the map from left to nght mo, ma4 ,m2 mes can form a 4-square. Out of these mz
wditdd have already been combined but they can be utihized again. So make it. Along this
4-square, A is changing from 0 to | and B is also changing from 0 to 1 but C is remaining
constant as 0. so read it as .

Write all the product terms in SOP form. So the minimal SOP expression is

Ao o

1 1
=+ al« KB
AOT logic

DIGITAL LOGIC DESIGN Page no. 47




Four variable k-maps:

Four variable k-map expressions can have 2°=16 possible combinations of input variables such
as . B -ABCD with minterm  designations mo,mj —— . mjs respectively
in SOP foom & A+B+C+D. A+B+C+ e 4+ 4+ 4+ with maxterms MoM,, —-—

-Ms respectively in POS form. It has 2'=16 squares or cells. The binary number designations of
rows & columns are in the gray code. Here follows 01 & 10 follows 11 called Adjacency

co
AB 00 01 1" 10

00 [A+B+CrOAcBeCoDlAsB+EsDlava+E+D

& i r L]
A'I*C*JAﬁlﬂztﬁ MsBeCoDla+B+Ce0

ul | w ™

AvBeCoOA+BeCoDA+B+C+DBA+B+Cw0

ItltC*T*Iiﬂ#ﬂl¢lﬁﬁ*ﬁiil*ﬁtn
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Five variable k-map:

Five variable k-map can have 2° =32 possible combinations of input variable as

. E,-~--—--ABCDE with minterms mg, my----—-my  respectively in SOP &
A+B+C+D+E, A+B+C+ j—— 4 . with maxierms Mo M, ~——e--
My respectively in POS form. It has 2°=32 squares or cells of the k-map are divided into 2
blocks of
16 squares each.The left block represents munterms from mo to mys m whach A 15 a 0, and the
right block represents minterms from mus to ms in which A is LThe S-variable k-map may
contain 2-squares, 4-squares , 8-squares , | 6-squares or 32-squares imvolving these two blocks.
Squares are also considered adjacent in these two blocks, if when superimposing one block on
top of another, the squares coincide with one another.

Some possible 2-squares in a five-variable map are my, m; m,, m,; my my,;
My, My, My, My

Some possible 4-squares are mg, my, My, M Mg, My, My, My My, M, M, My
My My Wy, MWy, My, Wy, W) Wy

Some possible §-squares are my, m,, m;, m,, My, My, My My M, m, m,; m,
Mg Myg Mgy My My, My, My, M My, My, W, Wy,

The squares are read by dropping out the vanables which change. Some possible
Girouping s 18

tl".-“--cu‘! H...H“*l*Ci*D*E
(b) m,, m,, = BCDE My M, =B +C+ D +E
(e) m, m, My, My = BCE My My My My, = B + T « E
(d) my, my,, my,, WMy, My, Wy, My M, M, M, M;. M; M,
Wiy, m,, = CE My, = C « E
(e) my, My, M, MW, W, M, My, M, M, M, M, M, M,
My, = B « C

DE 1
ac oe o
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Ex F=¥Ym(0,1,4,5.,6,13,14,15,22 24 25 28.29.30,31) 1s SOP
POS 1s F=aM(2,3,7,89,10,11,12,16,17,18,19,20,21,23 26 27)

The real minimal expression 1s the mainimal of the SOP and POS forms,
The reduction is done as

. There is no isolated 1s

2. Mz can go only with mys. Form a 2-square which is read as A*BCLD

3. Mocan go with mz,ms and mys. so form a 4-square which is read as B°C°E*

4., Maomaiumg7 and mys form a 4-square which is read as AB°D"

5. M2mimlBml9.ml0mll.m26 and m27 form an 8B-square which is read as C'd
6.  Write all the product terms in SOP form.

So the minimal expression is

Fumin= A"BCLY+B'C'E'+AB'D +C*IX 16 inputs)

1 10
t= Anch + BEE - ABD - £0

In the POS k-map the reduction is done as:

l. There are no 1solated Os

M, can go only with M,. So, make a 2-square, which is resd as (A + B+ D + E)
3. M, can go with M,, M, and M, 1o form a 4-square, which is read as (A + B + T)

4.Mx

5. M

6. Mg

7. Sum terms in POS form. So the mimmal expression in POS is

an= AL]']C[}. T li.l‘.l:. +£‘1.1;‘I].+{..[}
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foaeBeDeFacsB+«Cxfl«C»Duk « B+ DNE =« Dy

Six variable k-map:

Six variable k-map can have 2° =64 combinations as jree—eess
—--ABCDEF with minterms mo, mj—---meg: respectively in SOP & IA+B+C+D+E+F: eeeneeses |
+ + 4+ 4+ + ) with maxterms MoM;, ————Ma:  respectively in POS form. It has
=64 squares or cells of the k-map are divided into 4 blocks of 16 squares each.

Some possible groupings in a six variable k-map

Don’t care combinations:For certain input combinations, the value of the output is unspecified
either because the input combinations are invalid or because the precise value of the output is of
no consequence. The combmations for which the value of experiments are not specified are
called don*t care combinations are invalid or because the precise value of the output is of no
consequence. The combinations for which the value of expressions is not specified are called
don't care combinations or Optional Combinations, such expressions stand incompletely
specified, The output 1s a don’t care for these invalid combinations.

Ex:In X5-3 code system, the binary states 0000, 0001, 00101101, 11101111 are unspecified. &
never occur called don't cares

A standard SOP expression with don’t cares can be converted into a standard POS
form by keeping the don’t cares as they are & writing the missing minterms of the SOP form as
the maxierms of the POS form viceversa.

Don’t cares denoted by _X" or _g’
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Ex =Y m(1,5,6,12,13,14)+d(2.4)
Or f=aM(0 3791011, 15 .nd(2.4)
SOP minimal form f.= +B +

POS minimal form [u.=(B+DN +B) +D)

=++++(+

Prime implicants, Essential Prime implicants, Redundant prime implicants:

Each square or rectangle made up of the bunch of adjacent minterms is called a subcube. Each of
these subcubes 1s called a Pnme imphcant (P1). The PI which contains at leastone which cannot
be covered by any other prime imphcants 1s called as Essential Pime imphicant (EPI).The PI
whose each | 1s covered ot least by one EPI is called a Redundant Prime implicant (RPI). A Pl
which is neither an EPI nor a RP1is called a Selective Prime implicant (SP1).

The function has umque MSP comprising EP1 is
FHA.B.C.D)=CD+ABC+AD+ B

The RP1 _BD* may be included without changing the function but the resulting expression would
not be in minimal SOP(MSP) form.

e
=ic

Essential and Redundant Prime Implicants
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FIAB.C.DFEY m(0,4,5.10,11,13,15) SPI are marked by dotted squares, shows
MSP form of a function need not be unique.

Essential and Selective Pnme Implicants

Here, the MSP form is obtained by including two EPI's & selecting a set of SPI's to cover
remaining uncovered minterms 5,13,15. & these can be covered as

(A) (4.5) &(13.15) -veeme- B +ABD
(B) (5,13) & (13,15) B D+ABD
(C) (5,13) & (15,11) =B D+ACD

HAB.CD)=+AC EPI's+ B +ABD
(OR) HKHAB.CD)= +A Covennennn EPI's + B D+ABD
(OR) HABCD)= +A ComoeeeeEPI's 4 B D+ACD
False PI's Essential False PI's, Redundant False PI's & Selective False PI's:

The maxterms are called falsemmterms. The Pl*s i1s obtained by using the maxterms are
called False PI's (FP1) The FP1 which contains at least one _()* which can’t be covered by only
other FPI is called an Essential False Prime implicant (ESPI)

F(A.B.C.D;=Ym(0.1,2,3.4.8,12)
=1t M(5.6,7.9.10,11,13.14.15)

Fais=(+ X+ N+ )(+)

All the FPI, EFPI's as each of them contain atleast one _0" which can't be covered by any other
FPI
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Essential False Pnime imphcants
Consader Function F(A . B.C.Dy=a M(0,1.2,6,8,10,11,12)

. D1 1"

EFH 1 b | !
AsB+C

. 8] T
om

T
A E'FI:'I'I:I_I"'..F' ¥ "
ala ml E—

Essential and Redundant False Prime Implicants

w

EFM
A+B+C

Mapping when the function is not expressed in minterms (maxterms):

An expression in k-map must be avalable as a sum (product) of minterms (maxterms). However
if not so expressed, it is not necessary 1o expand the expression algebraically into its minterms
(maxterms). Instead, expansion into minterms (maxterms) can be accomplished in the process of
entering the terms of the expression on the k-map.

Limitations of Karnaugh maps:

e (Convenient as long as the number of vanables does not exceed six.
e  Manual technique, simplification process is heavily dependent on the humanabilities.

Quine-Mccluskey Method:

It also known as Tabular method. It 1s more systematic method of minimizing expressions
of even larger number of vanables. It is suitable for hand computation as well as computation by
machines i.e., programmable. . The procedure is based on repeated application of the combining
theorem,

PA+P =P (P is set of hiterals) on all adjacent paurs of terms, vields the set of all PI's from which
a maimimal sum may be selected.

Consider expression

Ym(0,1,4,5)=+ C+A +A C
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hrst, second terms & third, fourth terms can be combined
(+ )+ (C+)=+A
Reduced 1o
( + k=

The same result can be obtained by combining mo& ms & m&msin first step & resulting terms
mn the second step .

Procedure:

Decimal Representation

Don‘t cares

Pl chart

EPI

Dominating Rows & Columns

Determunation of Mimmal expressions in comples cases.

Branching Method:

EXAMPLE 329 Obtain the set of prime implicants for the Boolean expression

f=Xmi0, 1,6,7,8.9, 13, 14, 15) using the tabular method.
Solution

Group the minterms in terms of the number of 1s present in them and write their binary
designations. The procedure 1o obtain the pnime implicants 1s shown in Table 3.3,

Table 33 Example 3.29

Column 2 Column 3

Binary designation ABCD ABCD

il 00O~ ¢ 0,1,59.5-00-Q
0.8(8) 000 ¢ e
L9 -001 ¢ R —
89(H) 100~ 67,14, 15(1.8)=11~P
6. 701

6. 14 (8)

9 13(4)

1. 15(8)

13 15(2)

14, 15(1)
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Comparing the terms of index 0 with the terms of index | of column |, m0000) is combined
with m (D0O1) 1o yield 0, 1 (1), i.e. 000 -, This is recorded in column 2 and 0000 and 0001 are
checked off in column 1. m(0000) is combined with m( 1000) to yield 0, 8 (8), i.e. - D00, This is
recorded in column 2 and 1000 is checked off in column 1, Note that 0000 of column | has already
been checked off. No more combinations of terms of index 0 and index | are possible. So, draw a
line below the last combination of these groups, i.e. below 0, 8 (), - 000 in column 2. Now 0, |
(1), ie. 000 - and 0, 8 (8), i.e. - 000 are the terms in the first group of column 2.

Comparing the terms of index | with the terms of index 2 in column |, m (0001 ) is combined
with my(1001) 1o yield 1,9 (8), i.e. - 001, This is recorded in column 2 and 1001 is checked off in
column | because 0001 has already been checked off. my(1000) is combined with m(1001) 10
yield 8B, 9 (1), ie. 100 =, This is recorded in column 2. 1000 and 1001 of column | have already
been checked off. So, no need 10 check them off again. No more combinations of terms of index |
and index 2 are possible. So, draw a line below the last combination of these groups, 1.e. 8, 9(1),

~ 001 in column 2. Now 1,9 (8), i.e. - 001 and 8, 9(1). i.e. 100~ are the terms in the second group
of column 2.

Similarly, comparing the terms of index 2 with the terms of index 3 in column 1,
n‘mllﬂllﬂm.,tﬂllllyhﬂﬁ. 7 (1) ie. 011= Record it in column 2 and check off
6(0110) and T(O111).

m,(0110) and m(1110) yield 6, 14 (8), i.e. =110, Record it in column 2 and check off
&(0110) and 14(1110).

my(1001) and m, ;(1101) yield 9. 13 (4), i.c. 1-01. Record it in column 2 and check off
9(1001) and 13(1101). :

S0,6,7(1),iec.0l11- and 6, 14 (8), ic. =110 and 9, 13 (4), i.e. 1-01 are the terms in group 3 of
column 2. Draw a line at the end of 9, 13 (4), i.c. 1-01.
Also, comparing the tlerms of index 3 with the terms of index 4 in column 1,

m (11} and m J1111) yield 7. 15 (B), ie. <11]. Record it in column 2 and check off
TOLLL) and 1SC100T).

m,,(1101) and m (1 111) yield 13, 15(2), i.e. | 1=]. Record it in column 2 and check off
I3 and 15.

m, (1110) and m,,(1111) yield 14, 15 (1), i.e. 111-. Record it in column 2 and check off
14 and 15.

S0, 7. 15(8),ie. <111 and 13, 15(2), i.e. 11=] and 14, 15 (1), i.e. 111= are the terms in group 4
of column 2. Column 2 is completed now.
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Comparing the ierms of group 1 with the terms of group 2 in column 2, the terms 0, 1 (1), i.e.
000 and 8, 9 (1), i.e. 100~ are combined o form O, 1, 8, 9(1, 8), i.e. <00-. Record it in group 1 of
column 3 and check ofT 0, 1 (1), i.e. 000-, and 8, 9 (1), i.e. 100- of column 2. The terms 0, 8§ (8),
i.e. <000 and 1, 9 (8), i.e. <001 are combined 10 form 0, 1, 8, 9 (1, 8), i.e. <00-. This has already
been recorded in column 3. So, no need 1o record again. Check off 0, 8 (8), ie. <000 and 1, 9 (8),
Le. =001 of column 2. Draw a line below 0, 1, 8,9 (1, §), Le. <00-. This is the only term in group |
of column 3. No term of group 2 of column 2 can be combined with any term of group 3 of
column 2. So, no entries are made in group 2 of column 2.

Comparing the terms of group 3 of column 2 with the terms of greup 4 of column 2, the
terms 6, 7 (1), i.e. 011-, and 14, 15 (1), i.e. 11]- are combined 1o form 6, 7, 14, 15(1, 8), i.e.
=1 1= Record it in group 3 of column 3 and check off 6, 7 (1), ie. 01 1-and 14, 15 (1), ie. 111-of
column 2, The terms 6, 14 (R), ie. <110and 7, 15 (8), ie. <111 are combined 10 form 6, 7, 14, 1§
(1, 8), i.e. =1 1=, This has already been recorded in column 3; so, check off 6, 14 (8), i.e. =110 and
7, 15 (8), i.e. <111 of column 2.

Observe that the terms 9, 13 (4), i.e. 1-01 and 13, 15(2), i.e. 1 1=1 cannot be combined with
any other terms. Similarly in column 3, the terms 0, 1, 8,9 (1, 8), i.e. <00-and 6, 7, 14, 15 (1, 8),
i.e. =1 1= cannot also be combined with any other terms. So, these 4 lerms are the prime implicants.

The terms, which cannot be combined further, are labelled as P, Q. R, and S. These form the

set of prime implicants.

EX:

Obtain the minimal expression for f=X m(l, 2, 3, 5,6, 7,8, 9, 12,
13, 15) using the tabular method.

Solurion
The procedure 1o obtain the set of prme implicants is illustrated 1n Table 3.4,

Table 3.4 Example 130

Step 1 Step 2 Step 3
Index | 1.3(2) 1.3, S. 74
1.514) 1.5.9, 13 (4, 8)
1.9(8) & 2.3.6.7(1.4)
Index 2 23 8.9 12 13(1.4)
2 6(4)/ 5. 7,13, 15(2, 8)
B.9(1)
B.12id)
370/
S.7(1
5. 13 (8) &
6. 7(1) v/
9, 13 (4) ¢
12, 13{lh
T, 15 (1)
13, 15¢)
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The non-combinable terms P, Q. R, S and T are recorded as prime implicants.
P=5713152.8=X1X1=BD

(Literals with weights 2 and 8, ie. C and A are deleted. The lowest minterm is my(S = 4 + 1). So,
literals with weights 4 and 1, ie. B and D are present in non-complemented form. So, read it as BD.)

Q—=891213(L.4)=1X0X=AC
(Literals with weights | and 4, i.e. D and B are deleted. The lowest minterm is my. So. literal with
weight 8 is present in non-complemented form and literal with weight 2 is present in complemenied
form. So, read it as AC.)

R=2367(1,4)=0X1X=AC

(Literals with weights | and 4, i.e. D and B are deleted. The lowest minterm is m,. So, literal with
weight 2 is present in non-complemented form and literal with weight B is present in complemented
form. So, read it as AC.)

$—1,59.13(4.8)=XX01=CD
(Literals with weights 4 and 8, i.e. B and A are deleted. The lowest minterm is m,. So, literal with
weight | is present in non-complemented form and literal with weight 2 is present in complemented
form. So, read it as CD.)

T—1,357249=0XX1=AD

(Literals with weights 2 and 4, i.e. C and B are deleted. The lowest minterm is 1. So, literal with
weight | is present in non-complemented form and literal with weight B is present in complemented
form. So, read it as AD.)
The prime implicamt chan of the expression
f=Em(l.2.3,56789I12 13 15)

is as shown in Table 1.5, It consists of 11 columns corresponding to the number of minterms and §
rows corresponding 1o the prime implicants P, Q. R, 5, and T generated. Row R contains four xs at
the intersections with columns 2, 3, 6, and 7, because these minterms are covered by the prime
implicant R. A row is said 10 cover the columns in which it has xs. The problem now is to select a
minimal subset of prime implicants, such that each column contains a1 least one x in the rows
corresponding to the sclected subsct and the total number of literals in the prime implicants selected
is as small as possible. These requirements guarantee that the number of unions of the selected
prime implicants is equal to the onginal number of minterms and that, no other expression containing
fewer literals can be found.

Table 3.5  Example 3.3 Prime implicam chan

v v v

5 6 7 L
*TP—=3571315(1L8) x x
Q8912 13(1.4)
"R—=2367(1.4)
S= 1591345
T=LLLT(2LH
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In the prime implicant chart of Table 3.5, m, and m, are covered by R only. So, R is an essential
prime implicant. So, check off all the minterms covered by i, i.e. m,, m,, m_, and m,. Q is also an
essential pime implicant because only Q covers m, and m,,. Check off all the minterms covered
by it, i.e. my, my, m,,, and m,,. P is also an essential prime implicant, because m, , is covered only
by P. S0 check off m,, m,, m,, and m,, covered by it. Thus, only minterm | is not covered. Either
row S or row T can cover it and both have the same number of literals. Thus, two minimal expressicns
are possible.

P+Q+R+S=BD+AC+AC+(CD
P+Q+R+T=BD+AC+AC+AD
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COMBINATIONAL CIRCUITS
Combinational Logic
* Logic circuits for digital systems may be combinational or sequential.

« A combinational circuit consists of input variables, logic gates, and output vanables.

— s

Combinational | 4

. ombinatio

ninputs — ci:'cuil —7 moutpuls
d-‘ﬂ _.+

For n input variables,there are 2" possible combinations of binary imput variables .For
each possible input Combination .there is one and only one possible output combination.A
combinational circuit can be described by m Boolean functions one for each output
variables.Usually the input s comes from flip-flops and outputs goto flip-flops.

Design Procedure:

|. The problem is stated
2 The number of available input variables and required output variables is

determined. 3.The input and output variables are assigned lettersymbols.
4 The truth table that defines the required relationship between inputs and outputs is derived.

5.The simplified Boolean function for each output is obtained.
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Adders:

Digital computers perform vanety of information processing tasks.the one is arithmetic
operations. And the most basic arithmetic operation is the addition of two binary digits.i.e, 4 basic
possible operations are;

0+0=0,0+1=1,140=1,1+1=10

The first three operations produce a sum whose length 1s one digit, but when augends and addend
bits are equal 1o |.the binary sum consists of two digis. The higher significant bit of this result is
called a carrv.A combinational circuit that performs the addition of two bits 1s called a half-
adder. One that performs the addition of 3 bits (two significant bits & previous carry) is called a
full adder.& 2 half adder can employ as a full-adder,

The Half Adder: A Hallf Adder 1s a combinational corcunt with two binary inputs (augends and
addend bits and two binary outputs (sum and carry bits.) It adds the two inputs (A and B) and
produces the sum (S) and the carry (C) bits. It is an anthmetic operation of addition of two single
bit words,

T

-l 1 o e

[ bt

o 1
| [ 'Y —
1 i

fa) Teumt tmbke fta) Blicarin clangyemery

The Sum(S) bit and the carry (C) bit, according to the rules of binary addition, the sum (5) is the
X-OR of A and B ( It represents the LSB of the sum). Therefore,

S=AB+AA®B
The carry (C) 1s the AND of A and B (it is 0 unless both the inputs are 1).Therefore,
C=AB

A half-adder can be realized by using one X-OR gate and one AND gate a

o D
—{>e —)__D_‘
D LD

(L L]
Logic diagrams of half-adder
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NAND LOGIC:

S=AB + AB=AR + AKX + ABD + BB
=AlA + B)+ BLA + B
- A .ﬁ_ﬂ-l-l-- A_.Il
e~ TR |
- A AR-B- AR

Cem AR = AR

A KR

:D”—-E}nﬂ
H .

Logeic deagrmsm of o hal-adder using ondy 2-input MAMND gates

S=AB+AB=AB+AA+AB+BB
sAA+Bl+BA+B)

=({A+BNA + B
-A--B--Aing

CuAB=AB=A+B

Logic dingram of a hall-adder using only 2-input NOR gates

The Full Adder:

A Full-adder is a combinational circuit that adds two bits and a carry and outputs a sum
bit and a carry bit. To add two binary numbers, each having two or more bits, the LSBs can be
added by using a half-adder. The carry resulted from the addition of the LSBs s carmed over to
the next significant column and added to the two bits i that column. So, i the second and
higher columns, the two data bits of that column and the carry bit generaled from the addition in
the previous column need to be added.

The full-adder adds the bits A and B and the carry from the previous column called the
carry-in Ciy and outputs the sum bit S and the carry bit called the carry-out Cuy . The variable §
gives the value of the least significant bit of the sum. The vanable Coa gves the output carry. The
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eight rows under the input variables designate all possible combinations of 1s and Os that these
variables may have. The 1s and Os for the output vanables are determined from the arithmetic
sum of the input bits. When all the buts are Os | the output 1s 0. The § output is equal to 1 when
only | input is equal to | or when all the inputs are equal to 1. The Cax has a carry of | if two or
three inputs are equal 1o 1.

.-—-.‘

- owoa QOO0 >
e l-lI-EEY-1-1 'i

_—c
) Bhock oRagram

e

From the truth wble, a circuit that will produce the comrect sum and carry bits in response (o
every possible combination of A.B and Ciq 1s descnibed by

S = ABCn+ ABCn+ ABCn+ ABCn

Cour= ABCin+ ABGi+ ABCin +ABCi

S=ADBD Cn

Cout= ACin+ BCin + AB

The sum term of the full-adder is the X-OR of A.B, and C.., i.e, the sum bit the modulo
sum of the data bits in that column and the carry from the previous column. The logic diagram
of the full-adder using two X-OR gates and two AND gates (i.e, Two half adders) and one OR
gate 15

i

EE R R E S R R T XS Bl -

Logic dagram of a hull adder using two hall-adders.

The block diagram of a Mall-adder using two hall-adders is
AR

: HA |Ae®B r-"'\!":— (A& BIC, - AB
FA B=A®DBC,
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Even though a full-adder can be constructed using two half-adders, the disadvantage is that the
bits must propagate through several gates in accession, which makes the total propagation delay
greater than that of the full-adder circuit using AOI logic.

The Full-adder neither can also be realized using universal logic, i.e., either only NAND gates or
only NOR gates as

—_—
ABHB= A-AB-B-AB

I —————
S=A@BOC_ =(ADB)(A@BIC, -C, - (ADBIC,

—_—
C=C I A®B)+AB=C_(A®H) AB

a
Cs

Sum and carry bits of a full-adder using ADI logic.

Dasps

S

|

Logee diagram of & tul-adder using only 2-input NAND gates.
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ADR= Ih#-'l!'.l-rﬂ-r!

T T ——
S=APBIC ~(ABB+C_ +(ABB)+C

e
C.=AB+C i(APB)= A+B+C.+ADB

St

TS
. e

Logec disgram of a full-acder using only 2-input NOF gales.

Subtractors:

The subtraction of two binary numbers may be accomplished by taking the complement
of the subtrahend and adding it to the minuend. By this, the subtraction operation becomes an
addition operation and instead of having a separate circuit for subtraction, the adder itself can be
used to perform subtraction. This results in reduction of hardware. In subtraction, each
subtrahend bit of the number is subtracted from its corresponding significant minuend bit to form
a difference at. If the minvend bit 1s smaller than the subtrahend bit, a 1 1s borrowed from the
next significant position., that has been borrowed must be conveyed to the next higher pair of
bits by means of a signal coming out (output) of a given stage and going into (input) the next
higher stage.

The Half-Subtractor:

A Half-subtractor is a combinational circuit that subtracts one bit from the other and
produces the difference. It also has an output to specify if a 1 has been borrowed. . It 1s used o
subtract the LSB of the subtrahend from the LSB of the minuend when one binary number 15
subtracted from the other,

A Half-subtractor is a combinational circuit with two inputs A and B and two
outputs d and b. d indicates the difference and b is the output signal generated that informs the
next stage that a | has been borrowed. When a bit B is subtracted from another bit A, a
difference bit (d) and a borrow bt (b) result according 1o the rules given as

o — T
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The output borrow b isa 0 as long as A=B It 1sa | for A=0 and B=1. The d output is the result
of the anthmetic operationZb+A-B.

A circuit that produces the comrect difference and borrow bits in response to every possible
combination of the two 1-bit numbers is . therefore .

d=AB+A A®B and b=A B

That 15, the difference bit is obtained by X-OR ing the two inputs, and the borrow bit 1s obtained
by ANDing the complement of the minuend with the subtrahend.Note that logic for thas exactly
the same as the logic for output S in the hall-adder.

SHD— =D

Logic diagrams of a hall-subtractor.

A half-substractor can also be realized using universal logic either using only NAND gates or
using NOR gates as:

NAND Logic:

d=A @ B = A ﬁ!al-ﬂ

be AR =BIA «+ =B AR = B- AB
[ A

}I:_)’:.Ei

Liogic disgrmem of & half-subitnsciorn usirg only -l RAND gates.

NOR Logic:

d=A@B=AB+AB=AB+BB+ AB+AA
=BA+B)+AA+B)=B+A+B+A+A+B

- - r— —_——_—_—_—
d=AB=A(A+B)= A(A+B)=A+(A+B)
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B.A50

Logic diagram of a hall-sublractor using only 2-input NOR gates.

The Full-Subtractor:

The half-subtractor can be only for LSB subtraction. IF there is a borrow
during the subtraction of the LSBs, it affects the subtraction in the next higher column; the
subtrahend bit is subtracted from the minuend bit, considening the borrow from that column used
for the subtraction in the preceding column. Such a subtraction is performed by a full-subtractor.
It subtracts one bit (B) from another bit (A) , when already there is a borrow b, from this column
for the subtraction in the preceding column, and outputs the difference bit (d) and the borrow
bit(b) required from the next d and b. The two outputs present the difference and output borrow.,
The 1s and Os for the output vanables are determined from the subtraction of A-B-by,

Aew

?
s

Y
IE F il - s S e
b

() Block dlagram
Full-subtractor .

From the truth table, a caircuit that wall produce the correct difference and borrow bits in response
o every possiblecombinations of AB and b, s

s
¢

d=ABb + ABb, + ABb + ABb,
=b(AB + AB) +b(AB + AB)
=biA®Bi+ biA®B)=ADB@b,

b= ABb, + ABb, + ABb, + ABb, = AB(b, + b)) + (AB + ABw,
-Eﬂ-p[hﬂnlh,

A full-subtractor can be realized using X-OR gates and AOI gates as
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Loges diagram of @ bull-sutrirscior .

The full subtractor can also be realized using universal logic either using only NAND gates or
using NOR gates as:

NAND Logic:

d=uAPBOb=(ADBI®D, =(ADBXA® B)b, -b,(AS B,
b=AB+bi{A®B)= m

- AB-b(A@B)=BA + D) b,(b +(A® B)

= B-AB-bb (A ® B)

=D B
[ > )
| )

Logc dagram of @ full-subiracior using cnly 2-input NAND gales.

NOR Logic:

d=A®B@b=(ADB)@®b,
T
= (A®B)b, +(A®B)b,
e
= [(A@B)+(A@B)b|[b, +(A@B)b,]

s (A®B)+(A@B)+b, +b +(A@B) +b,

=(A@B)+(A@B)+b, +b +(A@B)+h
b=AB+b(A®B)
=AA+B)+(A@B(A®@B)+b)

=2 A+(A+B)+(ASB)+(ASB)+Db,




LeE]

Logic dagram of a full sublractor using only 2-input NOR gates.

Binary Parallel Adder:

A binary parallel adder is a digital circuit that adds two binary numbers in parallel form
and produces the arithmetic sum of those numbers in parallel form. It consists of full adders
connected in a chain . with the output carry from each full-adder connected to the input carry of
the next full-adder in the chain.

The imterconnection of four full-adder (FA) circuts to provide a 4-bit parallel adder. The
augends bits of A and addend bits of B are designated by subscript numbers from right to left,
with subscript | denoting the lower —order bit. The cames are connected in a chain through the
full-adders. The input carry to the adder 1s Cy, and the output carry 1s Ca. The S oulput generates
the required sum bits. When the 4-bit full-adder circuit is enclosed within an IC package, it has
four terminals for the augends bits, four terminals for the addend bits, four terminals for the sum
hits, and two terminals for the input and output carmies. AN n-bit parallel adder requires n-full
adders. It can be constructed from 4-bit, 2-bit and 1-bit full adder ICs by cascading several
packages. The output carry from one package must be connected to the input carry of the one
with the next higher —order bits. The 4-bit full adder 1s a typical example of an MSI function,

B, A, A, A, v A

FA, S FA, & FA, . FA,

: Lo
Logic diagram of a 4-Dit binary paraliel acder.

Ripple carry adder:

In the parallel adder, the carry —out of each stage is connected to the camry-in of
the next stage. The sum and carry-out bits of any stage cannot be produced, until sometime after
the carry-in of that stage occurs. This is due to the propagation delays in the logic circuitry,




which lead to a time delay in the addition process. The carry propagation delay for each full-
adder is the time between the application of the carry-in and the occurrence of the carry-out.

The 4-bit parallel adder, the sum (5;) and carry-out (Cy) bits given by FA; are not valid, until
after the propagation delay of FA,. Similarly, the sum S; and carry-out (C3) bits given by FA: are
not valid until after the cumulative propagation delay of two full adders (FA; and FAz) , and so
on. At each stage ,the sum bit is not valid until after the carry bits in all the preceding stages are
valid. Carry bits must propagate or ripple through all stages before the most significant sum bit is
valid. Thus, the total sum (the parallel output) is not vahid unul after the cumulative delay of all
the adders.

The parallel adder in which the carry-out of each full-adder is the carry-in to the next most
significant adder is called a ripple carry adder.. The greater the number of bits that a ripple carry
adder must add, the greater the tme required for it w perform a valid addition. If two numbers
are added such that no carries occur between stages, then the add nme is simply the propagation
time through a single full-adder.

4-Bit ParallelSubtractor:

The subtraction of binary numbers can be carmed out most conveniently by means of
complements , the subtraction A-B can be done by taking the 2°s complement of B and adding

itto A . The 2°s complement can be obtained by taking the 1°s complement and adding |1 tothe
least significant pair of bits. The 1's complement can be implemented with inverters as

B, A 8 A 8 A

Binary-Adder Subtractor:

A 4-bit adder-subtractor, the addition and subtraction operations are combined into
one circut with one common binary adder. This is done by including an X-OR gate with each
full-adder. The mode input M controls the operation, When M=(), the circuit is an adder, and
when M=1, the circut becomes a subtractor. Each X-OR gate receives input M and one of the
mputs of B. When M=0, E®0=B The full-adder receives the value of B , the input carry is




and the circuit performs  A+B. when B@1=B' and C=1. The B inputs are complemented and
a | is through the input carry. The circunt performs the operation A plus the 2°s complement of B,

| A S S S i R

G c,

o - c, c..

Fiy FA,

oL L 44

Logic diagram of a 4-bit binary adder-subtractor,
The Look-Ahead —Carry Adder:

In parallel-adder the speed with which an addition can be performed is governed by
the time required for the carries to propagate or ripple through all of the stages of the adder. The
look-ghead carry adder speeds up the process by eliminating thas npple carry delay. It examines
all the input bits simultancously and also generates the carry-in bits for all the stages
simultaneously.

The method of speeding up the addition process 1s based on the two additional
functions of the full-adder, called the carry generate and carry propagate functions.

Consider one full adder stage; say the nth stage of a parallel adder as shown i fig.
we know that is made by two half adders and that the half adder contains an X-OR gate 1o
produce the sum and an AND gate to produce the carry. If both the bits A, and B, are Is, a carry
has to be generated in this stage regardless of whether the input carry Cuis aO or a 1. This 1s
called generated carry, expressed as Go= A, B, which has to appear at the output through the OR
gate as shown in fig.

AB, =G,

- - &
::‘ in | AGE P, o Cor=Co=A,@8)C,+AB,

4 HA S.=A,08,8C,

A tull adder (mh stage ol a parallel adder).
Thereis another possibility of producing a carry out. X-OR gate inside the half-adder
at the input produces an intermediary sum bit- call it P, —which is expressed as F.=A, 08,
Next P, and C, are added using the X-OR gate inside the second half adder to produce the final




cam bit and Se=Pa@C, where P =A BB,
becomes carry for the (n+ 1) thstage.

and output carryCo= Po.Ca=( A® B, )C. which

Consider the case of bath Py and C, being 1. The input carry C, has 1o be propagated
to the output only if Pyis 1. If Pais 0, even if Cyis 1, the and gate in the second half-adder will
inhibit C, . the carry out of the nth stage 1s | when either Gg=1 or P..Cys =1 or both Gy and Ps.C,
are equal to 1.

For the final sum and carry outputs of the nth stage, we get the following Boolean
expressions.

S, =P @C_whereP,=A @B,
C:-.cﬂ-l IG."I*P-C'MG.IA.' : H-

Observe the recursive nature of the expression for the outpul carry
at the nth stage which becomes the input carry for the (n+1)st stage .it is possible to express the

output carry of a higher significant stage is the carry-out of the previous stage.
Based on these | the expression for the carry-ouls of various full adders are as follows,

Ci=0G,+PF,- G,

C;=G,+P,-C,=G, +P, -G, +P,-P,-C,
Cy=20,+P,-Co=Gy+P, -G, PP, -G+ PP, - Py - G
ComG+P,-C,m0,+P,- G, +P,- P, - G+P,-P,-P,-G,#P;-P;,- P, - P, - G
The general expression for o stages desagnated as O through (n = 1) would be
C,=Q_,+PFP_,-C_.,n0_,+P -0 ;+P ,'P 0 % *PF " .. PG

-

Observe that the final output carry is expressed as a function of
the input variables in SOP form. Which is two level AND-OR or equivalemt NAND-NAND
form. Observe that the full look-ahead scheme requires the use of OR gate with (n+1) inputs and
AND gates with number of inputs varying from 2 to (n+1).




Logic dingram of o 4-bil lodok - abed-carry addor .

2's complement Addition and Subtraction using Parallel Adders:

Most modern computers use the 2°s complement system to represent negative numbers
and to perform subtraction operations of signed numbers can be performed using only the
addiion operation ,if we use the 2°s complement form to represent negative numbers.

The circuit shown can perform both addition and subtraction in the 2°s complement. This
adder/subtractor circuit 1s controlled by the control signal ADI¥SUB®. When the ADIVSUB®
level is HIGH, the circuit performs the addition of the numbers stored in registers A and B.
When the ADIDVSub® level is LOW, the circuit subtract the number in register B from the number
in register A. The operation is:

When ADIYSUB" 1sa |

. AND gates 1,3,5 and 7 are enabled , allowing Bg, By Bz;and B; to pass to the OR gates
9,10,11,12 . AND gates 2,46 and 8 are disabled , blocking Bo',B:".B;", and B:" from
reaching the OR gates 9,10,11 and 12.

The two levels Boto B; pass through the OR gates to the 4-bit parallel adder, to be added
to the bits Asto As The sum appears at the output Seto S;

i Add/SUB’ =1 causes nocarry into the adder.

When ADD/SUB" is a0:

. AND gates 1,3,5 and 7 are disabled , allowing Bg,By,Bzand B; from reaching the OR gates
9,10,11,12 . AND gates 2,46 and 8 are enabled , blocking By',By',B:', and B:" from
reaching the OR gates.




The two levels Bo' to By’ pass through the OR gates to the 4-bit parallel adder, to be
added to the bits Ap to A; The Gy is now 1.thus the number in register B is converted to
its 2's complement form.

i Thedifference appears at the output Soto$S;,

Adders/Subtractors used for adding and subtracting signed binary numbers. In computers , the
output is transferred into the register A (accumulator) so that the result of the addition or
subtraction always end up stored n the register A This 1s accomplished by applying a transfer
pulse to the CLK inputs of register A.

-
][.;1
T

Serial Adder:

A serial adder is used 10 add binary numbers in serial form. The two binary numbers to be
added serially are stored in two shift registers A and B. Bits are added one pair at a time through
a single full adder (FA) circuit as shown. The carry out of the full-adder is ransferred to a D flip-
flop. The output of this flip-flop i1s then used as the carry input for the next par of significant
bits. The sum bit from the S output of the full-adder could be ransferred 1o a third shift register.
By shifting the sum into A while the bits of A are shifted out, it is possible to use one register for
storing both augend and the sum bits. The serial input register B can be used to transfer a new
binary number while the addend bits are shifted out during the addition.

The operation of the serial adder 1s:

Initially register A holds the augend, register B holds the addend and the carry flip-flop is
cleared 1o 0. The outputs (S0) of A and B provide a pair of significant bits for the full-adder at x
and y. The shift control enables both registers and carry flip-flop , so, at the clock pulse both
registers are shified once to the right, the sum bit from S enters the left most thp-flop of A | and
the output carry is transferred into flip-flop Q . The shift control enables the registers for a
number of clock pulses equal to the number of bits of the registers. For each succeeding clock
pulse a new sum bit is transferred to A, a new carry is transferred o Q. and both registers are
shifted once 1o the nght. This process continues until the shift control is disabled Thus the
addition is accomplished by passing each pair of bits together with the previous carry through a
single full adder circuit and transferring the sum, one bit at a time, into register A.




Initially, register A and the carry flip-flop are cleared 1 0 and then the first number is
added from B. While B 1s shifted through the full adder, a second number 1s transferred to ot
through its senal input. The second number is then added to the content of register A while a
third number is ransferred senally into register B. This can be repeated to form the addition of
two, three, or more numbers and accumulate their sum in register A,
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Difference between Serial and Parallel Adders:

The parallel adder registers with parallel load. whereas the serial adder uses shift
registers. The number of full adder circuits in the parallel adder is equal to the number of bits in
the binary numbers. whereas the serial adder requires only one full adder circuit and a carry flip-
flop. Excluding the registers, the parallel adder is a combinational circuit, whereas the serial
adder 1s a sequential circuit. The sequential circuit in the senal adder consists of a full-adder and
a flip-flop that stores the output carry.

BCD Adder:

The BCD addition process:

l. Add the 4-bit BCD code groups for each decimal digit position using ordinary binary
addition.

For those positions where the sum is 9 or less, the sum is in proper BCD form and no
correction is needed.

When the sum of two digits is greater than 9, a correction of 0110 should be added
to that sum, to produce the proper BCD result. This will produce a carry to be added
to the next decimalposition.

A BCD adder circuit must be able to operate in accordance with the above steps. In other words,
the circuit must be able to do the following:

|. Add two 4-bit BCD code groups, usingstraight binaryaddition.




2. Determine, if the sum of this addition isgreater than 1101 (decimal 9); ifitis, add
0110 (decimal &) to this sum and generate a carry to the next decimalposition.

The first requirement is easily met by using a 4- bit binary parallel adder such as the 741583
IC For example , if the two BCD code groups AzA:A Acand B3:BaBiBo are applied to a 4-bit
parallel adder, the adder will output 5:85:5:5:50 . where 54 1s actually Cy |, the carry —out of the
MSB bits.

The sum outpuls S:535:5;5S0 can range anywhere from 00000 o 100109when both the
BCD code groups are 1001=9). The circuntry for a BCD adder must mclude the logic needed to
detect whenever the sum is greater than 01001, so that the correction can be added in. Those
cases , where the sum is greater than 1001 are listed as:

S,

8, Decimal number
10
]
12
I3

0
I
0
I
0 14
I
0
I
0

-
o

15
16
17
I8

|
|
I
1
I
1
L]
i

-——-tooO0OCo|®

B0 == 0 0

Let us define a logic output X that will go HIGH only when the sum is greater than 01001
(1.e, for the cases in table). If examine these cases ,sce that X will be HIGH for either of the
following conditions:

l. Whenever S¢=1(sum greaterthan15)
2 'Whenever 5;=1 and either S; or S orboth are 1 (sum 10 to 15)

This condition can be expressedas

X=85:+8:82+¢5))

Whenever X=1. it is necessary to add the correction factor 0110 to the sum bits, and to
generate a carry. The circuit consists of three basic parts. The two BCD code groups AsAaA Aq
and B1B:B,By are added together in the upper 4-bit adder, to produce the sum 5:5:5:5,50 The
logic gates shown implement the expression for X. The lower 4-bit adder will add the correction
0110 1o the sum bits, only when X=1, producing the final BCD sum output represented by
31X 1Y 1Yo The X is also the carry-out that is produced when the sum is greater than 01001.

When X=0, there is no curry and no addition of 0110, In such cases, § 33 2% Y o= 8§:8:58,80




Two or more BCD adders can be connected in cascade when two or more digit decimal
numbers are to be added. The carry-out of the first BCD adder 1s connected as the carry-in of the
second BCD adder, the carry-oumt of the second BCD adder is connected as the carry-in of the
third BCD adder and so on.
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EXCESS-3(XS-3) ADDER:

To perform Excess-3 additions,
1. Add two xs-3 codegroups
2. Ifcarry=1,add 0011(3)to the sum of those two codegroups
If carry =0, subtract 001 1(3) i.e., add 1101 (13 in decimal) to the sum of those two code
groups,
Ex: Add 9 and 5
1 10K} Y in Xs-3
+ 10000 5 in xs-3

01040 there is a carry
0011 add 3 to each group

0111 14 1n xs-3
(4)

(k) 0111 4inXS-3
+0110 3inXS-3

1101  nocamry
+1 101 Subtract 3 (i.e. add 13)

Ignorecarry 1 1010  7in XS§-3
(7)

Implementation of xs-3 adder using 4-bit binary adders is shown. The augend (A:
AzA 1 A0) and addend (B3B:B:Bo) in xs-3 are added using the 4-bit parallel adder. If the carry is a
1. then 0011(3) is added to the sum bits 5:5:5 50 of the upper adder in the lower 4-bit parallel




adder. If the carry is a 0, then 1101(3) is added to the sum bits (This is equivalent to subtracting
0011(3) from the sum bits. The correct sum in xs5-3 15 obtained

Excess-3 (XS-3) Subtractor:

To perform Excess-3 subtraction,

Complement thesubtrahend

Add the complemented subtrahend to theminuend.

If carry =1, result is positive. Add 3 and end around carry to the result . ifcarry=0,
the result is negative. Subtract 3, Le, and take the 1's complement of the result.

Ex: Perform9-4
1100 9 in xs-3
Complement of 4 n Xs-3
There is a carry
Add 0OD11(3)
End around carry

5 in xs-3

The minuend and the 1°s complement of the subtrahend in xs-3 are added in the upper 4-

bit parallel adder. If the carry-out from the upper adder is a 0, then 1101 is added 1o the sum bits
of the upper adder in the lower adder and the sum bits of the lower adder are complemented to
get the result. If the carry-out from the upper adder is a 1, then 3=0011 is added to the sum bits
of the lower adder and the sum bits of the lower adder give the result,

Binary Multipliers:

In binary multiplication by the paper and pencil method, 1s modified somewhat in digital
machines because a binary adder can add only two binary numbers at a ime.
In a binary multipher, instead ol adding all the partial products at the end, they are added two o
a time and their sum accumulated n a register (the accumulator register). In addinon, when the
multiplier bit is a 0,0s are not written down and added because it does not affect the final result.
Instead, the multiplicand is shifted left by one bit.

The muluphcation of 1110 by 1001 using this processis
Multiplicand 1110
Multipher 1001
1110 The LSB of the muluplher s a |; wnte down the
multuplicand; shift the muluplicand one position to the left
(11100)
1110 The second mulupher bitis a 0; write down the previous
result 1110; shift the multiplicand to the keftagain(1 11 0




+11 10000 The fourth multpher bt is a | wnie down the new
multiplicand add it to the first partial product 1o obtain the

final product.
(SRRRRLY

This muluplication process can be performed by the senial muluplier circuit | which
multiplies two 4-bit numbers 1o produce an B-bit product. The circuit consists of following
elements
X register: A 4-bit shift register that stores the multiplier - it will shift nght on the falling edge
of the clock. Note that Os are shifted in from the left.

B register: An 8-bit register that stores the multiplicand; it will shift left on the falling edge of
the clock. Note that Os are shifted in from the nght.

A register: An 8-bit register, i.e, the accumulator that accumulates the partial products.
Adder:An 8-bit parallel adder that produces the sum of A and B registers. The adder outputs 5+
through So are connected to the D inputs of the accumulator so that the sum can be transferred to

the accumulator only when a clock pulse gets through the AND gate.

The circuit operation can be described by going through each step in the multiplication of 1110
by 1001, The complete process requires 4 clock cycles.

L Before the first dock pulse: Prior to the occurrence of the first clock pulse, the register A is
loaded with 00000000, the register B with the multiplicand 00001110, and the register X with
the multiplier 1001. Assume that each of these registers is loaded using its asynchronous
inputs(i.e., PRESET and CLEAR). The output of the adder will be the sum of A and B,ie.,
00001110.

2 First Clock pulse Since the LSB of the multiplier (Xg) is a 1, the first clock pulse gets through
the AND gate and its positive going transition transfers the sum outputs into the accumulator.,

The subsequent negative going transition causes the X and B registers to shift right and left,
respectively. This produces a new sum of AandB.

1 Second Clock Pulse: The second bit of the original multiplier is now in Xg. Since this bitis a 0,
the second clock pulse is inhibited from reaching the accumulator. Thus, the sum outputs are
not transferred into the accumulator and the number in the accumulator does not change. The
negative going transition of the clock pulse will again shift the X and B registers. Again a new
sum is produced.

4 Third Clock Pulse:The third bit of the original multiplier is now in Xg;since this bit is a 0, the
third clock pulse is inhibited from reaching the accumulator. Thus, the sum outputs are not
transferred into the accumulator and the number in the accumulator does not change. The
negative going transition of the clock pulse will again shift the X and B registers. Again a new
sum is produced.

8 Fourth Clock Pulse: The last bit of the original multiplier is now in X, and since it is a 1, the
positive going transition of the fourth pulse transfers the sum into the accumulator. The
accumulator now holds the final product. The negative going transition of the clock pulse shifts
X and B again. Note that, X is now 0000, since all the multiplier bits have been shifted out.

Code converters:

The availlability of a large vanety of codes for the same discrete elements of
mformation results in the use of different codes by differemt digital systems. It is sometnimes
necessary to use the outpul of one system as the input to another. A conversion circuit must be




mserted between the two systems if each uses differemt codes for the same information. Thus a
code converter 15 a logic cuwcut whose mputs are bit patterns representing  numbers  (or
character) in one cod and whose outputs are the corresponding representation in a differemt
code. Code converters are usually multiple output circuits.

To convert from binary code A to binary code B, the input lines must supply the bit

combination of elements as specified by code A and the output hines nmust generate the
corresponding bit combination of code B. A combinational circuit performs this transformation
by means of logic gates,
For example, a binary —to-gray code converter has four binary input lines By, B1B2,B, and four
gray code output lines Gy GGy Gy, When the input is 0010, for instance, the output should be
0011 and so forth. To design a code converter, we use a code table treating it as a truth table to
express each output as a Boolean algebraic function of all the inputs.

In this example, of binary —to-gray code conversion, we can treat the binary to the
gray code table as four truth tables to derive expressions for Gy, G3, G2, and G1. Each of these
four expressions would, in general, contain all the four mput vanables Bs, B3 Bsand Bl
Thusthis code converter is actually equivalent to four logic circuits, one for each of the truth
tables.

The logic expression derived for the code converter can be simplified using the usual
techniques, including _don't cares® if present. Even if the input 1s an unweighted code, the same
cell numberning method which we used earlier can be used, but the cell numbers --must
correspond to the input combinations as if they were an 8-4-2-1 weighted code. s

Design of a 4-bit binary to gray code converter:

G,=Im(8.9,10,11,12,13,14,15) G,=B,

G,=Xm(4,5.6,7,8910,11) G,=BB,+BB =B ®B,
G,=Im(2.3.4.5.10,11.1213) G,=BB,+BB,=B,®B,
G,=Em(l,2.5,6,9, 10,13, 14) G,=BB,+B,B =B,8B8,
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Design of a 4-bit gray to Binary code converter:

B,=Xmd{lI. 13 I3, 08, 10 D0, 9. B )e EmdB, 9 00 30 02 08, 0, 05D
B,= X oo O, T, 3.4, 00, 00,9, 8 =X oS, 3, 6, T, B, 9, 00 0 1)
B,=Xm{3 2. 5.4, 15, 14,9, H)=X 2. 3.4, 35, K, 9, 14, 15)

B, =X o, 2 7.4, 13 I, I}, B) =0 po{ ), 2.4, 7.8, V1, 13, 14)

H,. -ﬂ.
B,=0,0,+0,6,=0G,®G,
B, = G,G,0, +« G,0,06, « G,G,0G, + GGG,
-ﬂ.‘ﬂ'..ﬂ:l"‘ﬂ“uj"ﬂ:}-ﬁ“ﬂ‘tﬂr- -. "ﬂ’
B, =0,6,060, +6,6,6,6,+60,006,+006,60,+0,06,60,
+0,0,6.6, +6,06,0,0,+0,06,6,6,

=G,6,(G,®G,)+G,G,G,9G,)+G,G,G, ®G,)+6,G6,G,8G,)
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B, =0, ®G,®0, 8 -0,00,00,00,
Homap for B () K-maps K-magp o B,

4-bit Gray-1o-binary code converier.

Design of a 4-bit BCD to X5-3 code converter:
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LT} Log diagram

Ame § Rl W ey
() W -rramp
Truth table, K-map and logic dingram for the SOP circun
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Design of a SOP circuit to detect the decimal numbers 0,2,4,6,8 in a 4-bit 5211 BCDcode
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Design of a SOP circuit to Detect the Decimal numbers 5 through 12 in a 4-bit gray code

Input:

Design of a BCD to gray code converter:




BDe==DD==D0D=+=D0D=+D

Deee= 000000

Deeseseseseeees DD OD DO

O=0D=D=D=D=0D=D=Dw

000000 == D0 ™=

0000 rmrm=~DDOO==rw

EQUALITY = (A, © B,XA, © B,NA, O B,)A, O By

{a) Conversion table
Conversion table and K-maps for the circuilt
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The logic for a 1-bit magnitude comparator: Let the 1-bil numbersbe A=A ,and B=B,,
IfA,=1and B, =0, then A > B.
Therefore, _
A>B:G=A.B,
HAu-ﬂmdﬂn-I.lhu:A{H.
Therefore,

A<B:L=AB,
If A, and B, coincide, ie. A =B, =00rifA,=B = |, thenA=B.
Thereflore,

A=B:E=A,0B,

1. Magnitude Comparator:

1- bit Magnitude Comparator:

The logic for a 2-bit magnitude comparator: Let the two 2-bil numbersbe A=A A, andB=B B,

l.lmlnludli,-ﬂ.ﬂnh:-‘ﬂu

2IA, and B, coincide and A, = | and B, = 0, then A > B. S0 the logic expression for A > B is
ﬁ:ﬂ:G-A.i,Hﬂ,El,lA,ﬁn

LLITA;=0and B, = |, thenA <Bor

2.I(A, and B, coincide and A, =0 and B, =1, then A< B. S0 the expression for A< B is
A<B:L=AB, +(A OB)AB,

IfA, and B, coincide and if A, and B, coincide then A = B. S0 the expression forA=B is

A=B:E=(A OBNA,OBy)

0 b ol ity 0 @ -l et e SO e




4- Bit MagnitudeComparator:

The logic for a 4-bit magnitede comparator: Let the two 4-bit numbers be A = A A A A, and
B=8,B.8,08,

LIFA;=land B, =0, then A > B. Or

2. If A, and B, coincide, and if A, = | and B, = 0, thea A > B. Or

3. If A, and B, coincide, and if A, and B, coincide, and if A, = | and B, =0, then A > B, Or

4. If A, and B, coincide, and if A, and B, coincide. and if A, and B, coincide, and if A, = |
and B, = 0, then A > B.

From these statemenis, we see that the logic expression for A > B can be wrilten as
(A>B)=A,B, +(A, 0OBHAB, + (A, © B,NA, O BYA,B,

Similarly, the logic expression for A < B can be written as
A<B=AB, +(A,0B)AB,+(A,OB)A,O0B)AB,
+(A;OB)A, OB XA, OB)AB,
If A, and B, coincide and if A, and B, coincide and if A, and B, coincide and if A, and B,
coincide, then A = B.
S0 the expression for A = B can be wnitten as

(A=B)=(A, 0 B,XA, O B,XA, ©B,XA, OB,

it
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Decimal inputs
©, 0, D, D, D, O, O, D, D,

-

Tristate bus system:

In digital electronicsthree-state, tri-state, or 3-statelogic allows an output port to assume a high
impedance state in addition to the 0 and 1 logic levels, effectively removing the output from the
circuit.

This allows muluple circuits to share the same output hine or lines (such as a bus which cannot
listen 1o more than one device at a ime).

Three-state outputs are implemented in many registers, bus drivers, and flip-flops in the 7400 and
4000 series as well as in other types, but also internally in many integrated circuits. Other typical
uses are internal and external buses in microprocessors, computer memory, and peripherals. Many
devices are controlled by an active-low nput called OE (Output Enable) which dictates whether

the outputs should be held in a high-impedance state or drive their respective loads (1o either 0- or 1-
level).
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SEQUENTIAL CIRCUTTS
The Basic Latch
& Basic latchis a feedback connection of wo NOR gates or two NAND gates
® bk can store one bit of information
ht can be set 1o | using the § input and reset 10 0 using the R input
The Gated Latch
® Gated latch is a basic latch that includes input gating and a control signal
® The latch retains its existing state when the control input is agual to0

® ks state may be changed when the control signal is equal to 1. In our discussion we referred to

the control input as the clock
@ We consider two types of gated latches

®  Gated SR latch uscs the § and R inputs 1o set the latch 1o | or reset it 1o 0,
respectively

®  Gated D latch uscs the D input 10 force the laich into a state that has the samelogic
value as the [Dmput.

Gated SR Latch
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Gated D Latch

{ Dhata )

Clk D |¢,u.'-t:

i | U||'|
| (1] i
| | |

(&) Characierstic lable

Setup and Hold Times

® Sctup Time L.,

) Graphical symbol

() Tirmang dimgram

The minimum time that the input signal must be stable prior 1o the edge of the clock signal.

® Hold Time

The minimum time that the input signal must be stable afier the edge of the clock signal.

Flip-Flops

® A flip-flop is a storage element based on the gated latch principle

® It can have its output state changed only on the edge of the controlling clocksignal

® We consider two types:




Edge-triggered Mip-flop = affected only by the input valves present when theactive
edge of the clock occurs

Master-slave Mip-Nop = built with two gatedlatches

The master stage 1s active dunng half of the clock cycle, and the slave stage 1s active

dunng the other half.

The output value of the fthp-flop changes on the edge of the clock that activates the

trunsfer into the slave stage

Master-Slave D Flip-Flop

L1 apCE § Dol

A Positive-Ed ge- Triggered D Flip-Flop
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Master-Slave D Flip-Flop with Clear and Freset
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Excitation Tables

Previous State -> Present State
0->0
0-»1
1-20
11

Previous S5tate -» Present State
0->0
0-=1
1->0
121

Previous State -> Present State

Previous State -> Present State
0->0
0-»1
1->0
11




Conversions of fip-Nops

Exampile: Use JK-FF to realize D-FF
1) Start transition table for D-FF
2) Create K-maps to express J and K as functions of inputs (D, Q)

31 Fill in K-maps with appropriate values for J and K
to cause the same state transition as in the D-FF transiton table

Q a* T
0 0 ]
0 1
I 1
1 0

J K

0 X
X 1 1
1 X 0
X 0 1

Q
0

when D=Q=0, then Q=0 ;
the same transition Q-->Q"
1s realize with J=0 K=X

Example: Implement JK-FF using a D-FF |
Q Q+ D ™

—0

J
0
0
0
0
1
1
1
1

D= w00 =0
i [ Y s s B ]
SR = R e - _‘

JK J
00 01711 10"
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Sequential Circuit Design

*  Steps in the design process for sequential circuits
*  Sute Dhagrams and State Tables Examples

*  Steps in Design of a Sequental Circunt

Q

L}

1. Specification — A description of the sequential circuil. Should include a detailing of
the mputs, the outputs, and the operanion. Possibly assumes that you have knowledge of
digital system basics.

2. Formulanon: Generate a state diagram and/or a state table from the statement of the
problem.

A Stwate Assignment: From a state table assign binary codes to thestates.

4. Flip-flop Input Equation Generation: Select the type of flip-flop for the circuit and gencrate
the needed input for the required state transibions

5. Output Equanon Generation: Denve output logic equations for gencration of the
output from the mputs and current state.

6. Optimization: Optimize the input and output equations. Today, CAD systems are
typically used for this in real systems.

7. Technology Mapping: Generate a logic diagram of the circuit using ANDs, ORs,
Inveners, and F/Fs.

8 Venficanon: Use a HDL 1o venfy the design

Registers and Counters

*  An n-bit register is a cascade of n flip-flops and can store an n-bit binary data

*  Acounter can count occumences of events and can generate timang intervals for control purposes
A Simple Shift Register

Q,




Parallel-Access Shift Register

Parallel output

Q2 | Qq §

w
Paralle! input

Counters

* Counters are a specific type of sequential circuit.
Like registers, the state, or the flip-flop values themselves, serves as the “outpul ™
The output value increases by one on each clock cycle
After the largest value, the output “wraps around™ back to (),

Using two bits, we'd get something like this:




Benelits of counters

*  Counters can act as sumple clocks to keep rack of “ume. =
You may need to record how many times something has
happened
-~ How many bits have been sent or received”
HHH I!'I!I..I..ITI}' hll.."l'lh have been Pl.‘l"lil-ﬂl'll'_"ij mn ~.-m‘"m:umpul:ulmn"

*  All processors contain a program counter, or PC

Programs consist of a hst ol instructions that are 10 be executed one after another (for the

most part).
The PC keeps track of the instruction currently being executed.

The PC increments once on each clock cyele, and the next program mstruction 1s then

execuled.




A Three-Bit Up-Counter

Q115 connected 1o clk, Q: and Q) are clocked by () of the preceding stage (hence called

wynchronous or npple counter

A Three-RBit Down-Counter

e




Shift registers:

In dignal circuits, a shift register is a cascade of flip-flops sharing the same clock, in
which the output of each flip-flop is connected to the "data” input of the next flip-flop in the
chain, resulting in a circuit that shifts by one position the "bit array” stored in it, shifring in the
data present at its input and shifting owr the last bit in the array, at each transition of the clock
mput. More generally, a shift register may be multidimensional, such that its “data in” and stage
outputs are themselves bit amrays: this is implemented simply by running several shift registers of
the same bit-length in parallel.

Shift registers can have both parallel and serial inputs and outputs. These are often configured

as serial-in, parallel-out (SIPO) or as parallel-in, serial-out (PISO). There are also types that

have both serial and parallel input and types with senal and parallel output. There are also bi-

directional shift registers which allow shifting in both directions: L—R or R—L. The senal

mput and last output of a shift register can also be connected to create a circular shift register
Shift registers are a type of logic circuits closely related to counters, They are basically for the

storage and transfer of digial data.

Bufler register:

The buffer register is the simple set of registers. It is simply stores the binary word. The buffer

may be controlled buffer. Most of the buffer registers used D Flip-flops.

X1 X3 X4

X2
P [r— p— ]

FFA FFB FEC

CLK CLK CLK

e 1 1 | ]

Clock

Figure: logic diangram of 4-bit bulTer register
The figure shows a 4-bit buffer register. The binary word to be stored is applied o the data

terminals, On the application of clock pulse, the output word becomes the same as the word
applied at the terminals. 1.e., the input word 1s loaded into the register by the application of clock
pulse.
When the positive clock edge armives, the stored word becomes:
QiQQ:Qi=Xu XXX,
Q=X
Controlled bulfer register:
If goes LOW, all the FFs are RESET and the output becomes, Q=0001,
When is HIGH, the register is ready for action. LOAD is the control input. When
LOAD is HIGH, the data buts X can reach the D inputs of FF's,
QuQQ:Q) =X XXX,
Q=X
When load is low, the X bits cannot reach the FF's




Data transmission in shift registers:

itage A wage B stage C vage D

Serial-n serml-out shift regsier wih 4-stages

l - Sl oul

i | sEage A et 1] u.\fp-l.' Viage (]

' | ' .
'IJ., ﬂl ﬂ\. ‘:..I.l

Faralalr paralbed oot st regater wolh 4 -alapes

ok Wy

clock

| wtmge L winge ¥

e = SN

L

'
Q. 2 2 Qs

Serial-in, paraliel-oul shilt register wih 4-stages

D, B Dy

L] . ; L] 5 l

age A wagr B wage T irage [

Parallel-in sedal-out shift regisier with 4-stages

A number of IT's connected together such that data may be shifted into and shifted out of them is
called shift register. data may be shifted into or out of the register in serial form or in parallel
form. There are four basic types of shift registers.

. Senal in, senal out, shift nght, shift registers

2. Senal m, senal out, shaft left, shift registers

3. Parallel in, senal out shift registers

4. Parallel in, parallel out shift registers




Serial IN, serial OUT, shift right, shift left register:

The logic diagram of 4-bit serial in senal out, nght shift register with four stages. The register
can store four bits of data. Senal data 1s apphied at the input D of the first FF. the Q output of the

first FF is connected to the D input of another FF. the data 1s outputted from the Q terminal of
the last FF,

1 1
0 /Momo
Senal 0 o

CLK
Clock |7 l

When senial data is transferred into a register, each new bit is clocked into the first FF at the
positive going edge of each clock pulse. The bit that was previously stored by the first FF is
transferred to the second FF. the bit that was stored by the Second FF is transferred to the third
FF.

Serial-in, parallel-out, shift register:

A o8

o - -

In this type of register, the data bits are entered into the register senally, but the data stored in
the register is shifted out in parallel form.

Once the data bits are stored, each bit appears on its respective output line and all bits are
available simultaneously, rather than on a bit-by-bit basis with the senal output. The senal-in,
parallel out, shift register can be used as senal-in, senal out, shift register if the output is taken
from the Q terminal of the last FF,




Parallel-in, serial-out, shift register:

>

gt ] W

For a parallel-m, senal out, shift register, the data bits are entered simultaneously into their
respective stages on parallel lines, rather than on a bit-by-bit basis on one hine as with senal data
bits are transferred out of the register serially. On a bit-by-bit basis over a single line.

There are four data lines AB.C.D through which the data is entered into the register in
parallel form. The signal shift/ load allows the data to be entered in parallel form into the register
und the data is shifted out senially from erminal Q4

Parallel-in, parallel-out, shift register
Parallel oulpuls

QA oB QC

f jT':f;[thl

| |

e PO FD
Paralel inputs

In a parallel-in, parallel-out shift register, the data is entered into the register in parallel form,
and also the data i1s taken out of the register in parallel form. Data is apphed to the D input
terminals of the FF's. When a clock pulse is applied, at the positive going edge of the pulse, the
D inputs are shifted into the Q outputs of the FFs. The register now stores the data. The stored
data 15 available instantaneously for shifting out in parallel form.




Bidirectional shift register:

A bidirectional shift register is one which the data bits can be shifted from left to right
or from right to left. A fig shows the logic diagram of a 4-bit serial-in, serial out, bidirectional
shift register. Right/left i1s the mode signal, when nght /left is a 1, the logic arcuit works as a
shift-register.the bidirectional operation is achieved by using the mode signal and two NAND
gates and one OR gate for each stage,

A HIGH on the nght/left control input enables the AND gates G, G2, G3 and G4 and
disables the AND gates G5,G6,G7 and GB, and the state of Q output of each FF is passed
through the gate to the D input of the following FF. when a clock pulse occurs, the data bits are
then effecuvely shufted one place to the nght. A LOW on the nght/left control inputs enables the
AND gates GS, G6, G7 and G8 and disables the And gates G1, G2, G3 and G4 and the Q output
of each FF is passed to the D input of the preceding FF. when a clock pulse occurs, the data bits
are then effectively shified one place 1o the left. Hence, the circuit works as a bidirectional shift
register
BT

By . B L o1
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Figure: logic diagram of a 4-bit bidirectional shift register
Universal shifl register:

A register 1s capable of shifting in one direction only 15 a umidirectional shift register. One that
can shift both directions is a bidirectional shift register. If the register has both shifts and parallel
load capabilities, it is referred to as a universal shift registers. Universal shift register is a
bidirecuonal register, whose input can be either in senal form or in parallel form and whose
output also can be in serial form or | parallel form.

The most general shift register has the following capabilities,

A clear control to clear the register to 0

A clock mput to synchronize the operations

A shift-nght control 1o enable the shift-nght operation and senal input and output lines
associated with the shift-nght




A shifi-left control 1o enable the shift-left operation and senal input and output lines
associated with the shift-left

A parallel loads control to enable a paralle] transfer and the n input lines associated with
the parallel transfer

N parallel output lines

A control state that leaves the information in the register unchanged in the presence of
the clock.

A umversal shift register can be realized using multiplexers. The below fig shows the logic
dingram of a 4-bit universal shift register that has all capabilities. It consists of 4 D flip-flops and
four multiplexers. The four multiplexers have two common selection inputs sl and s0. Input 0 in
each multiplexer is selected when S150=(X), input | is selected when S150=01 and input 2 is
selected when S150=10 and input 4 is selected when S150=11. The selection inputs control the
mixde of operation of the register according to the functions entries. When 5150=0, the present
value of the register is applied to the D inputs of flip-flops. The condition forms a path from the
output of each flip-flop into the input of the same flip-flop. The next clock edge transfers into
each flip-fop the binary value it held previously, and no change of state occurs, When S 150=01,
terminal | of the multiplexer inputs have a path to the D inputs of the flip-flop. This cavuses a
shift-nght operation, with senal input transferred into flip-flopAd4. When S150=10, a shaft left
operation results with the other serial input going into flip-flop Al. Finally when S150=11, the
binary information on the parallel input lines is wransferred into the register simultaneously
during the next clock cycle

k

e

4-bit universal shift register
Figure: logic diagram 4-bit universal shift register




Function table for theregister

mode control
S0  S1 | register operation

0 |0 | Nochange
0 1 | Shift Right
I |0 | Shift lefi
|| 1| Purallel load

Counters:

Counter is a device which stores (and sometimes displays) the number of times
particular event or process has occurred, often in relationship to a clock signal. A Digital counter
is a set of flip flops whose state change in response to pulses apphied at the input to the counter.
Counters may be asynchronous counters or synchronous counters. Asynchronous counters are
also called nipple counters

In electronics counters can be implemented quite easily using register-type circuits such as

the Mip-flops and a wide variety of classifications exist:

Asynchronous (npple) counter — changing state bits are used as clocks to subsequent state
Mip-flops

Synchronous counter — all state bits change under control of a singleclock

Decade counter = counts through ten states per stage

Up/down counter — counts both up and down, under command of a control input

Ring counter - formed by a shift register with feedback connection in a ring

Johnson counter — a masted nng counter

Cascaded counter

Modulus counter,

Each is useful for different applications. Usually, counter circmts are digital in nature, and count
in natural binary Many types of counter circuits are availlable as digital building blocks, for
example a number of chips in the 4000 series implement different counters.

Occasionally there are advantages to using a counting sequence other than the natural binary
sequence such as the binary coded decimal counter, a linear feed-back shift register counter, or
a gray-code counter.

Counters are useful for digital clocks and timers, and in oven timers, VCR clocks, etc.




Asvnchronous counters:

An asynchronous (ripple) counter is a single JK-type {lip-flop, wath its J (data) input fed
from its own inverted output. This circuit can store one bit, and hence can count from zero (o one
before it overflows (starts over from (), This counter will increment once for every clock cycle
and takes two clock cycles to overflow, so every cvcle it will alternate between a transition from
0to 1 and a transition from | to 0. Notice that this creates a new clock with a 50% duty cycle at
exactly half the frequency of the input clock. If this output is then used as the clock signal for a
similarly arranged D flip-flop (remembering to invert the output to the input), one will get
another | bit counter that counts half as fast. Putting them together yvields a two-bit counter;

Two-hit ripple up-counter using negative edge triggered flip fop:

Two bt npple counter used two fhip-flops. There are four possible states from 2 - bt up-
counting Le. 00, 01, 10 and 11.

- The counter is initially assumed to be at a state 00 where the outputs of the 1ow flip-flops
are noted as Q Qo Where ) forms the MSB and Qq forms the LSB.

For the negative edge of the first dock pulse, output of the first flip-flop FF, toggles its
state. Thus Q; remains at 0 and Qo wggles to 1 and the counter state are now read as 01.

During the next negative edge of the input clock pulse FF, toggles and Qu = 0. The output
Q0 being a clock signal for the second flip-flop FF; and the present transition acts as a negative
edge for FF: thus woggles its state Q) = 1. The counter state is now read as 10.

For the next negative edge of the input clock to FF, output QO toggles to 1. But this
ransition from 0 to 1 being a positive edge for FF: output Q) remains at 1. The counter state is
now read as 1 1.

, For the next negative edge of the input clock, Qo toggles to (0. This transition from 1 to 0
acts as a negative edge clock for FF: and its output Q, toggles to 0. Thus the starting state 00 is
attamed. Figure shown below




Two-bit ripple down-counter using negative edge triggered Hip flop:

HIGH=T

B el Bl Bl Bl
O';r;:-_l ‘_r I—
0 1 2 3 o) 5 6 7 0

A 2-bit down-counter counts in the order 0,3.2,1,0,1 de, 00 11 10010011 etc the
above hg. shows npple down counter, using negative edge tnggered J-K FFs and s nming
diagram.
o For down counting, Q1° of FF1 is connected to the clock of FI2. Let initially all the FFI
toggles, so, Q1 goes froma0toa | and Q1° goes from a | o al.




The negative-going signal at Q1° is applied to the clock input of FF2, toggles FI2 and,
therefore, Q2 goes from a 0 to a 1.so0, after one clock pulse Q2=1 and QI=1, Le., the state
of the counter is 11.

Al the negative-going edge of the second clock pulse, Q1 changes from a | to a 0 and
Ql*fromaltoal.

This positive-going signal at Q1° does not affect FF2 and, therefore, Q2 remains at a |
Hence , the state of the counter after second clock pulse is 10

Al the negative going edge of the third clock pulse, FIFI toggles. So Q1. goes from a () to
al and Q1 from 1 to 0. This negative going signal at Q1* toggles FF2 and, so, Q2
changes from | to 0, hence, the state of the counter after the third clock pulse 1s01.

Al the negative going edge of the fourth clock pulse, FF1 toggles. So QI, goes from a |
toa0and Q1° from O to 1. . This positive going signal at Q1° does not affect FF2 and. so,
Q2 remains at (), hence, the state of the counter after the fourth clock pulse is (0.

Two-bit ripple up-down counter using negative edge triggered Mip Nop:

Gown —
Up -

ol | sl
T i |
= o [

Figure: asynchronous 2-bitl ripple up-down counter using negative edge triggered Mip MNop:

® As the name indicates an up-down counter is a counter which can count both 1n upward
and downward directions. An up-down counter is also called a forward'backward counter
or a bidirectional counter. So, a control signal or a mode signal M is required to choose
the direction of count. When M=1 for up counting, Q1 is transmitted to clock of FF2 and
when M=0 for down counting. Q1° 1s transmitted to clock of FF2 This 1s aclhueved by
using two AND gates and one OR gates. The external clock signal is applied to FFI.

o Clock signal to FF2=(Q1 Upy+HQ1". Down=QIm+Q1 "M’
Design of Asynchronous counters:

To design a asynchronous counter, first we write the sequence |, then tabulate the values of
reset signal R for vanous states of the counter and obtain the mimimal expression for R and R
using K-Map or any other method  Provide a feedback such that R and R* resets all the FF's after
the desired coumt




Design of a Mod-6 asynchronous counter using T FFs:

A mod-6 counter has six stable states 000, 001, 010, 011, 100, and 101. When the sixth
clock pulse is applied, the counter temporanly goes to 110 state, but immediately resets to (00
because of the feedback provided. it i1s <divide by-6-counterl, in the sense that it divides the
input clock frequency by 6.t requires three FFs, because the smallest value of n satsfying the
conditionN<2" is n=3; three FFs can have 8 possible states, out of which only six are utilized and
the remaining two states 1 10and 111, are invalid. If initially the counter is in 000 state, then afier
the sixth clock pulse, it goes 1o (01, after the second clock pulse, it goes to 010, and 50 on.

RI

Alter sixth clock pulse 1t goes to (X0, For the design, write the truth table with present state
outputs Q3, Q2 and Q1 as the variables, and reset R as the output and obtain an expression for R
in terms of Q3, Q2, and Qlthat decides the feedback into be provided. From the truth table,
R=0Q3Q2. For active-low Reset, R' i1s used. The reset pulse is of very short duration, of the order
of nanoseconds and it 1s equal to the propagation delay time of the NAND gate used. The
expression for R can also be determined as follows,

R=() for 000 1o 101, R=1 for 110, and R=X=forl 11
Therelore,
R=0Q30Q20Q1'+Q30Q20Q1=0302
The logic diagram and timing diagram of Mod-6 counter 1s shown in the above fig.

The truth wble 1s as shown in below,
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Design of 2 mod- 10 asynchronous counter using T-Mip-Nops:

A mod-10 counter 1s a decade counter. It also called a BCD counter or a divide-by-10
counter. It requires four flip-flops (condition 10 <2" is n=4). So, there are 16 possible states, out
of which ten are valid and remaiming six are invalid. The counter has ten stable state, 0000
through 1001, 1.e., it counts from ) 1o 9. The imtal state is (N0 and afer nine clock pulses it
goes 1o 1001, When the tenth clock pulse is applied, the counter goes to state 1010 wemporanly,
but because of the feedback provided, it resets to initial state (NKN), So, there will be a glitch in
the waveform of Q2. The state 1010 is a temporary state for which the reset signal R=1, R=0 for
0000 1o 1001, and R=C for 1011 to 1111.
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The count table and the K-Map for reset are shown in fig. from the K-Map R=0Q4Q2. 5o,
feedback 1s provided from second and fourth FFs. For active ~HIGH reset, Q4Q2 is applied to
the clear terminal. For active-LOW reset 4 2 is connected 1sof all Flip=flops.
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Synchronous counters:

Asynchronous counters are senal counters. They are slow because each FF cun change state
only if all the preceding FFs have changed their stute. if the clock frequency is very high, the
asynchronous counter may skip some of the states. This problem is overcome i synchronous
counters or parallel counters. Synchronous counters are counters 1n which all the flip llops are
triggered simultancously by the clock pulses Synchronous counters have a common clock pulse
applied simultaneously to all flip-flops.” A 2-Bit Synchronous Binary Counter
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Design of synchronous counters:
For a systematic design of synchronous counters. The following procedure is used,

Step 1:State Diagram: draw the state diagram showing all the possible states state diagram which
also be called nth transition diagrams, 15 a graphical means of depicting the sequence of states
through which the counter progresses.

Step2: number of fhp-flops: based on the descniption of the problem, determine the required
number n of the flip-flops- the smallest value of n s such that the number of states N<2"-- and
the desired counting sequence.

Step3: choice of flip-flops excitation table: select the type of flip-flop to be used and write the
excitation table. An excitation table is a table that lists the present state (ps) . the next state(ns)
and required excitations.




Stepd: minimal expressions for excitations: obtain the minimal expressions for the excitations of
the FF using K-maps drawn for the excitation of the flip-flops in terms of the present states and
mputs,

StepS: logic diagram: draw a logic diagram based on the minimal expressions
Design of a synchronous 3-bit up-down counter using JK Mip-Nops:

Stepl: determine the number of flip-flops required. A 3-bit counter requires three FFs. It has 8
states (000,001,010,01 1L 101110, 11T) and all the states are valid. Hence no don't cares. For
sclecting up and down modes, a control or mode signal M is required. When the mode signal
M=1 and counts down when M=0. The clock signal 15 applied to all the FFs simultaneously.

Step2: draw the state diagrams: the state diagram of the 3-bit up-down counter is drawn as

Stepd: select the type of flip flop and draw the excitation table: JK flip-flops are selected and the
excitation table ol a 3-bit up-down counter using JK Mip-flops is drawn as shown in hg.
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Stepd: obtain the minimal expressions: From the excitation table we can conclude that J1=1 and
Kl=1, because all the entnies for Jland K1 are either X or 1. The K-maps for J3, K3J2 and K2
based on the excitation table and the minimal expression obtained from them are shown in fig.
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StepS: draw the logic diagram: a logic diagram using those mimimal expressions can be drawn as
shown in fig.
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Design of a synchronous modulo-6 gray cod counter:

Step 1: the number of flip-flops: we know that the counting sequence for a modulo-6 gray code
counter 15 000, 001, 011,010, 110, and 111. It requires n=3FFs (N<2", 1.¢., 6<2"). 3 FFs can have
8 states. So the remaining two states 101 and 100 are invahd. The entnies for excitation
cormresponding to invalid states are don’t cares

Step2: the state diagram: the state diagram of the mod-6 gray code converter 1s drawn as shown

oo
e—0—6




Step3: type of flip-flop and the excitation table: T flip-flops are selected and the excitation table
of the mod-6 gray code counter using T-lip-flops is wntten as shown in g,

required

s NS

Q3 [Q21]0Q1 Q3 01 ™ 7
0 (o o 1o 1 |0 [0 [1
0
|
0
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() 0 | 0 | 0 I
() I 0 () 0 0
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I

0 I | 0 0
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Stepd: The minimal expressions: the K-maps for excitations of FFs T3, T2and T1 in terms of
outputs of FFs Q3,0Q2, and QI, their minimization and the minimal expressions for excitations
obtained from them are shown if fig
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StepS: the logic diagram: the logic diagram based on those mumimal expressions 1s drawn
shown 1n hig.




Design of a synchronous BCD Up-Down counter uvsing FFs:

Stepl: the number of flip-flops: a BCD counter 1s a mod- 10 counter has 10 states (0000 through
1001) and so it requires n=4FFs(N<2"_ i.e., 10<2"). 4 FFS can have 16 states. So out of 16 states,
six states (1010 through 1111) are invalid. For selecting up and down mode, a control or mode
signal M 1s required. , it counts up when M=1 and counts down when M=(0. The clock signal is
applied 1o all FFs,

Step2: the state diagram: The state diagram of the mod-10 up-down counter is drawn as shown
in fig.

Step3: types of flip-flops and excitation table: T flip-flops are selected and the excitation table of
the modulo-10 up down counter using T flip-flops is drawn as shown in fig.

The remaining minterms are don’t cares( d(20.21,22.23 24 .25 26,37 28.29,30.31)) from
the excitanon table we can see that T1=1 and the expression for T4, T3, T2 are asfollows.
T4=Ym{0,15,16,19+d(20,21,22,23 24 25,26,27,28,29.30,31)
T3=Ym(7,15,16,8)+d(20,21,22,23 24 25 26,27 28,2930 31)
T2=y m(3.4,7.8.11,12,15,16+d(20,21,22. 23 24 25.26,27,28,29,30.31)
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Stepd: The minimal expression: since there are 4 state variables and a mode signal, we require §
varable kmaps. 20 conditions of Q4Q3Q2Q1M are valid and the remaining 12 combinations are
invalid. So the entries for excitations corresponding to those invalid combinations are don‘t
cares. Mimmizing K-maps for T2 we get

T 2=Q401'M+O4"QIM+Q2O1"'M*+Q30Q1 "M*

StepS: the logic diagram: the logic diagram based on the above equation is shown in fig.
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Shift register counters:

One of the applications of shift register 1s that they can be arranged to form several types of
counters. The most widely used shift register counter is ring counter as well as the twisted ring
counter,

Ring counter: this is the simplest shift register counter. The basic nng counter using D flip-

flops is shown in fig. the realization of this counter using JK FFs. The Q output of each stage is
connected to the D flip-flop connected back 1o the ring counter.,

I

— '

-
FIGURE: logic diagram of 4-bit ring counter using D flip-Nops

Only a single | is in the register and is made to circulate around the register as long as clock
pulses are applied. Initially the first FF is present to a 1. So, the initial state is 1000, e, Ql=1,
Q2=0,Q3=0,Q4=0. After each clock pulse, the contents of the register are shified to the nght by
one bit and Q4 is shifted back to Q1. The sequence repeats after four clock pulses. The number




of distinct states in the ring counter, i.e., the mod of the ning counter is equal to number of FFs
used in the counter. An n-bit ning counter can count only n bits, where as n-bit npple counter can
count 2" bits. So, the ring counter is uneconomical compared to a ripple counter but has
advantage of requining no decoder, since we can read the count by simply noting which FF is set.
Since it is entirely a synchronous operation and requires no gates external FFs, it has the further
advantage of being very fast.

Timing diagram:

Stme 0

Shilt

Qs

Twisted Ring counter (Johnson counter):

This counter s obtained from a serial-in, sernial-out shift register by providing feedback
from the inverted output of the last FF 1o the D input of the first FF. the Q output of each s
connected to the D iput of the next stage, but the Q° output of the last stage 1s connected to the
D input of the first stage, therefore, the name twisted ring counter. This feedback arrangement
produces a unique sequence of states.

The logic diagram of a 4-bit Johnson counter using D FF is shown in [ig. the realization
of the same using J-K FFs i1s shown in fig.. The state diagram and the sequence table are shown
in figure. The tuming diagram of a Johnson counter i1s shown in figure.

Let initially all the FFs be reset, i.e., the state of the counter be 0000. After each clock
pulse, the level of Q1 1s shufted to Q2, the level of Q2to Q3, Q3 to Q4 and the level of (4 to QI
and the sequences given in fig.
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MEMORY

Memory structures are crucial in digital design. -~ ROM, PROM. EPROM. RAM, SRAM., (S)DRAM,
RDRAM, ..

» All memory structures have an address bus and a data bus - Possibly other control signals tocontrol
output etc. *k g 4 Bit Address bus with 5 Bit Data Bus ADDR DOUT

There are two types of memones that are used in digital systems:

o Random-access memory(RAM): perform both the write and
read operations.
o Read-only memory(ROM): perform only the readoperation.

The read-only memory is a programmable logic device. Other such units are the programmablelogic
array(PLA), the programmable armay logic(PAL), and the field-programmable gatearray(FPGA).

Random-Access Memory:
A memory unit stores binary information in groups of bits called words.

e byte =8 bits
¢ word = 2 bytes

The communication between a memory and its environment is achieved through data input andoutput
lines, address selection lines, and control lines that specify the direction oftransfer.

l n data input lines
i I

Memory unit
Read ———» 2% words

n bit per word

k address lines ——»

J

l n data output lines

Fig. 7-2 Block Diagram of a Memory Unit

In random-access memory, the word locations may be thought of & being separated in space, with
each word occupying one particular location.

In sequential-access memory. the information stored in some medium is not immediately accessible,
but is available only centain intervals of time. A magnetic disk or tape unit is of this type.

In a random-access memory, the access time is always the same regardless of the particular locationof
the word.




Static RAM

SRAM consists essentially of internal latches that store the binaryinformation.
The stored information remains valid as long as power s apphed 1o the uni.
SRAM 1s eamier o use and has shorter read and write cycles.

Low density, low capacity, high cost, high speed, high power consumption

Dynamic RAM

DRAM stores the binary information in the form of electric charges oncapacitors.
The capacitors are provided inside the chip by MOS transistors.

The capacitors tends 1o discharge with time and must be peniodically recharged by refreshing the
dynamic memory.

DRAM offers reduced power consumption and larger storage capacity in a single memorychap.

High density, high capacity, low cost, low speed, low power consumption




Memory decoding

Input Data

ig:lrcssL & &
' 0 o -

< Tee

decoder
2

Memory
Enable

Read/Write

Output Data

The equivalent logic of abinary cell that stores one bit of information is shown below

*  ReadWrite = (), select = 1, input data 1o S-R laich
*  Read'Wnie = |, select = |, output data from 5-R latch
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Programmable Logic Array:

The decoder in PROM is replaced by an array of AND gates that can be programmed to
generate any product term of the mput vanables.

The product terms are then connected to OR gates to provide the sum of products forthe
required Boolean functions,

The output is inverted when the XOR input is connected to 1 (since x® | =x"). The output

doesn’t change and connect 1o 0 (since x 20 = x).
Fl =
AB'+AC+A'BC’

F2=(AC+BC)

Fe 7-14 PLA with 3 Inputs, 4 Product Terms and 2 Outpuis




Implement the following two Boolean functions with a PLA:
o FilA,B,C)=%(0,1,2,4)
o FAA B C)=2(0,56,7)

Fi=A'B'+A'C'+B'C Fy=AB + AC+ A'B'C
Fi1=(AB + AC + BC)' F=(A'C+A'B+ AB'C")




Both the true and complement of
the functions are simplified in sum

of products.

We can find the same terms from
the group terms of the functions of
F,, F,",F> and F.," which will make
the minimum terms.

F1 (AB + AC + BC)’
FZ2 = AB + AC + A'B’'C’

2
3
4

A'B'C 0 0 0

Fig. 7-15 Solution to Example 7-2







MICROPROCESSOR ARCHITECTURE

The microprocessor is the central processing unit or cpu of a micro computer.it is the heant of the
computer.

INTEL B08S:

It is an 8 bit Nmos microprocessor.it is an forty pin IC(integrated circuit) package fabricated on
a single LSI (Large scale Integration) chip.

It uses a single +5 volt d.c.(Direct Current) supply for its operation. It clock spee is 3 mhz.lt
consists of 3 man sections,

I-Arithmetic Logic Uni(ALU)
2-Timing and control unit
3-Several Registers
Arithmetic Logic Unit:

It performs vanious anthmetic an logical operations like aition substraction Jogical an
Xor.or,notincrement elc.

Timing and control unit:

It generates ming an control signals hich are necessary for the execution of the instructions. il
controls the ata flo beteen cpu an peripherals,

Several Registers:

Registers:-it is a collection of flip flops use to store a binary word they are used by the
microprocessor for the temporary storage and manipulation of data and instructions,

8085 has the following registers:

1-8 bit accumulator 1e. register A

2-6 8 bits general purpose registers i.e. B.C.D.EH.L
3-one 16 bit regiser i.e.stack pointer

4-16 bit Program counter, Status register, Temporary register, Instruction Register,



The regiser A holds the operands dunng program execution.

There are 6 8 bits general purpose registers B.C_E H.L are 1o handle 16 bit data.two 8 bit
registers can be combined.this is called register pair.valid pair of 8085 are B-C.-E.H-L.The H-L
pair 15 used to as address memory location. B-C.D-E are used for access another function.
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STACK POINTER:

Stack is a sequence of memory locaton defined by the programmer in LIFO function. That is last

Element 1o be placed on the stack is first one is 1o removed .The stack pointer contain the address
of the stack cup.

PROGRAM COUNTER:

It is the address of the next mstructions to be executed.
INSTRUCTION REGISTER:

It holds a copy of the current instruction until it is decoded.

STATUS REGISTER:

It contains the status flags of 3085 microprocessor.

TEMPORARY REGISTER:

It is used 1o store intermediate results and for intermediate calculations.
STATUS FLAGS:

It is a set of 5 flip-flops

.  Carry Flag(Cs)
. Sign Flag(s)
i,  Zero Flag(Z)
iv. Panty Flag(P)
v. Auxilanty carry flag(Ac)
Carry Flag:
It holds carry out of the resulting from the execution of an arithmetic operation.

If there 1s a carry from addition or a borrow from substraction or compansion,the carry flag is
said 1o | ortherwise it is (.

Sign Flag:
Itis set to 1 if the MSB of the result of an arithemetic or logical operation is | ortherwise it is 0.



Zero Flag:
It is said to 1 if the result of an arithmetic or logical operation is zero.for non zero result,it is 0.
Parity Flag:

It is set to 1 when the the result of the operation contains even no.of 1& it is set to 0if there are
odd no.of 1.

Auxilary Carry Flag:

It holds carry from bit 3 1o A resulting from the execution of an arithmetic operation.If there is a
carry from bit 3 10 4,the AC flag is set to 1 ortherwise it is 0.

Program Status Word(PSW):

It is a combination of 8-bits where five bits indicates the 5 status flags & three bits are undefined.
Psw and the accumulator treated as a 16 bit unit for stack operation,

BUS ORGANISATION:

INTEL 8085 is a 8 bit micro processor.its data bus is 8 bit wide .8 bit of data can be transmitted
in parallel form.or to the microprocessor,

Address bar is 16 bit wide as memory address are of 16 bit. 8 msb is the address are
transmitted by on AB-A15.8 LSB is is the address are transmitted by the data bus ADO-AD7 . The
address or data bus transmits data & address at different moments.it can transmits data or address
at a nme.
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FINDESCRIFTION OF S0835

Ax-Ais (output)-These are address bus and are used for the most sigmficant bits of the memory
address or 8 bits of 1O address.

ADy-ADs (input/output)-these are time multiplexed address /data bus that is they serve dual
purpose .they are used for the least significant 8 bits of the memory address or VO address during
the first clock cycle of a machine cycle. Again they are used for data during second and third
clock cycles.



ALE (output)-it is an address latch enable signal. It goes high during first clock cyvcle of a
machine cycle and enables the lower 8 bits of the address 1o be latched either into the memory or
external lawch.

1O/M(output)-it is a status signal which distinguishes whether the address is for memory or VO.
when it goes high the address on the address bus is for an VO device. When it goes low the
address on the address bus is for a memory location,

Se. S; (output)-these are status signal sent by the microprocessor o distinguish the various types

of operation
Status code for Intel BOSS
Sy So
Operations
0 0 HALT
0 | WRITE
| 0 READ
I | FETCH

RD (output)-it is a signal 1o control READ operation .when it goes low the selected memory or
VO device is read.

“‘_'R{nntput}-ii:asipdmcﬂnunlwnpﬁlﬁm.whmilpnﬂinwthl:dm:mﬂmdulhus
15 written into the selected memory or VO operation.

READY((input)-it is used by the microprocessor o sense whether a peripheral is ready 1o
transfer data or not .a slow peripheral may be connected to the microprocessor through READY
line. if READY is high the penipheral is ready .if it is low the microprocessor waits tll it goes
high.

HOLD (input)-it indicates that another device is requesting for the use of the address and data
bus. Having received a HOLD request the microprocessor relinguishes the use of the buses as
soon as the current machine cycle is completed. Internal processing may continue. the processor
regains the bus after the removal of the HOLD signal. when a HOLD is acknowledged .

HLDA (output)-it is a signal for HOLD acknowledgement. It indicates that the HOLD request
has been received. after the removal of a HOLD request the HLDA goes low. the CPU wukes over
the buses half clock cycle after the HLDA goes low.



INTR (input)-it is an interrupt request signal. Among interrupts it has the lowest priority. An
interrupt is used by io devices 1o ransfer data to the microprocessor without wasting its time.

INTA (output)-it is an interrupt acknowledgement sent by the mucroprocessor after INTR is
received.

RSTS.S, RST6.5, RST 7.5(input)-these are interrupts. Signals are the restart interrupt, they
causes an internal restart to be automatically insernted each of them of a programmable mask.

TRAP-TRAP has the highest prionity. It is used in emergency situation. it is an non-mask able
mterrupt.

Order of priority-
TRAP —» RST7.5 ——» RSTH5 —» RSTS55 ——» INTR

When an interrupt is recognize the next instruction 1s executed from a fixed location in memory.
A subroutine is executed which is called ISS(interrupt service subroutine).

INTERRUPTS ISS ADDRESS
TRAP 0024
RSTS5.5 002C
RST 6.5 (034
RST 7.5 003C

RESET IN (input)-it resets the program counter to zero .it also resets interrupts enable that is an
HLDA flip-flops.

RESETOUT (output )-it indicates that the CPU is being reset.

X1, X2 (input)-these are terminals 10 be connected to an external crystal oscillaor which drives
an internal circuitry of the microprocessor o produce a suitable clock for the operation of
MICTOPTOCESSOT,

CLK (output)-it is a clock output for user. which can be used for other digital integrated
CIrcuns.

SID (input)-it is data line for serial input. The data on this line is loaded into the 7" bit of the
accumulator when rim (read interrupt mask ) instruction is executed.

SOD (output)- it is data line for serial output. The 7" bit of the accumulator is output on sod line
when sim instruction is executed,



Vee-itis +5 volt de supply.
Vss-it i1s the ground reference.
INSTRUCTION AND DATA FORMATS

Intel BOSS is an 8-bit microprocessor. It handles 8-bit data at a time. One byte consists of 8-
bits.A memory location for Intel 8085 microprocessor is designed 1o accumulate 8-bit data. If 16-
bit data are w0 be stored, they are stored in consecutive memory locations. The address of
memory location s Of 16-bit e, 2 bvies,

The vanous techniques to specify data for instructions are:
(1) 8-but or 16-bit data may be directly given in the instruction itself.

(2) The address of the memory location, 1O port or 1O device, where data resides, may
be given in the instruction itself.

(3)In some instructions only one register is specified. The content of the specified register
15 one of the operand and other operand is the accurmulator,

(4) Some instructions specify two registers. The contents of the registers are the required
data.

Due o different ways of specifving data for instruction are not of same length,

S0 there are three types of instructions of Intel BORS:

( 1)Single byte instruction

(2)2-byte instruction

(3)3-byte instruction
Single-Byte instruction.
The content information regarding operands in the opcode itsell . These are of one byte,
Ex-MOV A B ; Move the content of register B 1o A

T8H is opcode for MOV A B. The binary form of opcode 78H is 0111 1000. The first two
bit i.e. 01 for MOV operation: the next 3 bits i.e. 111 for register A and last 3 bits 000 are for
register B.



Two-Byie instruction.

In case of two byte instruction the 1 byte of the instruction is opcode and 2™ byte is either data
or address,

Both bytes are stored in two consecutive memory locations,
Ex-MVI B.O5; Move 05 1o register B
06.05; MVI B.OS in the code form

Here in this case the 17 byte i.e. 06 is the opcode for MVI B and 2™ byte i.e. 05 is the data
which is 10 be moved 1o register B,
In case of three bytes instruction the 1" byte of instruction is opcode and 2™ and 3™ byte of
instruction are either 16-bit data or 16-bit address.
They are stored in three consecutive memory locations.
Ex-LXIH, 2400H ; load H-L pair with 2400H

21,00.24; LXIH, 2400H in code form.

Here 1" byte i.e. 21 is the opcode for instruction LXI H. The 2™ byte i.e. 00 is 8 LSBs of data
which is loaded in 1o register L. The 3" byte i.e. 24 is 8 MSBs of data which is loaded in to
register H.

ADDRESSING MODES OF 8085 ;
Addressing mode: These are various technique to specify data for instruction

a) Direct addressing mode

b) Register addressing mode
¢) Regster addressing mode
d) Immediate addressing mode
e) Imphcit addressing mode.

a) Direct addressing mode:
In this addressing mode the address of the operand is given in the instruction,
Ex: STA 2000H
IN O2H



b) Register addressing mode:

In this addressing mode the operands are in the general purpose register,
The opcode specify the address of the register and the operation to be
Perform.

Ex: MOV AB
ADD B
¢) Register indirect addressing mode:
i.  In this addressing mode the address of the operand is specify by a register
paur.
Ex: LX1 H,2000H
MOV AM

d) Immediate addressing mode:
. In this adressing mode operand is specily with in the instruction.
i,  Ex: MVI A.05H // Move immediate data O5H to Accumulator,

¢) Implicit addressing mode:

I.  This instruction operates on the content of the accumulator.
[I. They don't required operand address.
m. EX:CMA //Complement

DATA TRANSFER GROUP
L. MOY rl.r2 (Move data; move the content of one register to another)

[r1]€=[r2]. State :none. addressing:register addressing. machine cycle: 1.

The content of resister r2 is move to register is moved o register 1. For example,the instruction
MOV A.B moves the contents of resister b to register A The instruction MOV B A moves the
content of register A to register B. The tume for the execution of this nstruction 1s 4 clock
period.One clock period is called is state No lag is affected.

2. MOV r M (move the content of memory to register)
[r]€[[H-L]]. State:7.Mag:none. Addressing:register indirect. Machine cvcle:2

The content of memory location.whose address is in  H-L pair is moved to register r.



Example

LXI H.2000H load H-L pair by 2000H
MOV BM Move the content of the memory location 2000H 1o register B.
HLT Halt

In this example the instruction LXI H.2000H loads H-L pair with 2000Hwhich is the address of
a memory loation. Then the instructuon MOV B.M will move the content of memory location
2000H o register B.

3. MOV M.r. (Move the content of register 1o 10 memaory)
[[H-L]1€[r]. States:7. Flag:none. Addressing-register indirect. Machine cycle:2

The content of register r is moved to the memory location address by H-L pair.For
example MOV M.C moves the content of register ¢ to the memory locaton whose address is in
H-L pair.

4. MVI rdata(moves immediate data to register)
[rl€dama. Sunes:7. Flag:none. adressing:immediate. machine cycle 2

The 1" byte of the instruction is its opcode.the 2™ byte of the instruction is the data which is
moved o register r.For example .the MVI A,05 moves 05 1o register A.ln the code form it is
written as 3E.05.The opcode for MVI A is 3E.05.The opcode for MVI A is 3E and 05 is the daw
which is to be moved 10 register A.

5. MVI M.data (Move immediate data 1o memory)
[[H-L] )€ data . states: 10.flags:none addressing: immediate/reg. Indirect. Machine cycle: 3.
The data is moved to the memory location whose address is in H-L pair.,

Example

LXI H,2400H Load H-L pair with 2400H.

MVI M.O8 Move 08 1o the memory location 2400H.
HLT Halt,

In the above example the instruction LX1 H,2400H Loads H-L pair with 2400H which is the
address of a memory location. Then the instruction MV M,O8 will move 08 1o memory location
2400H.1In the code form it is wnitten as 36,08 The opeode for MVI M 15 36 and 08 is the data
which is to be moved 1o the memory location 2400H.



6. LXI rp, 16-bit data (load register pair immediate)
[rpl€data 16 bits, [rh]€8 MSBs, [rl]€8LSBs of data
States: 10, Flags: none, Addressing: Immediate, Machine Cycles: 3

This instruction loads 16 bit immediate data into register pair rp. This instruction is for register
pair; only high order register is mentioned after the instruction. For example; H in the LXI H
stands for H-L pair. Similarly, LXI1 B is for B-C par. LXI1 H, 2500H loads 2500H into H-L pair.
H with 2500H denotes that the data 2500 is in hexadecimal. In the code form it is written as
21,00,25. The 1" byte of the instruction 21 is the opcode for LX1 H. The second byte 00 is of
SLSBs of the memory address and it 1s loaded inyo register L. The third byte 25 1s 8 MSBS of
the data and it is loaded into register H

7. LDA addr (Load accuomulator direct)
| A€ |addr] States :13, flags :none Addressing: Direct, Machine cycle:4

The content of memory location , whose address is specified by the 2* and 3 bytes of the
instruction; is loaded into the accumulator. The instruction LDA 2400H will load the content of
the memory location 2400H into the accumulator .Inthe code form it is written as 3A,00,24. The
1* byte 3A is the opcode of the instruction . The 2™ byte 00 is of 8LSBs of the memory
address. The 3" byte 24 is 8Msbs of the memory address.

8. STA addr (store accumulator direct)
[addr€[A].Sumes: | 3. Flags:none. Addressing:direct. Machine cycle:d.

The content of the accumulator is stored in the memory location whose address is specified by
tthe 2™ and 3™ byteof the instruction. STA 2000H will store the content of the accumulator in the
memaory location 2000H.

9. LHLD addr (load H-L pair direct).
[L]€ [addr],[H] € [addr+ 1 |.States: | 6. Fags:none. Addressing:direct. Machine cycle:5

The content of the memory location .whose address is specified by 2™ and 3" bytes of the
instruction,is loaded into rsister L. The content of the next memory location s loaded into resister
H. For example .LHLD 2500H will load the content of the memory location 2500H into register
L. The content of the memory locanon 2501H s loaded inwo register H.

10. SHLD addr (store H-L pair direct)
|addr] € [L],[addr+ 1 |€[H].States: | 6, Flags:none, Addressing:direct. Machine cycles: 5



The content of the register L is stored in the memory location whose address is specified by the
2" and 3" bytes of the instruction. The content of register H is stored in the next memory
location .For example SHLD 2500H will stored the content of register L in the memory location
2500H. The content of the register H 1s stored in the memory locaton2501H.

11. LDAX rp(LOAD accumulator indirect)
[AJ€[[rp]].states: 7 Flags:none, Addressing: register indirect, Machine cycle:2

The content of the memory location .whose address is in the register pair rp.is loaded into the
accumulator.For example ,LDAX B will load the content of the memory location, whose address
15 in B-C pair.anto the accumulator. Th instruction is used only for B-C and D-E register pairs.

12. STAX rp (store accumulator indirect)
[Irpl 1€ |A]. States: 7. Flags:none. Addressing mregister indirect. Machine cycles:2,

The content of the accumulator is stored in the memory location whose address i1s in the register
pair rp.For example .STAX D will stored the content of the accumulator in the memory location
whose address is in D-E pair. This instruction is true only for register pair B-C and D-E.

13. XCHG (Exchange the content of the H-L with D-E pair)
[H-L]€[D-E].States: 4, Flags:none, Addressing :register, Machine cycle: 1.

The content of H-L pair are exchanged with contents of D-E pair



ARITHMETIC GROUP

The Instruction of this group performs arithmetic operation such as Addition, Subtraction,
Increment or Decrement of the content of the register or memory.

1. Addr (Add register to accumulator)
[A] « [A] + [r]

The content of register r is added to the content of the accumulator.and the sum is placed in the
accumulator.

2. ADD M({ Add memaory to accumulator)
[A] «[A] +[H-L]

The content of the memory location addressed by H-L pair is added to the content to the
accumulator. The sum is placed in the accumulator.

3. ADCr (Add register with carry to accumulator)
[A] &« [A] + [r] + [CS]

The content of register r and carry status are added to the content of the accumulator. The sum is
placed in the accumulator.

4. ADCM (Add memory with carry to accumulator)
[A] « [A] + [H-L] + [CS]

The content ol the memory location addressed by H-L pair add carry status are added to the
content of the accumulator, The sum 1s placed in the accumulator,

5. ADIdata (Add immediate data to accumulator)
[A] « [A] + data

The immediate data is added to the content to the accumulator. The 1™ byte of the instruction is
its opcode. The 2™ byte of the instruction is data and it is added to the content of the
accumulator. The sum is placed in the accumulator,

FOR EXAMPLE:

The instruction ADI 08 will add 08 to the content of the accumulator and placed the result in the
accumulator. In code form the instruction 1s wrnitten as C6 08,



accumulator.
BRANCH CONTROL GROUP
The instruction of this group change the normal sequence of the program.

There are of two types of branch instruction

o Conditional branch instruction
* Unconditional branch instruction

Conditional branch instruction:-

It transfer the program to the specified level when certain condition is satisfied,

Unconditional branch instruction:-
It transfer the program to the specified level unconditionally.

Example:-JMP addr(label).
ZConditional Jump addrilabel):

JZ addr(label):-Jump if the result is zero Z=1.
INZ addr(label):-jump if the result 1s not zero, Z=0.
JCaddr(label):-jump if there 15 a carry,CS5=1,

INC addr(label ):-jump if there is no carry,CS5=0,
JP addr(label):-jump if the result is plus,S=0),

JM addr(label ):-jump if the result is minus,S=1.
JPE addr(label):-jump if even parity.P=1.

JPO addr(label):-jump if odd parity,P=0.

e - I O L

*CALL addr(label):-

Used in unconditional branch instruction.
Used to call a sub-routine,before control its transfer to the subroutine .
The content of program counter is saved in the stack.
Call is 3-byte instruction.

*Conditional CALL addr(label):
1. OC addr(label):-call subroutine if carry status CS=1.
2. ONC addr(label):-call subroutine if carry status CS=0,



CZ addr{label):-call subroutine if the result is zero (the zero status Z=1.
CNZ addr(label):-call subroutineifl the result is not zerothe zero status Z=().
CP addri{label):-call subroutineif the result is plus:the sign status S=0,

CM addr({label):-call subroutineifl the result is minus;the sign status S=1.
CPE addr(label):-call subroutine if even parity;the parity status P=1.

CPO addr(label):-call subroutine if odd panity;the parity status P=(),

*RET(Return sub routine):-

e Jtis used at the end of a subroutine.

e Before the execution of a subroutine the address of the next instruction of
the main program is saved in the stack.

e The content of the stack pointer 1s incremented by 2 1o indicate the new
stack 1wop.

PN RW

*Condi Return:-

RC:-Return from subroutine if carry status CS8=1.

RNC:-Return from subroutine if carry status CS=().,

RZ:-Return from subroutine if the result is zeroithe zero status Z=1.
RNZ:-Retnm from subroutineif the result is not zero;the zero stams Z=().
RP:-Retum from subroutineil the result isplus;the sign statusS=(0),
RM:-:-Retum from subroutine if the result is minus the sign status S=1.
RPE:-:-Retrn from subroutine if even parity,the parity status P=1,
RPO:-_:-Retum from subroutine if odd panty.the parity status P=(),

ZRST p (restart) Instruction;-

® ltis a one-word call instruction the content of a program counter is
saved in the stack the program jumps to the mstruction starting o
restart location.

e The address of the restart location 1s 8 times n.

i BN I L

There are 8 RST restant instruction carrying from RSTO-RST7.

e  These are software interrupts used by the programmer to interrupt

the microprocessor.
® The restant instruction and location are as follows:-

Instruction Opcode Restart Location
RSTO C7 D000



RSTI CF OO0R

RSTZD7 0010

RST3 DF 0018
R5TH E7 0020
RSTS EF 0028
RST6 F7 0030
RSTVFF 0038

Jump o address specilied by H-Lpair.,
e The content of H-Lpawrare transferred to the program counter.

e The content of register L. will be loaded 10 8 LSBs of PC and content of register H will
loaded 1o 8 MSBs.

L ALPFOR ADDITION OF TWO 8-BIT NUMBERS: SUM 8-BIT
Moemonics Operand Comments
LXI1 H.2501 H Get Address of 15 No. in H-L pair
MOV A M 15 no. in accumulator
INX H Increment content of H-L. pair
ADD M Add 15t no. and 21 no,
STA 2503 H Store sum in 2503 H.
HLT Stop the program.
DATA
2501- 49 H

2502- 56 H



The sum is stored in memory locanon 2503 H.

R LT
2503- 9F H.

2. ALP FOR SUBTRACTION OF TWO 8-BIT NUMBERS
Mpemonics Operand Comments

LXI H. 2501 H Get address of 1% no. in H-L pair.
MOV A.M 1% no. in accumulator.
INX H Content of H-L. pair in 2502 H.
SUB M 15t no. — 20d o,
INX H Content of H-L pair becomes 2503 H.
MOV M. A Store results in 2503 H.
HLT Stop the program.
DATA
2501- 49 H
2502- 32 H

The result is stored in memory location 2503 H.

RESULT
2503- 17 H.
. SUM:
Labels Mpemonics Operand Comment
LX1 H, 2501 H Address of 15! no. in H-L pair.
MVI C, 00 MSBs of sum in register C. Initial value = 00,
MOV A M 15 no, in accumulator.

INX T Address of 20 no, 2502 in H-L pair.



ADD
INC
INR
AHEAD: STA
MOV
STA
HLT
DATA
2501-98 H
2502-9A H
RESULT

M 15t po, + 2 o,

AHEAD Is carry”? No, go o the label AHEAD.,

C Yes, incremem C.
2503 H LSBs of sum in 2503 H.
A,.C MS5Bs of sum in accumulator,
254 H MSBs of sum in 2504 H.
Stop the program.

2503- 32 H. LSBs of sum.

2504- 01 H, MSBs of sum.

MOV

INX

ADD
DAA
INC
INR

AHEAD: STA

H.2501 H  Address of 15 no, in H-L pair.

C. 00 MSDs of sum in register C. Immnal value = 00,

A.M 1% no, in accumulator,
H Address of 20 no, 2502 in H-L pair.
M 15t no. + 20d pg,

Decimal adjust.

AHEAD Is carry? No, go to the label AHEAD.
C Yes | increment C.

2503 H L5Ds of sum in 2503 H.



STA
HLT

DATA
2501- 84 D
2502- 75 D

RESULT

A, C

2504 H

MSDs of sum 1n accumulator.
MSDs of sum in 2504 H.

Stop the program.

2503- 59 D, LSDs of the sum.

2504- 01 D, MSDs of the sum.
S ALPFORS-BIT DECIMAL SUBTRACTION
Mpemonics — Operand Comments

LXI
MVI
SUB
INR
DCX
ADD
DAA
STA
HLT

DATA

2501- 96 H.

2502- 38 H.

H.2502 H
A9

M

2503 H

Get address of 20 no, in H-L pair.

Place 99 in accumulator.

9's compliment of 20 no.

10"s compliment of 20d po,

Get address of 15 no,

Add 15 no. & 10°s compliment 20 no,
Decimal Adjustment.

Store result in 2503 H.

Stop the program.

The result is stored in memory location 2503 H.



RESULT
2503- 58 H.

6. ALP FOR 8-BIT MULTIPLICATION: PRODUCT 16 BIT
Lable Mupemonics Operand Comments

LHLD 2501 H Get multuphcand in H-L pair.
XCHG Multiplicand in D-E pair.
LDA 2503 H Multiphier in accumulator.
LXI H, 0000 Initial value of the product =00
In H-L pair.
MVI C, 08 Count = B in register C.
LOOP: DAD H shift partial product left by 1 bit,
RAL Rotate multiplier left 1 bit. Is multipliers bit=17
INC AHEAD No, go to AHEAD.
DAD D Product=product + muluplicand.
AHEAD: DCR C Decrement count.
INZ LOOP
SHLD 2504 H Store result.
HLT Stop the program.,

DATA

2501-84 H , LSBs of Multiplicand.
2502-00, MSBs of Multiplicand.
2503-56 H. Multiplier.

RESULT

2504-58 H, LSBs of product,



2505-2C H , MSBs of product.

7. ALP FOR 8-BIT DIVISION

Lable Mnemonics
LHLD

LDA

MOV

MVI

LOOP: DAD
MOV

SUB

IC

MOV

INR

INZ
SHLD

Operands Comments
2501 H Get dividend in H-L pair.
2503 H Get divisor from 2503 H.
B.A Divisor in register B.
C. 08 Count = 08 in register C.
H Shift dividend and quotient
Left by one bit.
A.H Most significant bits of dividend
In accumulator.
B Subtract divisor from
Most significant bits of dividend.
AHEAD Is most significant part of
Dividend > divisor ? No, Go
AHEAD.
H A Most significant bits of dividend
In register H.
L Yes, add 1 to quotient.
C Decrement count.
LOOP Is count =07 No Jump o LOOP.
2504 H Store quotient in 2504 and
Remainder in 2505 H.
Store the program.



DATA

2501-98 H, LSBs of dividend.
2502-48 H, MSBs of dividend.
2503-1A H. divisor.

RESULT

2504-F2, Quonent.

2505-07, Remainder.

Example. Shift 65 left by one bit.

The binary representation of 65 is given below:

65=0110 0101
(6) (5)
Result of shifting
65 left by one bit =1100 1010=CA
(C) (A)

To shift a number left by one bit the number is added 1o itself. If 65 is added o 65,the result is

CA as shown below.
65=0110 0101
+ 65=01100101

1100 1010=CA

The number is placed in memory 2501 H.The result is to be stored in memory 2502 H.
PROGRAM

2000 |3A0125

~2501H

2003 87 i ADD A Shift it left by one bit
2004 32.02.25 STA 2502H Store result in 2502H
2007 76 HLT Halt




DATA
2501-65 H

Result
2502-CA H

The instruction LDA 2501 H transfers the number from memory location 2501 H 1o the
accumulator. ADD A adds the contents of the accumulator to itself. The result is twice the
number and thus the number is shifted left by one bit. This program does not take carry into
account after ADD instruction. If numbers to be handled are likely 1o produce carry the program
may be modified 1o store it



Shift 7596 H left by one bit. 7596=0111 0101 1001 0110
(7)
Result of shifting left by one bit =1110 1011 0010 1100=EB2C
(C)

The number is placed in the memory locations 2501 and 2502 H.

(E)

(3 )

(B) (@)

(6)

The result is 1o be stored in the memory locations 2503 and 2504 H.

PROGRAM
2A.01.25 LHLD H 2501H | Get data in H-L pair
2003 29 - DAD H Shift left by one bit -
3004 33.03.25 SHLD 3503 H | Store result in 2503 and 2504 H
2007 76 HLT Stop
Example | Example 2
DATA DATA

2501-96 H. LSBs of the number.

2502-75 H. MSBs of the number.

Result

2502-2C, LSBs of the resulu

2504-EB, MSBs of the result.

2501-BF, LSBs of the number,
2502-00, MSBs of the number.
Result

2503-7E, LSBs of the resulL
2504-01, MSBs of the result,

The 16-bit number has been placed in two consecutive memory location 2501 and 2502 H. The
instruction LHLD 2501 H transfers the 16-bit number from 2501 and 2502 H 1o H-L pair. DAD
H is an instruction for 16-bit addition. It adds the contents of H-L pair to itself. Thus, the 16-bit
number is shifted left by one bit. The 16-bit result is stored in the memory locations 2503 and
2504 H by SHLD instruction. In some cases there may be carry after the execution of instruction
DAD H. In that case carry may be stored in some register. The program may be modified

accordingly.




If the shifting of an B-bit number gives a result which is more than B-bits, the
problem can be tackled using the technigue of shifting 16-bit number in Example 2.

Number=A6
=1010 0110
(A) (6)

Result=06=0000 0110
(A) (D)

We want to make off the least significant 4 bits of a given number. The LSD of the given
number A6 is 6. It is to be cleared(masked off) i.e. it is to be made equal 1o zero. The MSD of the
number A6 is A. In the binary form it is 1010, It is not to be affected. If this number is added
with 1111 i.e. F, it will not be affected. Similarly, the LSD of the number is 6. In the binary form
it is represented by 0110, If it is added with 0000, it becomes (00N i.c. it is cleared. Thus, if the
number A6 is added with FO, the LSD of the number is masked off.

2000 3A.01.25 TLDA — 2501 H 1 Get data in accummilator

2003 | E6FD ANI H Mask off the least significant 4 bits
2005 32.02.25 STA 2502 H Store result in 2502 H

2008 76 HLT Stop

DATA

2501-A6

Result

2502-A0

The instruction LDA 2501 H transfers the content of memory location 2501 H i.e. the given
number to the accumulator. ANI FO logically ANDs the content of the accumulator with FO 1o
clear the least significant 4 bits of the number. STA 2502 H stores the result in memory location
2502 H. HLT stops the program.



Number=A6

=1010 0110
(A) (6)
Result=06=0000 0110

0y  (6)

To mask off 4 most significant bits of a number, 4 MSBs are added with 0000, The least
signmificant bits are not to be affected and therefore, they are added with 1111 we. F. Thus, if an 8-
bit number is added with OF, the 4 most significant bits are cleared.

LR T ol

2005 320225 .:]-_ISTE e ](1502 2 H [ Store result in 2502 H

| Sop

Result
2502-06

The instruction LDA 2501 H transfers the contents of memory location 2501 H 1o the
accumulator. ANI OF logically ANDs the content of the accumulator with OF 1o clear the most
significant 4 bits of the number. STA 2502 H stores the result in 2502 H. HLT stops the

program.
12. ALP to find larger of two numbers

Examplel. Find the larger of 98H and 87H.
The first number 98H is placed in the memory location 2501 H.
The 2™ number 87H is placed in the memory location 2502H

The result is stored in the memory location 2503H.



The numbers are represented in the form of hexadecimal system. The first number is moved
from its memory location to the accumulator It is compared with the 2™ number. The larger of
the two numbers 1s then placed in the accumulator. From the accumulator the larger number is
moved to the desired memory location.

PROGRAM
Memory addr  machine code labels memonics  operands comments
2000 21,0125 LXI H.2501H  Address of 1" no in HLpair
2003 7E MOV AM 1™ no in accumulator
2004 23 INX H Address of 2™ no in HLpair
2005 BE CMP M Compare 2™ no with 1" no
Is the 2™ no >1*
2006 D2.0A.20 INC AHEAD No,larger number is in
Accamulator.Goto AHEAD
2009 7E MOV AM Yes get 2™ number in the
accumulator
200A 32,0325 AHEAD STA 2503H Store larger number in
2503H
200D 76 HLT STOP
DATA:
2501-98H
2502-87TH

Result 1s 98H and 1t is stored in memory location 2503H
RESULT:
2503-98H



L3 ALFP 1o God the largest number in a data array

The no 1n a senes are 98.75.99 as there are three nos in the senes the count=(3. The count 1s
placed in the memory location 2500H. The nos are placed in the memory location 2501 10 2503H
. The result is to be stored in the memory location 2450H.The 1™ no of the series is placed in the
accumulator and it is compaied with the 2™ no residing in the memory. The larger of two nos
placed in the accumulator Again this no which s in the accumulator 1s compared with the third
no of the series and the larger no is placed in the accumulator This process of comparision is
repeated till all the nos of the series are compared and the largest nomis stored in the desired
memaory location,

PROGRAM:
Memory addr Machine Code  Labels  Mnemonics Operands Comments
2000 21,0025 LXI H.2500H Address for count
In HL pair
2003 4E MOV cM Count in register C
2004 23 INX H Address of 1" no
in HLpair
2005 7E MOV AM 1% no in accumulator
2006 oD DCR C Decrement count
2007 23 LOOP INX H Address of next number
2008 BE CMP M Compare next number
With pervious maximum.
Is next no>previous maximum?
20089 D2.0D.20 INC AHEAD NoJarger number is in
Accumulator go to the
Lable AHEAD
2000 TE MOV AM Yes, get larger in
Accumulator

200D oD AHEAD DCR C Decrement count



200E C2.07.20 INZ

2011 32,50.24 STA

2014 76 HLT
EXAMPLE:

DATA:

2500-03

2501-98

2502-75

2503-99

RESULT:

2450-99

14. ALF to find the smaller of two numbers

Find the smaller of 84H and 99H.

The first no 84H is placed in the memory location 2501H.
The 2™ no 99H is placed in the memory location 2502H

Store the result in the memory location 2503H.

The nos are represented in hexadecimal no system. The first no s moved from its memory
location to the accumulator.lt is compared with the 2™ no. The smaller of the two is then placed
in the accumulator.From the accumulator the smaller no is moved to the desired memory

locaton where it i1s 10 be stored.
PROGRAM

LOOP

2450H

Memory addr  machine code labels memonics  operands

Store result in 2450H

Stop

comments
Address of 1" no in HLpair

1" no in accumulator

Address of 2™ no in HLpair

2000 21.01.25 LXI H.2501H
2003 TE MOV AM
2004 23 INX H

2005 BE CMP M

Compare 2™ no with 1™ no



Is the 2% no >1*
2006 D2.0A.20 IC AHEAD No larger number is in

Accumulstor.Goto AHEAD

2000 7E MOV AM Yes get 2™ number in the
accumulator
200A 32,0325 AHEAD STA 2503H Store larger number in
2503H
200D 76 HLT STOP
Example- 1

DATA: 2501-98H

2502-87H
Result is 87TH and it is stored in memory location 2503H
15. A
The number of a series are 8658 and 75.

As there are three numbers in the senies.count=03

The count is placed in the memory location 2500H

The numbers are placed in the memory locanon 2501 w 2503H
The result is 1o be stored in the memory location 2450H

The 1" no of the series is placed in the accumulator and it is compaired with the 2™ no residing
in the memory. The Smaller of two nos 15 placed in the accumulator .Again this no which 1s in the
accumulator is compared with the third no of the series and the Smaller no is placed in the
accumulator. This process of comparision is repeated till all the nos of the series are compared
and the Smallest number is stored in the desired memory location.



PROGRAM:

Memory addr Machine Code  Labels Mnemonics Operands Comments

2000 21,0025

2003 4E
2004 23
2005 TE
2006 0D
2007 23 LOOP
2008 BE
2009 D2.0D. 20
200C TE
200D oD AHEAD
200E C2.07.20
2011 32,5024
2014 76
EXAMPLE:
DATA:

2500-03H

LXI

MOV
INX

MOV

INX

CMP

IC

MOV

INZ
STA
HLT

H.2500H Address for count

In HL. pair

cM Count in register C
H Address of 1" no
in HLpair

1°T no in accumulator

AM
% Decrement count
H Address of next number
M Compare next number
With pervious maximum,.
Is next no>previous maximum?
AHEAD No,larger number is in
Accumulator go to the
Lable AHEAD
AM Yes, get larger in
Accumulator
B Decrement count
LOOP
2450H  Store result in 2450H

Stop



2501-86H
2502-58H
2503-75H

RESULT:

2450-58H

1. In VO read cycle the microprocessor reads the data available at an input port/input device. The
data is placed In accumulator.

2.An VO read cycle it is similar 1o memory read cvele except that signal VO/M(bar) goes high in
case of VO rea.

3.1t indicates that the address on the address bus s for an input device,

4.l case of VO device or VO port the address is only 8 bit long. So the address of /O device is
duplicated on both address and address data bus.

Ex-IN instruction is an example of /0 READ.

5.1t 1s 2byies long. So it requires 3 machine cycles such as opcode fetch cyele, memory read
¢ycle wo read the input port address, 140 read cycle o read daw from mput port



| Ava DX | VO Port address

AD,-AD, )(WFMIW:)--“--“- DATA | (DD |

oM=1, \ S,=i | Sg=0

TIMING DIAGRAM FOR MEMORY READCYCLE

b

ot il T Ol S

In memory read cycle the microprocessor read the content of memory location
The content is the placed in either accumulator any other CPU register.
Ex-MVI A, 05H

In this cycle io/m(bar) goes low indicate that the address is for memory,

S1 and SO are set 1o be | and 0 respectively for read operation.

Address lines AR 10 AlS carry SMSBs of memory address of data

Address lines ADO to AD7 carry BLSBs of memory address of data.

During T2 SLSBs of address is latched ADO -AD7 are made free for data transfer.
RD(bhar) goes low in T2 enable the memaory read operation

Now data i1s placed in data bus dunng T3 daia enters the cpu

Ex-LX1 H.2000H



JIMING DIAGRAM FOR MEMORY WRITE CYCLE-
1. In a memory write cyvele the CPLU sends data from accumulator or any other register o

MEmory.

2. The status signal So and 5 are | and 0 respectively for write operation.

3. goes low 1n T; indicating that the wnite operation to be performed.

4. During T; the address/data bus 1s not disable but the data 1o be sent out to memory placed on
the address/data bus.

5. As soon as goes high in T the write operation 1s terminatexd.

Example: - 1. MOV M. A

2.5TA 2000H



Fig. 3.12. Timing Diagram for Memory Write Operat



Fig. 3.12. Timing Diagram for s Write Opera

l. In an VO wnite cycle the CPU sends data 1o an YO port or an 0 device from the accumulator,

2. It is similar to a memory write cycle except that 10/M goes high indicating that the address
sent by CPU 1s for 1O device or 10 port.

3. The address of an VO port (8-bit) is duplicated on both address and address/data bus.

4. The OUT instruction is used for 1O write operation. It is a 2 byte instruction and required 3
machine cycle. MC1 is the opcode fetch cycle. MC2 is a memory read cycle for reading the VO
device address from memory.MC3 is an VO write cycle for saving accumulator data o the /O
device or 1O port



Interrupts caused by 1O devices to transfer data to or from the microprocessor are called

Hardware Interrupts.

Example- TRAP. RST 7.5, RST 6.5. R5T 5.5

When an interrupt is recognized the next instruction is executed from a fixed location in memory

as given below
INTERRUPTS ISS ADDRESS
TRAP 0024
RSTS.5 002C
RST 6.5 0034
RST 7.5 003C

The normal operation of the microprocessor can also be interrupted by abnormal internal
conditions on special instruction. Such interrupts are called Software Interrupts.

Example-RST 00 1o RST 7 instructions of 8085,

They are used in debugging of a program.

INSTRUCTION OPCODE ISS ADDRESS
RSTO C7 OO0
RST | CF O00x
RST 2 D7 0010
RST 3 DF 001x
RS5T 4 E7 0020
RST 5 EF 0028
RST 6 F7 0030
RST 7 FF 0038

The internal abnormal or unusual conditions which prevent the normal processing sequence of a

microprocessor are called Exception.
Example-Divide by zero is an exception.




VECTOR INTERRUFTS AND NON VECTOR INTERRUPTS-

For TRAP, RST 7.5, RST 6.5, RST 5.5 interrupts, the program is automatically transferred 1o
the ISS address without any external hardware . These interrupts for which hardware
automatically transfers the program to a specific memory location is known as Vector Interrupt.

When several VO devices are connected 1o INTR interrupts line an external hardware is used to
interface 1O devices. This circuit generates RST-n codes to implement the multiple intermupts
schemes, These are not vector intemmupts,

RST7.5.RST 6.5, RST 5.5

RST 7.5, RST 6.5, RST 5.5 are maskable interrupts. They are enable by software using
instruction EI and SIM. SIM instruction enables or disable according 1o the bit of accumulator.

ACCUMULATOR CONTENT BEFORE EXECUTION OF SIM-

7 6 5 4 3 < l 0
SOD SOE X R7.5 MSE M7.5 M6.5 MS5.5
l l lindefined | | Reset Mask Set l RST6.5 RST5.5
Serial S0D RST7.5 | | mask Mask
Output Enable RS | | e Mask
Data
RST 5.5 mask bit=1, it is masked off
RST 6.5 mask bit=(), it is enable
RST 7.5 mask
Muask Set Enable (MSE) should be set 10 1 1o make bits 0 10 2 effective.
()- Write a set of instruction to enable all the interrupts.
Ans- Label Mnemonics Operands Comments
El Enable imterrupts
MVI A.OBH  Get accumulator bit pattem to enable RST 7.5,6.5. 5.5

SIM Enable RST 7.5, 6.5, 5.5



Q-Write a set of instruction to enable RST 6.5 and disable RST7.5, RST 5.5,
Ans- Label Mnemonics Operands  Comments

El Enable interrupts
MVI A. IDH Accumulator bit pattern 1o enable RST 6.5 and masked
Off RST 7.5 and 5.5
SIM Enable RST 6.5 and disable RST 7.5 and 5.5
PENDING INTERRUPTS:

When one interrupt is being served other interrupts may occur resulting in a pending request.
When more than one interrupt occur simultaneously the interrupt with higher prionty 1s served
and interrupts with lower priority reman pending.

The BOES has an instruction RIM using which the programmer can know the current status of the
pending maskable imterrupts.

In case of INTR, the processor needs its status in the last state of the last machine cycle of the
The bit pattern of the accumulator after execution of RIM instruction is given by;

Bits 0-2 are for interrupt masks.

Bit 3 enable interrupt flag

Bits 4-6 indicate pending interrupts
Bit 7 is SID if any

7 6 5 4 3 2 | 0
S1D 17.5 16.5 15.5 1= M7.5 M6.5 M5.5
+ L T J + I 3 I
Serial ‘ I interrupt Enable Flag
Pending Interrupts _ Interrupt Mask for
Inout data 1=pending 1=enabled, O=disable RSTS.S. 6.5, 7.5
What happens w 1=Masked O=Disable

1. When an interrupt line goes high, the microprocessor completes its current instruction
and saves program counter on the stack.

2. It also resets Interrupt Enable (IE) flip flop before taking up the ISS (Interrupt Service
Subroutine) so that the occurrence of further interrupts by other devices is prevented
dunng the execution of IS5S.



ADDRESS SPACE PARTITIONING

Intel RORS uses a | 6-bit wide address bus or addressing memory and 1O devices. It can access
2'"=64k bytes of memory and 1O devices. There are two schemes for the allocation of address to
memaories or VO devices.

1. Memory mapped V'O scheme
2. 1O mapped /O scheme

L Meweory Mapped VO Scheme

In this scheme there is only one address space. Address space is defined as set of all possible
addresses that a microprocessor can generate. Some address are assigned 1o memories and some
address to MO devices. Suppose memory locations are assigned the address 2000-2500, One
address 15 assigned 10 each memory location. These addresses cannot be assigned to L0 devices.
The addresses assigned 1o VO devices are different from address assigned w0 memory, For
example, 2506, 2501, 2502 ew. may be assigned o 1O devices. One address is assigned 1o each
1O device.

In this scheme all the data transfer instruction of the microprocessor can be used for both
memaory as well as 1O devices. For example, MOV A, M will be valid for data ransfer from the
memory location or VO device whose address is in H-L pair, This scheme is suitable for small
system.

210 Mapped VO Scheme

In this scheme the address are assigned 10 memory locations can also be assigned 10 VO devices.
To distinguish whether the address on an address bus is for memory location or 1O devices. The
Intel RORS issues [OM...... signal for this purpose. When the signal is high the address of an
address bus is for VO device. When low, the address is for a memory location. Two extra
instructions IN and OUT are used 10 address 10 device. The IN instruction is used 10 read data
from an input device. And OUT mstruction is used 1o an output device. This scheme is suitable

for large system.
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Fig. 7.1 Schematic Diagram lor Mermory and VO Interfacing.
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MICROPROCESSOR

Memory Interfacing

An address decoding circuit is employed to select the required VO device or a memory chip.,
When IO/M....... i1s high, decoder is to active and the require 10 device is selected. IF 10/M.....
is low, the decoderl is activited the required memory chip is selected. A few msb of address line
is applied to the decoder 1o select the memory chip or an VO device.
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Fig. 7.2 Interfacing of Memory and VO Devices.
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MEMORY CLASSIFICATION

The memory is used to store information used by the CPU. The information may be in the form
of program, that the CPU executes or data on which the CPU operates. Memory can be classified

N (WO groups.

I- Primary Memory
2- Secondary Memory

Primary memory is constituted by memory blocks within the address space of the processor.
They are implemented by using read only memory(ROM) which are not volatile memones and
read write memories or random access memory(RAM) which are volatile memories. ROMs are
used to store the permanent programs and data while RAMs are used 1o store intermediate results
and data. Secondary memories such as magnetic tapes, floppy disk, hard disk etc are used to
store large amounts of data. The CPU cannot directly access secondary units.

L-Primary Memory
It is that part of the memory which can be directly access by the CPU. It can be viewed as a stack
of words, each word be associated with a unigue address. These words may be instruction or

data. A CPL having n address line can access 2" memory location. The total primary memory
area is partition into two separate sections called the ROM area and the read/write area.



ROM Area

On power on or a reset, the CPU always starts executing program from a hxed default address
which is usually the first address of the address space. These instructions are usually imtialize the
sequences which direct the CPU to imitialize all sub system in the systems. For example CPU
may initialize the display driver display outputs in a particular manner or initialize a key-board 1o
accept the centain commands. This initialization sequence which has to perform each time
computer begins (o its operation is part of the monitor software which is stored in the permanemt
or non-volatile memory. The words permanent or non-volatile implies that the program is not
lost when the power i1s swiiched off and that 1t 15 available each nume the power is swiiched on. It
is implemented by using a special kind of memory called read only memory or ROM. The data
in this selection cannot be written over and can only the read. The ROM is used to store
nformation that should not change. ROMs are available into 4 types. There are

L Masked ROM
i PROM

. EPROM

. EEFPROM

i-Masked ROM

The instructions in such ROMs are permanently installed by the manufacturer as for the
specification provided by the system programmer and cannot be altered. This ROM contains
call arrays in which 1s and Os ........ are stored by means of a metallization interconnect most
< vrr. @t the time of fabrication.

li-PROM (Programmable Read Only Memory)

The manufacturer provides a memory device which can be programmed by the user by using
a PROM program. The PROM uses a fusible links that can be burnt or melted by special
PROM burming circuit. A fused link is corresponds 1o zero.

iii- EFROM (Erasable PROM)

It uses most charge storage technology. It is also programmable by the user, The information
staored in the EPROM can be erased by exposing the memory to ultraviolet light which erase
the data stored the data in total memory area. Then the memory can be reprogrammable by
the user by using EPROM buming circuit.

iv-EEPROM (Electrically Erasable FROM)

This is similar 10 EPROM except that the erasing done by electrical signal instead of
ultraviolet light and that the data in memory location can be selective erased.



Read/Write Area

It is a special kind of memory area where information can be written into or read from
whenever necessary. The CPLU uses this section memory as a scratch pad memory. It 1s also
called read/write memory or RAM. The CPU can access any memory location by specifying
its address. Unlike ROM the conventional is a volatile memory ie. the contents of the RAM
are used when the power is switched off. RAMs are two types.

i-Static RAM

In the case of static RAM once the data is written into a memory location, the data remain
unchanged unless on same memory location 1s written into again. It uses flip-flops for
storage clements,

ii-Dyvnamic RAM

In case of dynamic RAM the basic storage elements is a capacitor. This element contains a
lor a O depending on the presence or absence of charge. Unlike static RAM, the contents of
the dynamic RAM may change with time due 1o leakage of charge. So 1t is necessary o
periodically refresh the storage element in a dynamic RAM. Here it has external refresh
circuitry. The advantages of dynamic RAM over static RAM are

... It consumes less power than static RAM.
... It has about 5 imes more storage element per unit area.
Disadvantages are that

... DRAMS have slower access imes and need special circuitry 1o peniodically refresh
e mory,

i-RAMSs:

RAMSs are also implemented using other technologies hike 1-RAM (integrated RAM) whach
are dynamic RAM devices in which the memory refresh circuitry is implemented within the
device.

Bubble Memories
It is a type of DRAM. Here the contents are not lost when the power is switched off.

Z-Secondary Memory

The maximum capacity of primary memory 2 location. Each of 2 location where n is the
number of CPU address lines. Sometimes it is necessary to handle more data than allowed by
the primary memory. In such cases secondary memory is used. The CPU cannot directly



access memaory but can access through VO ponts. Examples are magnetic tapes, hard disk,
and Moppy disk.

MEMORY STRUCTURE:
ROM MODEL:
A read only memory (ROM) 1s an encoder 1o select a word in an encoder, only one of the inputs
must be made active, But to save lines, the CPU directly puts out the address of the word it wants

10 access. So it 18 necessary 1o insen a device between the address put out by the CPU and the
ROM inputs which enables a unigue input 1o the ROM. This device must be a decoder,
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(Decoded ROM of capacity 8B bytes)
This 1s an example with an address bus of n=3 bits and a memory of ¥ bytes (2°=8 words).

The CPU puts out the address 111 on the address lines AsA;Aq 1o access the 8" word B;. B; is
made active by the decoder and the word W (7) = W (7) W, (7) Wy (7) is put on the data bus.

RAM or READWRITE MODEL:

The imemnal organization of a random access memory (RAM) is similar to that of ROM. But
RAM has input which is made active when data is to be written into RAM.

The figure shows a 3 bit = 8 wonds RAM.



One of the outputs of the decoder 1s made active depending on the address which is input to it
This active output is fed 1o the encoder 1o generate the output W, which is directly connected to
the common data bus of the system.
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(RAM or R’'W MODEL)



This is done by using 7415138 which is a 3-8 line decoder.

r'—nm

Fig. 7.3 Interfacing of Memory Chips using 7405138

(Memory interfacing using 74L.S138)
The address of the memory location i1s sent out by the microprocessor. The corresponding
memory chip is selected by a decoding circuit.

Gl, G2A, G2B are enable signals of the decoder. To enable 7415138 decoder, Gl should be
high and G2A, G2B should be low. A, B, C are the select lines of the decoder. Yo-Y; are the 8
output lines.

By applying proper logic to select lines, any one of the outputs can be selected. The selecied
output line goes low while other output lines remain high.

The entire memory address = 64 KB for 8085 has been divided into 8 zones. The address lines
Az Ay Ajs have been applied to A, B, C select lines. The logic applied to these select lines A, B,
C selects a particular memory device i.e. an EPROM or RAM. The address lines Agto Aj; decide
the address of the memory location within a selected memory chip.

IOV s connected 1o G2B, Gl is connected to +5volt de supply and G2A is grounded.
Addresses of 8 zones;



Decoder output | Memory device | Zones of the address spaces | Memory location address
Yo EPROMI ZONE O 0000 1 1FFF
Y, EPROM2 ZONE 1 2000 10 3FFF
Y: RAMI ZONE 2 4000 1o SFFF
Ys RAM2 ZONE 3 6000 10 TFFF
Y. RAM3 ZONE 4 8000 10 9FFF
Y RAM4 ZONE 5 AOOO w BFFF
Y, RAMS ZONE 6 CO00 1w DFFF
Yy RAMG ZONE 7 E000 1o FFFF

Total memory = 0000 10 FFFF = 64 KB
Memory of each zone = 64/8 KB = 8KB
S055A Minimum System Microcompuier
An BO8S a based minimum system microcomputer needs the following components

« CPU
e MEMORY
« O PORTS

*“The CPU co-ordinates the activities job all the components on a microcomputer.

* On a reseting or after a power on the CPU executes the programs stored in the permanent

memaory starting from the first address in the address space.
* The data for program execution can come from memory or from [0 pons.

* A scratchpad memory in the RAM area is essential w0 store intermediate data and also o

function as a stack.

*The [0 ports are essential for the CPU 10 collect data from an environment and sends out

appropriate signals 1o control a processing.

*In order to avoud extra circuit tree and keep the number of components to be mummum el

corporation introduced two special chips.

e RIS55/8156 chip
e R355/875S5 chip

Both of these are on chip address de-multiplexing circuits.

8155
*The 8155 is a 40 pin chip having 8 bit 256 word RAM memory



*Two programmable B bit 10 ports ie. port A port B
*one programmable 6 bit 10 port Le. pont C

*one programmable 14 bit binary timer/counter

*An internal address latch

%156 s functionally compatible with 8155except that it uses an active high chip enable signals
while 8155 uses the active low chip enable.

BISS
The 8355 has a 2 KB ROM memory and 8 bit paralle! ports Le. port A and port B
8755

The B755 has 2 KB of EPROM memory instead of ROM memory and consist of two 8 bit
parallel ports i.e. port A and port B,

* B155/8156 is used as RAM memory.
* B355/8755 15 used as ROM memory.

TROBSA 15 used as CPU.



SCHEMATIC DIAGRAM OF S8085A MINIMUM SYSTEM MICROCOMPUTER

*RSTS5.5, RST 6.5 and RST 7.5 are maskable interrupt.
* They are enable by software using instruction EI and SIM.

* 5IM instruction enable or disable interrupts according to the bit pattern of the accumulator,

ABSOLUTENVS PARTIAL DECODING

Absolute Decoding Partial Decoding
*When the output port is selected *When the output port is selected
by the decoding all of the 8 address by decoding some of the address

lines it is called absolute decoding.lines it is called partial decoding.
*It is good design practice but it is *It is less costly.

costly,



*The output device selected as a *The output device selected as
unigue address multiple addresses.
*It 15 used in large syslems. *It 15 used in small systems.

DATA TRANSFER GROUP

Instructions which are used to transfer data from one register to another register, from memory to
register or from register to memory they come under this group.

For e.g- MOV rl, r2 - move the content of the one register to another. The content of register r2
is moved to register rl. For example , the instruction MOV A.B moves the content of register B

o regisier A. The mstruction MOV B A moves the content of regisier A to register B . The ume

for the execution of this instruction is 4 clock penod. One clock period is called state. No flag is

affected.

1. MOV rM (Maove the content of the memory 1o register).

The content of the memaory location ,whose address s in HL pair, is moved to register r.
e.g- LXI H.2000H load HL pair by 2000H

MOV B.M Move the content of the memory location 2000H 1o register B.
HLT Halt,

2. MOV My (Move the content of register to memory).

The content of register r 1s moved to the memory locanon addressed by HL par.

3. MVI rdata (move immediate data to register .)

The 1* byte of the instruction is its opcode. The 2™ byte of the instruction is the data which is
moved 1o register r. For example , the instruction MVI1 A 05 Moves 05 1o register A. [n the code

form it i1s written as 3E0S5. The opeode for MVI A is 3E and 05 is the data which i1s to be moved
o register A,

4. MV1 M.data (move immediate data to memory. )

The data is moved o memory location whose address i1s in HL pair. for example
ILXI H2400H  load HL pair with 2400H

MVI M08 Move 08 1o the memory location 2400H

HLT Halt



5. LXI rp,data 16- This instruction loads 16 bit data immediate data into register pair rp. This
mstruction is for register pair only high order register pair is mentioned after the instruction . for
example H in the instruction LX1 H 2500H into HL pair. H with 2500H denotes that the data
2500H denotes that the data 2500 is in hexadecimal. In the code form it 1s written as 21,00,25,
The 1" byte of the instruction 21 is the opcode for LXI H. The 2™ byte 00 is 8 LSBs of the data
and it is loaded into the register L. The 3™ byte 25 is 8 MSBs of the data and it is loaded into
register H.

6. LDA addr (load accumulator direct).-The content of the memory location, whose address is
specified by the 2™ and 3" bytes of the instruction is loaded into the accumulator. The
instruction LDA 2400H will load the content of the memory location 2400H into the
accumulator . The 2 byte 00 is of 8 LSBs of the memory address . The 3**byte 24 is 8 MSBs
of the memory address .

7. 5TA addr (store accumulator direct).-The content of the accumulator is stored in the memory
location whose address is specified by the 2™ and 3™ byte of the instruction. STA 2000H will
store the content of the accumulator in the memory location 2000H.

8. LHLD addr (Load HL Pair direct)- The content of the memory location , whose address 15
specified by the 2™ and 3" bytes of the instruction ,is loaded into the register L. The content of
the next memaory location is loaded into the register H.

9. SHL.D addr (store HLpair direct) -The content of the register L is stored in the memory
location whose address is specified by the 2™ and 3™ bytes of the instruction. The content of the
register H is stored in the next memory location 2500H . The content of register H is stored in
the memory location 2501 H.

10. LDAX rp (LOAD accumulator direct) —=The content of the memory location whose address
1s in the register pair rp is loaded into the accumulator.

11. STAX rp (store the accumulator direct)- The content of the memory location is stored in the
memory locatnon whose address i1s in the register par rp .

12. XCHG (Exchange the contents of HL with DE pair )-The contents of HL pair are exchanged
with contents of DE pair.



VO PORTS - 8212 :-

% An input device is connected o the micro processor through an input port.

& An input device is a place for unloading data. An input device unloads data into the
port, & the micro processor reads data from the input port.

4 Similarly, an output device is connected to the micro processor through an output

port.
Address bus
>| K: g
DEVICE

MICRO Data bus Vo
PROCESSDR PORTS

=

[IHTERFAE' ING OF 10 DEVICE THROUGH VO PORT ]

4 An 10 pont may be programmable or non-programmable.

4 A non-programmable /0 port behaves as an input port, if it has been designed and
connected in output mode. A port connected in output mode acts as an output port.

 But a programmable 1/0 port can be programmed to act either as an input port or an 1O
port,

The Intel 8212 is an B-bit non-programmable 1O port. It can be connected 1o the
micro processor either as an input port or as an output port. If we required one inpul port
& one output port, two units of 8212 will be required .one of them will be connected in
mput mode & the other in output mode.



INPUT MODE OUTPUT MODE

Input strobe Ouitput flag
Data Input 1 D:nn> Data input N l %;
/o V/ iyo e
port | CUPU PORT
8212 212
CL_IL_.C DE. E,,O & CIR

é Data bus  Data bus 47
D C
82I55A (PP

PPI-Programmable Peripheral Interface:

A PPlLis a multupont device, The port may be programmed in a verity of ways as
required by the programmer. The device is very useful for interfacing peripheral devices.

It has three, 8-bit port.



& Port A
+ Ponn B
% Pon C

Pont C 1s further subdivided into two, 4-bit ports.

“ Pon C upper
4 Pon C lower

Each port can be programmed either as an input port or as an output port,by sctting proper bits in
the control word.

This control word is written into a control word register (CWR).

CONTROL GROUPS OF B255:

The 24 lines of VO port is divided into 2 groups.

& Group A
4 Group B

Each group contains one 8-bit port & a 4-bit port.

Group A Group B
Pon A Port B
Pont C upper Port C lower

The control word imuahises the pors.,
ARCHITECTURE OF INTEL 8255A :

& It is a 40 pin IC package.
< | operates on a single +5V dc supply.



SCHEMATIC DIAGRAM OF INTEL 8255A:
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PC4-PC7 - Pon Cupper

PCO - PC3 [::} Port C lower
The pins for vanous ports are:-

& PA,- PA; —8 pins of Port A
% PBy-PB; —*8 pins of Port B
4 PCO-PC; —*4 pins of Port C lower
4 PC,-PC; —#4 pins of Port C upper

The important control signals are:

DO - D7 # These are 8-bit bidirectional data lines.

CS (Chip Select) ——4 It is a chip select signal. The low status of this signal
enable communication between CPU & 8255,

RD (Read) —— 4 It allows the CPU 1o read data from the input port of
8255,



WR (Writet

+ when WR goes low, the CPU writes data or control

word into X255,
The CPU writes data into the output port of 8255 & the control word mnto the control word
register (CWR).
RESET—RD” |WR |5 | A1 |A2 | Function - —
reset the 8255 chip.
A A; =%+ | XThe sdection®of VD port &IDWREs dotrestaink A, & A, in
| | 0 X +—X —DBata bus is ristated : .
Conjunction
with RD & WR. A&
A, are RD |WR |C5 | Al | A0 | Output (write) cycle normally
connected
1 0 0 0 0 Data bus to port A 1o the LSBs
of the address bus. They are
¢ S I 0 0 0 | Data bus to port B addressing
I 0 0 I 0 Data bus o pont C any one of
the 4 register, ie. 310
ports and a 1 0 0 1 1 Data bus 10 CWR CWR.
RD |WR |CS | Al | AD | Input (read) cycle
0 1 0 0 0 Port A to data bus
0 | 0 0 [ Port B to data bus
0 I ] | ] Port C 1o data bus
0 | 0 | I CWR to data bus




X=don't care, as (S is |

As RD, WR=1 so even if CS =0, A, Ac=X

Maode of operation of 8255:

There are 2 basic modes of operation of 8255,

<+ BSR Mode ( Bit Set Reset mode )
4+ 1/0 Mode ( Input / Output mode )

BSR Mode:

In this mode, any of the B-bits of Port C can be set or reset depending on bit BO of the control
word. The bit to set or reset is selected by bit select flag B3, B2, Bl of the CWR.

R ol w 3
0 X X X 1 0 | 1
0 for BSR mode v v 0= RESET
I for VO mode Don’t care bits Bit select flags 1=SET
B3 B2 Bl Selected bits for pont C
0 () 0 B




0 0 [ Bl
0 1 0 B2
0 I [ B3
I 0 0 B4
1 0 1 BS5
I 1 0 B6
1 1 1 B7

'O Mode:

In this mode.the 8255 works as programmable 1O ports.
There are three modes of operation of 8255 under 'O made.
i.e. Mode O

Mode |

Mode 2
Mode 0 - Simple input / output
Mode | - Strobed input / output
Mode 2 - Bidirectional input / output

All these modes can be selected by programming a register internal to 8255 known as control
wornd register (CWR), which has two formats — one for BSR mode and another for 'O mode.

Mode 0:

& Itis also known as basic Input / Output mode.
4 This mode provide simple Input / Output capability using each of the three pors,

Features of Mode 0:--

% Two, 8-bit ports i.e. port A and port B & two 4-bit ports i.e. port C upper and port C
lower are avalisble. The two 4-bit ports of port C can be combinedly used as a 3™ 8.
bit port.

4 Any port can be used as an input or output port,

4 Output ports are latched. But, input ports are not latched.

4 A maximum of 4 ports are avaliable. So that 16 I/O configurations are possible.



Model:

This mode is also called strobed 1YO mode. In this mode port C is used for generating hand
shake. Signals to control the input or output action of port A or port B,

Features of Mode 1:

<+ Two groups i.e. group A and group B are avaliable for strobe data transfer. Each groups
contains one 8-bit data V'O port, one 4-bit control port.

% The 8-bit data port can be either used as input or output port.

% Both the inputs and outputs are latched. Out of 8-bit port C i.e. PCO to PC2 are used to
generate control signals for port B and PC3 10 PCS are used to generate control signals
for port A. The line PC6 and PC7 may be used as independent data lines,

Mode 2:

It is known as strobe bidirectional VO mode.

Here only port A 1s available. In this mode 8255 acts as a budirectional 8-bit port with
handshakes signal.

Ecatures of mode 2:

Here only port A is available,

The B-bit port A is bidirectional and additionally a 5-bit control port C is available,
Input and outputs are both latched.

Three VO lines are available at port C i.e. PCO w0 PC2.

The 5-bit control port C i.e. PC3 10 PC7 is used for generating handshake signals for
8-bit data transfer on port A,

Control Word format in 10 mode:

For programming the ports of 8255 a control word is formed. The CPU outputs the control
word to 8255 which is written into the control word register in 8255 .No read operation of
control word register is allowed.
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1=1/0 mode | I ‘ l l ! T

O=BSR Mode Maode selection for Port A Port C lower

Mode 0=00

Input=0 Input=1

Qutput=1 Cutput=0




Port C upper Port B
Inout=1. Outout=0 ), D=0
Mode selection for Port B

Mode 0=0, Mode 1=1




DMA CONTROLLER (Intel 8257/ 8237):
e Intel 8257 is a four channel DMA controller used 1o facilitted the direct memory access
or DMA mode of data transfer.
e [n this mode the devices transfers data directly 1o or from memory with any interference

on the CPU.
e [or facilitating DMA data transfer between several devices a DMA controller is used.

INTERNAL ARCHITEHCHTURE OF82357:
e The chip supports four DMA channel ie four peripheral devices can independently
request for DMA data transfer through these channel at a time.

e The DMA contwroller has 8-bit internal data buffer .a read/write a control unit .a priority
reserving unit along with a set of register.

REGISTER ORGANISATION OF §257:
e Each of the four channels of 8257 has a pair of two 16-bit registers.
e DMA register and terminal count register.
¢ There are two commaon register for all the channel.

{a) Mode set register
(b) Status register

DMA address register:

¢ Each DMA channel has DMA address register . lts function is to store the address of the
starting memoy location which will be access by the DMA channel.

Terminal count register:

* This 16-bit register is used to make sure that the data transfer through a DMA channel
stops after the required number of DMA cvcles.

e  The load of 14-bit terminal count register are initialize with the binary equivalent of the
number of DMA cycle minus one.

e After each DMA cycle the terminal count register contained will be decremented by |
and finally it becomes O after the required number of DMA cycle.

e The bits 14 and 15 of this register indicate the type of the DMA operations

e There are three type of DMA cycle.
(a) Read DMA cycle
(b) Write DMA cycle
(c) Venly DMA cycle



Bits 15 Bits 14 Tvpes of DMA operation

0 0 Verify DMA cycle
0 1 Write DMA cycle
1 0 Read DMA cycle
I (Megal)
MODE SET REGISTER:
The function of this register is to enable the DMA channel indivisually and also to set the various
mades of operation

The bits Dy, =Ds enable one of the four DMA channel of 8257.
For example : If Dyis 1.channelO is enable.

If Dyis set rotating priority is enable

otherwise fixed prionty is enable.

If Bit Dy (TC) is set the selected channel is disable after terminal count register is
least and it prevents any further DMA cyele on the channel.
The auto laod bit that is D if set enable channel for the repeat block chaining
operations.
Afer the first block is ransfer using DMA the channel 2 register are reloaded with
corresponding channel 3 register for the next block transfer if the update flag is set,
Extended write bit Ds is set 10 lextends the duration of memory write (MEMW) and

O write signals OW.

STATUS REGISTER:
¢ Bits Dy-D; contain the terminal count status for the four indivisual channels.
e [f any of these is set it indicates that the specific channel is reached the termanal count
register.
e Bit Dyrepreasents the update flag if it is set the contentsof channel 3 registerare reloaded
with comresponding channel 2 registers without any software intervention.
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SIGNAL DESCRIPTION OF 8257
DRQy-DRQ; :

e These are the 4 individual channels DMA request inputs used by the peripheral devices
for requesting DMA  services.

¢ The DRQghas the highest priority ,while DRQ: has the lowest,if fixed priority mode is
selected.

DACK: - DACK::

e These are the active low DMA acknowledgement output lines which inform the
requesting peripheral that the DMA request has been honoured.

Dy-Ds :
e These are bhidirectional data lines used to interface the system bus with the internal
data bus of 8257.
i0R :

e [In Master mode this signal is used to read data from a peripheral during a memory write
cycle.
e [In slave mode, this input signal is used by the CPU 1o read internal registers of 8257,

e [n Master mode , it is a control output that is used 1o write data to a peripheral
during DMA memory read cycle
e In slave mode it is used to load the contents of the data bus to the ¥ bit mode register.

e This is a clock frequency input required 1o generate system timing for internal operations
of 8257.

RESET :

e This input disables all the DMA channels by clearing the mode registers & translate all
the control lines.

ﬁ.-"ﬁj:
® These are address hines.



L

e [tis an active low chip select line that enables R/'W operations from or o 8257 in slave
miosde.

¢ In master mode it is disabled.
READY:

e This input is used to stretch memory read & write cycles of 8257 by inserting wait states,
HRQ :

 Hold Request output requests access of system bus of 8085 CPU.
HLDA :

e  This input if high indicates 1o the DMA controller that the system bus has been generamed
to the requested peripheral to the CPU.

e This active low memory read output is used 10 read data from the addressed memory
location during DMA read cycle.

m .
]

e This active low memory write output 1s used to write data to the addressed memory
location during DMA write operation.

ADSTB (Adress strobe) :

e This output from 8257 strobe the higher byte of the memory address generated by the
DMA controller into the latches.

AEN (Adress Enble) :

e This output is used to disable the system address & data w stop the non DMA devices
from responding during DMA operations.

TC (Terminal Count) ;

e This output indicates to the currently selected peripheral that the present DMA cycle is
the last for the previously programmed data bus.



MARK :

e The modulo 128 mark output indicates the selected peripheral that the current DMA
cycle is the 128" cycle since the previous marked output.

FRIORITY OF DMA REQUESTS :
The priority resolver resolves the priority of the 4 DMA channels,
There are 2 schemes :-

1. Fixed prionty scheme
2. Rowting prionty scheme

| Fixed Priority Scheme :

In Fixed priority scheme .each device connected 1o a channel is assigned a fixed
priority.

DRQ, has the highest priornty

DRQ;

DRQ:

DRQ: has the lowest priority.

~.Rotating Priority Scheme :

In Rotating Priority scheme ,the priority assigned 1o the channels are not fixed.

A channel that gets service becomes the lowest prionity channel . This avoids the
dominance of any one channel. For example, after channel 0 is served, it becomes the
lowest priority channel.



INTERFACING A DMA CONTROLLER WITH A SYSTEM :

The DMA controller interfacing circuit implements a switching arrangement for the
address. data & control buses of the memory & peripheral sub-system from or o the CPU
To or from the DMA controller,

. The penipheral device that wants to do a DMA data ransfer sends a request w DMA

controller on DRQ line.

. The DMA controller then sends a HOLD request 1o CPL on HRQ line to get control of

system bus.

- The CPU completes the current machine cycle.it releases the system bus to the DMA

controller and sends a high HLDA signal.
. The controller then sends a DMA acknowledgement DACK to the requesting
peripheral. Now it is ready for DMA data transfer.

. During DMA data transfer CPU remains in HOLD state.



FROGRAMABLE INTERRUFT CONTROLLER (FIC) 82594
A PIC 1akes care of a number of simultaneously appeaning mterrupt requests along with their
types and priorities in a multuple interrupt system.

ARCHITECTURE OF §259A

-

INTERRUFPT REQUEST REGISTER (IRR):
IRR stores all the interrupt request in it in order to solve them one by one on priority
basis,

IN - SERVICE REGISTER (ISR):
It stores all the mterrupt request that are being served.

PRIORITY RESOLVER:
This unit determines the priorities of the interrupt request appearing simultaneously.
(In fixed priority mode IR0 has the highest priority while IR7 has the lowest)

INTERRUPT MASK REGISTER (IMR):
The register stores the bits required 1o mask the interrupt inputs.

INTERRUFPT CONTROL LOGIC:
This block manages the interrupt and interrupt acknowledge signal 1o be send to the CPU
for serving one of the ¥ interrupt request.

DATA BUS BUFFER:
This bidirectional buffer interface internal 8259A bus to the microprocessor system data
bus

RW CONTROL LOGIC:
This circuit accepts and decodes command from the CPU.

CASCADE BUFFER /COMPARATION:
This blocks stores and compare to [Ds of all the 8259A use in the system.
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PIN- DESCRIPTION :

Itis a 28 pin IC package.

# 8 :- It is an active low chip selected signal for enabling read and write operation of

B259A.

- R :- This pin is an active low write enable input 10 8259A,

# RD :- It is an active low read enable input to B259A,



"F

D=1}y :-They form a bidirectional data bus that carry 8-bit data and interrupt vector
information.

CASy-CAS; (CASCADE LINE) :- A single 8259A provides 8 vectored interrupts. If
more nterrupt are required , the 8259A is used in the cascade mode in which a master
8259A along with 8 slave 8259A can provide up to 64 vectored interrupt lines, These
cascade hnes anached select hine for addressing the slave 8259A.

SP/EN - (SLAVE PROGRAM / ENABLE LIGIC)

This pin is dual purpose pin. When the chip is used in buffered mode, it can be used as a
buffer enable 1o control buffer trans-receiver.

In buffer mode EN =0

If not in buffer mode then the pin is used as input to designate whether the chip is used as
4 master. tﬁ’: llmnslawlﬁizm

INT :- This pin goes high whenever a vahid interrupt request is asserted. It is used to
imterrupt the CPU.

IRg - IR, (INTERRUPT REQUEST)

This pin act as a inputs o accept interrupt request to the CPU.,

INTA - (INTERRUPT ACKNOWLEDGE)
The pin is an input used to strobe in 8259A interrupt vectored data on 1o the data bus.

The device 8259A can be interfaced with any CPU using either device polling or
interrupt schemes.

DEVICE POLLING

Here the CPU keeps on checking each peripheral device in sequence 1o make sure
if it requires any service from the CPU.

If any such service request is noticed, the CPU serves the request and then goes
on to next device in sequence.

After all the peripheral devices are scanned, the CPU again stants from the 1"
device.

Thus results in reduction of processing speed because most of the CPU tume is
consumed in polling the peripheral devices.

L R T T



COMMAND WORDS OF SJ394
There are two types of command words Le

i. Initinlization Command Words (1CWs)
. Operation Command Words ((MWs)

i Initialization Command Words (1CWs)
= Before it starts functioning, 8259A must be initialized by writing 2-4 command word
in 1o the respective command word register. These are called as ICWs.
P MAa=0&Dy=1
The control word is recognized as ICW,

= It contains the control bits for edge or level triggered mode, single or cascade mode,
call address interval and whether [CW 15 needed or not.
» IfAs=1
The control word is recognized as ICW,;
= The ICW; stores details regarding interrupt vector address,

ICW,

0 | Ay | As | As 1 LTIM | ADI | SNGL | IC,

1=ICW,
— needed
AT - AS
of O=no ICW,
interrupt [ needed
vector
address 1 - Single
-
0-
Cascade
1 - Level
triggered Call Address
- -
0 - Edge 1= interval
triggered of 4 bytes
0= interval
of 8 bytes




Ap=0& Dy=1, ICW,

Ao= L,

L

-~

# The ICW; is read only when there are more than one B259A in the system i.e cascading is

# The ICW; loads an B-bit slave register.

ICW.
Ay D- Dy D Dy Dy D2 1y Dy
1 Ais | Ajg | Aga | Az | Ain | A | As Ag

ICW,; & ICW; are compulsory command word in initialization sequence of 8259A while

ICW: & lCW; are ﬂpﬁﬂl‘lﬂ[.

used.

MASTER MODE 1CW,

Ap D~ Ds Dy Dy Dy D Dy Dy
1 57 Se S¢ Sq 53 S: $: | SO
Sn = 1 = IRn (Input as a slave)

=0 - IEn (Input doesn’t have a slave)

SLAVE MODE ICW,
Ao D D De Dy Dy D D, Dy
1 0 0 0 0 0 ID; | ID; | 1Dy

D2 Dy Dy - 000 10 111 for IRy to IR; or slave O 1o slave 7.

ICW,

The use of this Command Word depends on the 1C, bit of ICW,
If 1IC; =1, ICW,is used otherwise it is neglected.




Al D7 D6 D5 D4 D3 D2 DI DO
| 0 0 0 SFNM | BUF | M/S | AEOI MPM

SFNM :-
If SFNM = |, the special fully nested mode is selected.

TE=

If BUF = 1, the buffer mode is selected.

M/ S:-

The bit decided the master and the slave mode of 82594,

If M/S = 1, B259A is a master.

If M/ S =0, B259A is a slave.

If BUF = 0, M/ S is to be neglected.

AEOI ;-

If AEOI = 1, the automatic end of interrupt mode is selected.
MPM:-

If MPM bit is 0, the BO8S system operation is selected.
If MPM = |, SO86/88 operation is selected.

# The modes of operation of 8259A can be selected by writing three internal register called
as operation command words register.
# The data written into them is called as operation commands word.
# There are three OCWs 1e,
1. OCW,
it OCW;
i OC'W,

0 OCW,is used 1o mask the unwanted interrupt requests.
0 OCW; controls the end of interrupt. the rotate mode and their combinations.
0 OCW, handles the special mask mode.



Operating Modes Of 83594 ;-

4.

5.

8.

10,

Fully nested mode:-

= This is the default mode of operation of 8259A,

= IR, has the highest prionity and IR; has the lowest.

= When interrupt request are noticed. the highest priority request among them is
determined and the vectored is placed on the data bus.

End of Interrupt (EOTI) Mode:-
The ISR bt can be set by EOI command issued before returning from the interrupt
service in this mode.

Automatic Rotation:-
This is used in application where all the interrupting devices are of equal priority.

Automatic EOI Mode:-
In this mode 8259A performs an non specific EOl operation,

Specific Rotation:-
In this mode a bottom prionty level can be selected 10 (ix other prniorines.

If IRS is selected as a bottom priority then IRS will have least priority and IR4 will have a
next priority and IR6 will have the highest priority.

Special Mask Mode:-
In this mode when a mask bit is set, it inhibits/stops further interrupt at that label &
enables interrupt from other label which are not masked.

. Edge and Level Triggered Mode:-

This mode decides whether the interrupts should be edge triggered or label tiggered.

Reading 8259 Status,
The status of internal register of 8259A can be read using this mode.

Poll Command:-
In this mode the INT omput of 8259A is neglected.

Special Fully Nested Mode:- (SFNM)

This mode is used in more complicated system where cascade is used.

In this mode, the master interrupt the CPU only when the interrupting device has a higher
or the same priority than the one currently being solved.



11. BulTered Mode:-
When the 8259A is used in systems where bus driving buffers are used, it is usedin
buffered mode.

12. Cascade Mode:-

In this mode, 82595A is connected in system contiwning one master and maximum ¥
slave o handle up 10 64 priority label.

DATA ACQUISITION SYSTEM

The peripheral devices are connected to the PIC maximum 8 1O devices can be connected o
8259 in single mode through IRO-IR7 hines. The PIC function i1s overall manager in an interrupts
driven system. If more than one 1/O devices then send interrupt request at the same time the PIC
determines the priority.

It first entered into the VO devices the higher priority it sends an interrupt reguest (o the
mucroprocessor through INT line. The microprocessor sends a acknowledgement through INTA
line. On the receive top INTA signal all the interrupt of low priority are inhibited.

If more than 8 VO devices 1o ransfer data using interrupt to 8259 1Cs can be connected in series
such a connection is known as cascading up to 64 1/0 devices connected employing to 8259 ICs.

More than one 8259 are employed in the system the 8259 which is connected 1o the processor is
called master then 8259 which is connected 1o the master 8259 is called slave. For the
measurement and control of physical quantity such speed, displacement etc transducers are used
which give electrical vohage proportional to physical quantity.

This electrical voltage obtain as an output of an transducer is an analog quantity it must be
converted into digital quantity by the A/D converter before it is applied to a microprocessor. To
handle multple signals an analog muluplexer is used.

An A/D converter analog multiplexer is used w convert analog signals o digital quantity. This
digial o/p 1s fed o the microprocessor [or processing.

» The most popular method of analog to digital conversion i1s successive approximation
method.
F Here an unknown voltage Vin is compared with a fraction of the reference voltage Vref,



- In the first step the unknown voltage Vin is compared with YaVr. If Vin>=1/2 Vr, the
MSB of the digital output is set to 1If Vin<1/72Vr, MSB is set to 0.

» In the next step Vin is compared with (1/2b1+1/4)Vr, where bl is the MSB value already
determine. If Vin>=1/2(bl+1/4)Vr the 2™ bit is set to 1.If Vin<1/2(b1+1/4)Vr the 2™ bit is set to
0.

» To obtain the 3™ bit of the digital output Vin is compared with (1/2b1+1/4b2+1/8)Vr,

Clock for A/D converter:-

. The clock frequency required for A/D converter lies in the range of 50 KHz 1w 800 KHz.
. The clock frequency available & microprocessor kit for user is about 3MHz.

The higher frequency of the microprocessor of the microprocessor can be reduced by using 4
master slave flip-flops which reduced the frequency by 1/10".

Fig: -
INPUT | A — ._.|c .l" [
OoP
a—
QD
QA QB QC
Sample & hold circuit:-

This circuit samples the instantaneous value of the AC signal and maintains it at a
constant level .t make this constant voltage available to A/D converter during the conversion

peniod.
LF398:-

LF39%, LF298, LF198 are monolithic sample and hold circuit of national semiconductor.
An extemnal capacitor known as hold capacitor is used with LF398 1o hold the voltage request

upon i,
Droop rate:-

It is the rate st which the o/p of sample & hold circuits decreases. To make the o/p
partually constant this rate should be very small. V+ V




Analog Multiplexer:-

When a number of inputs are to be processed by the computer an analog muluplexer is

used. The multiplexer has logic to switch ON a particular desired channel.

The computer sends appropriate logic to the multiplexer o switch ON the desired
channel.

A multiplexer may be of 8 or 16 channel input multiplexer.

Example:- AM3705 is an 8 channel analog muluplexer of national semiconductor.

Vs, +5v - S
Vss,+5v -« S2
Vdd,_12 - 53
OFE E: 54 :: Data
Output AM3705 S5 Ip
g - S 2!
e — -_.1
(U —
LOGIC _FOR _AMJIT0S:-
LOGIC INPUT OUTPUT ENABLE CHANNEL
1-1‘ 11 Iﬂ
L L L H S
L L H H S;
L H L H 5
L X H H S
H L L H 5
H L H H S
H H L H 5,
H H H H S




ADC 0500 ;-

¢  The ADCOSO0 is an 8 bit monolithic A/D converter of national semiconductor .t
contains a 256 series register which is called 256R network.

e Analog switches selection & control logic a high input impedance comparator and 8 bit
latch have been mcorporated.

e [t uses accessive approximation technique for analog to digital conversion the reference
voltage is applied 1o 256R network.

e The unknown analog mput voltage 1s compared with a fraction of reference voltage with
help of analog switches and R network.

The reference voltage applied approx the 256R network determines the analog input range in
case of Vr=100vols the 1op of R network is connected to +Svol supply at the bottom 1o -Svolt.

Block diagram of ADCO800: Vss _Vgg Clk o/p
+Vref top of 256R network start of [ s/c l ISR
Conversion s/C — gbit [
256R network selection .
comp
& —9%  arator & -
e -
Analog switches r ntrol
i Contro Vi |—
[ Conversion logic VDD _Msa
_Vref bottom of 256R network —L
ZLero & Full scale Adjustment.-

The ADCOS00 gives complementary digital output, The digital o/p corresponding to Sv input is
TOOOONA. Tf the o/p 1s not zero when the input i1s +5V adjustment of Vref . This adjustment 1s
called full scale adjustment.



When the input voltage is zero the actual output is 80 decimal. If the digital output corresponding
o zero volts the output is not 80 hexadecimal then it is adjusted by using | kilo ohm variable
register. The relatnonship between input voltage +5v is

Vin=Vref(1/2b7 +1/4b6i+1/8b5+1/16b4+1/32b3+1/64b2+1/128b1+1/256b0)_5V.

DIGITAL TO ANALOG CONVERT(D/A CONVERIER)-

Digital to analog conventers are used to convert digital quantity 1o analog quantity,

They produce an output current or voltage proportional 1o digital guantity apply to its input,
They are used for the control of relay, small motor, actuator etc.

In communication system digital transmission is faster and convenient but the digital signal have
to be converted back to analog signal at the receiving terminal.

DVA converter are also used as a part of circuit tree of several A/D converter.
OPERATING PRINCIPLE OF A DAC-
DAC contain a ladder network. The network has input prints for binary bits of the digital word.
When MSB of the digital word is 1 it produces an output  current Tref/2,
The bit next to MSB produces Iref/4 and so on,
The output current is given by
lowt=lref{(1/2 by +1/4 b+ 1/B by 3. .. 1/2hg)

for an n-bit digital input.
For an 8-bit DAC

lout = Iref (172 by+1/4 bet 1/8 bs+1/16 byt 1/32 bs+1/64 br+1/128 by +1/256 ba)
where b, bl, . .. b7 are the binary bits of digital word apply 10 DAC,

V=IR=> I=V/R
Iref=Vrel/R

where R 18 resistance in series with Vref.



Example-
Vref=5V, R=2.5 KQ
Iref= 5/2.5x10" =50/25x10 " =2MA
Using an external opamp a voltage output proportional 1o lout is produced.
DAC 0800-
It is a simple monolithic 8-bit DA converter.
PIN DIAGRAM OF DAC 0800

Vic— 1 16 — Compensation
lot—1 2 15 — Vref (-)
Vie—]g 14— Vref (+)
lot—1 4 13 H—V+
8§ o 12 | BoLSB
B,— 6 1M — By

Bs—1 7 10 — Bg
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ANALOG SIGNAL CONDITIONING

The signal conditioning means manipulating an analog signal in such a way that it means
the requirement of the next stage for further processing.

Most common use is in A’'D converter.

They are commonly used in contral engineering application. Operational amplifier are
use to carry out the amplification of the signal in signal conditioning stage.

INPUTS TO SIGNAL CONDITIONING

Signal inputs accepted by signal conditioner are DC voltage and current . AC voltage and
current, frequency and electric charge.

Sensor inputs can be accelerometer, thermocouple, thermistor, registance thermometer
ele.

Outputs for signal conditioning equipment can be voltage .current , frequency timer or
counter Jregistance eic.

SIGNAL CONDITIONING PROCESSES

It includes amplification , filtenng, converting , range matching solation of analog
signal. And any other processes required 1o make sensor output suitable for processing after
conditioning.



1. FILTERING

It is the most common signal conditioning function as not all the signal frequency
spectrum contiun vahid data,

6 Hz AC power lines present is most environment will produce noise if amplified.
2. AMPLIFING

Signal amplification performs 2 important functions,

a. Increases the resolunon of the input signal.

b. Increases its signal 1o noise ratio .

The output of an electronic temperature sensor which is in the range of mih volt is too
low for an A/D convertor 1o process directly. So it is necessary to use an amplifier 1o bring the
voltage level o that required by the ADC.

SENSOR o AMPLIFIER o AD o MICRO PROCESSOR /
e CONVERTER
(OPAMP) MICRO
CONTROLLER

Commonly used amplifier on signal conditioning are S/H amplifier , peak detectors,
log amplifier .antilog amplifier etc.

S ISOLATION

Signal isolation must be used in order 1o pass the analog signal from the source 1o the source to
the measurement device without a physical connection.

It is important to 1solate the expensive equipment used for signal processing after conditioning
from the sensor.

There are 2 types of isolation
A. Magnetic

B. Optic

A. Magnetic

Magnetic isolation transforms the signals from voltage to a magnetic field allowing the signal 1o
be transmitted without a physical connection.



B. Opiic

Opuc 1solation takes an electronic signal and modulates its to a signal coded by light
transmission (optical encoding) .Which is there used for the next stage of processing.

Types of devices that used signal conditioning are isolation amplifier ,multiplexer , A/D
convertor . DVA converor . inverter etc.

It is mostly used for data scquisition in which sensor signal must be normalised and filter to level
suitable for analog frequency 1o voltage convertor, voltage to frequency convertor current 1o
voltage convertor etc.

4. COMPARATOR

Sometimes there is no need 1 send the entire range of voliage from a sensor o the analog to
dagital convertor.

A circuit called comparator is used which takes an analog sensor voltage and compares it to a
threshold voltage, Vih.

If the sensor voltage is greater than the threshold the output of the circuit is maximum.
Vi Swih ——® maximum
VS0 < Vih * minimum

If the sensor voltage is less than the threshold the output of the circuit is minmimum.



Registers of Intel 8086
The Intel BOB6 contains the following register.

(1) Greneral purpose Registers
(1)  Pointer and Index Registers
(i)  Segment Registers

(v)  Instruction Pointer

(v)  Status Flags

General purpose Registers

There are four 16-bit general purpose register: AX, BX, CX and DX. Each of these 16-bit
registers are further subdivided in 1o two B-bit register as shown below.

16-bi - 8-bit hish ord 4 8-bit | y :
AX AH Al
BX BH BIL
X CH CL
DX DH DL

Register AX serves as an accumulator, Register BX.CX and DX are used as general purpose
register in addition 0 serving as general purpose register they also serve as special purpose
register . as a special purpose register BX serves as a base register for computation of memory
address in 8086 memory addresses are o be calculmed uvsing the contents of the segment
register and effective memaory address . These will be expluned later on . Register CX s also
used as a counter in case of multi-iteration instruction. When the comtent of CX becomes zero
such instruction terminate the execution. DX register 1s also used for memory addressing when
data are ransferred between YO port and memory using certain 1O instruction.
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REGISTER ORGANIZATION OF INTEL 8086

Pointer and Index Register. The following four figures are in the group of pointer and index
register.

1. Stack Pointer, SP
Base pointer , BP

3. Source index Sl

4. Destination Index, DI
The function of SP is same as the function of stack pointer in Intel 8085. BP.SI and DI are used
in memory address computation.

Id
L



Segment Register. There four segment registers in 8086

I.Code Segment Register , CS

2. Data Segment Register , DS

3. Stack Segment Register, S8

4. Extra Segmem Register, ES

In an 8086 microprocessor-based system memaory i1s divided in to  the following four segments:

I Code Segment

2. Data Segment

3. Stack Segment

4. Extra Segment

The code segment of the memory holds instruction code of a program. The data variables and
constant given in the program are held in the data segment of the memory. Stack segment holds
address and data of subroutines. It also holds the contents of register and memory location given
m PUSH instructions. Before attending an interrupt the microprocessor saves the contents of
program counter on the stack. Also when CALL instruction 1s executed , before the execution of
the subroutine the address of the next instruction of the program is saved on the stack. The extra
segment holds the destination address of some data of certain string instruction, and so on.

A segmenl register point to the starting address of a memory segment currently being used. For
example the code segment registers points to the starting address of the data segment, and so on.
T he maximum capacity of a segment may be up o 64kbyte . The starting address of a segment
1s divisible by 16 . The segment shown in the figure 15 currently used segment. There more
number of such segment 10 make the wtal memory capacity | Mbyte.

The B086 instruction specify 16-bit memory address. The actual addresses are of 20 bits. They
are calculated wsing the contents of the segment register and effective memory address. The
effective memory address is computed in a variety of ways. It depends on the such as
PUSH,POP,CALL or RET , The content of the stack pointer(SP) and the content of the stack
segment register(SS) are used 1w complete the stack of the location 10 be accessed. The index
register SI and DI rogether with segmemt register DS and ES are used w perform string
operations. The source addresses for stning operation are computed using the content of SI and



DS . The destination addresses for string operations are computed using the contents of DI and
ES.

Memory segments
Base registers
Starting address
of segments ‘
2000 cs
Code segment
-
Data degment 4000

Bl 8

20000
400000
80000
-
r—n:wu 25
Extra segment L

[ Memory segments |

Instruction pointer (IP).:

The instruction pointer in the 8086 microprocessor act as a program counter, It point 1w the
address of the next instruction 10 be executed. Its content is automatically incremented when the
execution of a program proceeds further. The content of the instruction pointer (IP) and the
content of the code segment register (CS) are used w0 compute the memory address of the
instruction code 1o be fetched. This s done during instruction fetch operation.

Status Register @



The BOR6 contains a 16-bit status register. It also called flag register or program status word
(PSW) . There are 9 status flags that are: over flow flag, Direction flags, Input enable flag, Trap
flag. Carry flag. parity flag. Auxiliary carry flag, zero flag, sign flag. Out of nine flag 6 are
condition flag and three are control flags. These six condition flag are carry, auxiliary carry,
zero, sign and parity and overflow flag. The flag are set/reset by the processor after the execution
of an arithmetic and logic operation. The three control flag are trap (or trace) interrupt and
directional flag. These flags are set/reset by the programmer as the required by certain instruction
in the program. The overflow, trap, interrupt and directional flags are new. Other flags are same
as those available in Intel B8ORS, The overflow flag is set to 1 if the result of a signed operation
become out of range other it is reset it is made 0,
<+— BIT NO.
15 4 13 12 11 10 9 ®& 7 6 5 4 3 2 1 0

KKHKDFDF[FTFSFEFHA.FHFFKCF|.

OF-OVER FLOW FLAG STATUS FLAGS —

DF-DIRECTION FLAG
IF-INTERRUPT ENABLE FLAG
TF-TRAP FLAG

SE-SIGN FLAG

ZF-ZERO FLAG
AF-AUXILIARY CARRY FLAG
PF-PARITY FLAG

CF-CARRY FLAG

[Status Mags of Intel 8086]

When the trap flag (TF) is set to | a program can be run in single-step mode. The interrupt flag
(IF) is set to | to enable INTR of 8086. If it is 0, INTR is disabled. It is set by STI instruction and
declared by CLI instruction. IF is aumtomatically cleared when an interrupt is recogmised. It
disabled ITNTR. IRET used at the end of interrupt service sub routine (IS5) restore IF flag in the

state in the it was before intemmupt occurred.



The directional flag DF is used in string operation It can be set by STD instruction and
cleared by CLD instruction. If it is set w0 1, string bytes are accessed from higher memory
address o lower memory address. When it is set 1o 0 the string bytes are accessed from lower
memaory address to higher memory address. For MOVES instruction, if DF 15 set 10 1, the
content of index register S1 and DI are avtomatically decremented by the processor 1o access the
string from the highest memory address down to the lowest memory address. If DF is made zero,
S1 and DI are automatically incremented to access the sinng starting with the lowest address.

Addressing Modes of Intel 8086

The way by which an operand 15 specify for instruction i1s called addressing mode. Intel
ROR6 has 8 addressing mode.

Regster Addressing

Immedimte Addressing

Direct Addressing

Register Indirect Addressing

Based Addressing

Indexed Addressing

Based Indexed Addressing

Based Indexed with Displacement Addressing

PrEIEIN . 0

e Here the operand is placed in one of the 1 6-bit or 8B-bit general purpose registers.
e  Example- MOV AX.CX (move 16-bit data in base register to accumulator)

IMMEDIATE ADDRESSING

e Here the operand is specified in the instruction itself,
e  Example-MOV AL, 35H (move immediate data 35H to 8-bit register A)

MOV BX.0305H (move 16-bit data)305 o register base.

The remamning 6 addressing mode specify the location of an operand which is placed in memory.
When an operand is stored in memory location, how far the operand’s memory location is within
a memory segment from the starting address of the segment, is called offset or effective address
(EA).



An offset is determined by adding any combination of three address elements: displacement,
base and index.

Displacement:- It is an 8-bit or 16-bit immediate value given in the instruction.

Basg- It is the content of the base register, BX or BP.

Index:- It is the coment of the index register, Sl or DL

The Combination of these three address elements give six memory addressing modes as
described below,

In this mode the operand’s offset is given in the instruction as an B-bit or 16-bit displacement
clement.

Example:- 1.ADD AL.[0301]

The contents of memory 0301 is added to the content of AL .and the result is placed in
AL .

2. ADD |0301),AX

This instruction adds the content of AX 10 the content of memory location 0301 and
0302.

4. BECISTER INDIRECT ADDRESSING

The operand’s offset is placed in any one of the registers BX,BP.S1 or DI as specified
in the instruction.

Example:- MOV AX.|BX]

This instruction moves the content of memory location addressed by the register BX o
the register AX.

For examples, BX contains (0301 .and the content of 0301 1s 53H and the content of next
memory location is 95H. The 9553 will move 1o AX.

The operand’s offset is the sum of an 8-bit or 16-bit displacement and the content
of the base register BX or BP. BX is used as a base register for data segment, and BP is
used as a base register for stack segment.

Offset=|BX +8-buit or 1 6-bit displacement|

e Examples are:-



MOV AL, |BX+05]; an example of an 8-bit displacement.

Suppose the register BX contain 0301 . The offset will be 0301 +05=0306.The content of
the memory location 0306 will move 1o AL.

e MOV AL, [BX+1346H]: an example of 16-bit displacement.
If IBX] =0301.The offset =0301+1346=1647TH
The content of 1647H will move 10 AL.

6. INDEXED ADDRESSING

The operand’s offset is the sum of the contemt of an index register ST or DI and an 8-bit
or 16 bit displacement.

Offset= | S1 or DI+8-bit or 16-bit displacement ]

e Examples are:
MOV AX, [SI+05] ; an example of 8-bit displacement.
MOV  AX, [SI+1528H] : an example of 16-bit displacement.

7. BASED INDEXED ADDRESSING

The operand’s offset is the sum of the content of a base register BX or BP and an index register

Slor DLBX is used as a base register for data segment, and BP is used as a base register for
stack segment.

Offset= |[BX or BP] + [S] or DI

* Examples are:
ADD AX, [BX+SI]
MOV CX, [BX+5]]

S BASED INDEXED WITH DISFLACEMENT

In this mode of addressing the operand’s offset given by

Offset= |[BX or BP] + [S] or DI] + 8-bit or 16-bit displacement

e Examples are:

MOV AX, [BX+S1+05]; an example of 8-bit displacement
MOV AX,[BX+S5l+1235H]; an example of 16-bit displacement.



Dift bet MICROPR R and MICROCONTROLLER

e  Microprocessor contains no RAMROM and no YO port on the chip itself.it is only a
CPU.

e They are commonly refered 1o as general purpose microprocessor.

e The system designer using a general purpose microprocessor such as a Pentium must add
RAM ROM. 1O ports and timer externally to make them fuctional.

MICROCONTROLLER

*  Microcontroller has a cpu(microprocessor) in addition to a fixed amount of
RAM,ROM. YO port and tmer are all on a single chip.
So the designer can’t add any external memory, /o port or timer (o it
The fixed amount of on chip RAM,ROM and the no of /o ports in microcontrollers
make them wleal for any apphcations in which cost and space are critical.
Ex-TV remote control

* These application open required some Vo operation to read signal and turn on/off
certain bits so these processors are called IBP (Iny bitty Processor)

e [n 8051 1 allows to set or reset indivisual pins of Vo ports and status registers (it also
provides bytes addressing so it is called as bit and byie processor.

General Purpose Microprocessor System
cPU
General
purpose
microproce _______________!

550r




CPU Ram Rom

Senal communication
o port Timer port

Disadvantages of the microcontroller is that if the system designer requires more memory
or more no. of vo ports cant add them externally.

Microprocessors and Microcontrollers are widely used in embedded system product .

An embedded product uses a microprocessor or microcontroller to do one task and one
task only.

Ex- a printer is an embedded system in which the processor inside it performs only one
task i.e breaking the data and print it.

In an embedded system there is only one application software that is typically bumed into
run.

Ex-A pcis connected 1o various embedded products such as

keyboard, printer,modem.disk controller.sound card.cd driver etc.

Each of the peripheral has the microcontroller inside it that performs only one task.
Ex-Inside every mouse there is a microcontroller that performs the task of finding the
mouse position and sending it 1o the pe.

Some embedded products used in homes e TV telephones,remote controller.camera etc.

Overview of BOS1 fanuly

In 1981 Intel corporation introduced an8-bit microcontroller called R0OS51.

This muicrocontroller has 120 bytes of RAM 4-Kilobytes of microchip ROM.two numers
Lone serial port and four i/o ports are B-bit wide all on a single chip.

It is an 8- bit processor meaning that the CPU can work pon on only 8 bit of data at a
nme,

Intel refers to 8051 MCS-51

Other members of 8051 family they are 8052 and 8053.

Data larger than the 8-bit has to be broken into 8 bit process 1o be processed by the CPU.
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It has all the standard features of 8051 along with extra 120 bytes of RAM and an extra umer or
8052 has 8 kilobytes of onchip program ROM 256 bytes of RAM.4 Vo ports and 6 timers.

e 5031 microcontroller

This chip refered to as a ROM less BOS1.Since it has 0 kilobytes of onchip ROM.to use this chip
the designer must add an external rom chip.

BOS2 8031
ROM(onchip program space in 4k 8k Ok
bytes)
RAM(bytes) 128 256 128
Timers 2 3 2
Vo pins 32 32 32
Serial ports I I |
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