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BINARY SYSTEMS


Analog Vs Digital



Digital Systems



Binary numbers



Number base conversions



Compliments



Octal and Hexadecimal Numbers



Signed Binary Numbers



Binary codes



Binary Storage and Registers



Binary Logic



Error detecting & error correcting codes



Hamming codes

ANALOG Vs DIGITAL:
To learn and understand about the digital logic design , the initial knowledge we require is to
differentiate between analog and digital. The following are fews that differentiate between
analog and digital.
•

Analog information is made up of a continuum of values within a given range.
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•
•

At its most basic, digital information can assume only one of two possible values:
one/zero, on/off, high/low, true/false, etc.
Digital Information is less susceptible to noise than analog information

•

Exact voltage values are not important, only their class (1 or 0)

•

The complexity of operations is reduced, thus it is easier to implement them with high
accuracy in digital form.

DIGITAL SYSTEMS
Digital means electronic technology that generates, stores, and processes data in terms of two
states: positive and non-positive. Positive is expressed or represented by the number 1 and nonpositive by the number 0.
A „digital system‟ is a data technology that uses discrete (discontinuous) values represented by
high and low states known as bits. By contrast, non-digital (or analog) systems use a continuous
range of values to represent information. Although digital representations are discrete, the
information represented can be either discrete, such as numbers, letters or icons, or continuous,
such as sounds, images, and other measurements of continuous systems.
BINARY
Binary describes a numbering scheme in which there are only two possible values for each digit:
0 and 1. The term also refers to any digital encoding/decoding system in which there are exactly
two possible states. In digital data memory, storage, processing, and communications, the 0 and 1
values are sometimes called "low" and "high," respectively.
BINARY NUMBER/BINARY NUMBER SYSTEM
The binary number system is a numbering system that represents numeric values using two
unique digits (0 and 1). Most of the computing devices use binary numbering to represent
electronic circuit voltage state, (i.e., on/off switch), which considers 0 voltage input as off and 1
input as on.

This is also known as the base-2 number system(The base-2 system is a positional notation with a
radix of 2), or the binary numbering system. Few examples of binary numbers are as follows:
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•

10

•

111

•

10101

•

11110

COMPLIMENTS
Compliments are used in digital computers to simplify the substraction operation and for logical
manipulation. Simplifying operations leads to simpler, less expensive circuits to implement the
operations.
There are 2 types of complements for each base r system.
(1)The radix complement
(2)Diminished radix compliment
Radix compliment: Also refered to as the r‟s compliment.
Diminished radix compliment: Also refered to as (r-1)‟s compliment.
OCTAL NUMBERS
The Octal Number System is another type of computer and digital base number system.
TheOctal Numbering System is very similar in principle to the previous hexadecimal numbering
system except that in Octal, a binary number is divided up into groups of only 3 bits, with each
group or set of bits having a distinct value of between 000 (0) and 111 ( 7 ). Octal numbers
therefore have a range of just “8” digits, (0, 1, 2, 3, 4, 5, 6, 7) making them a Base-8 numbering
system and therefore, q is equal to “8”.
HEXADECIMAL NUMBERING SYSTEM:The one main disadvantage of binary numbers is
that the binary string equivalent of a large decimal base-10 number can be quite long. When
working with large digital systems, such as computers, it is common to find binary numbers
consisting of 8, 16 and even 32 digits which makes it difficult to both read or write without
producing errors especially when working with lots of 16 or 32-bit binary numbers.One common
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way of overcoming this problem is to arrange the binary numbers into groups or sets of four bits
(4-bits). These groups of 4-bits uses another type of numbering system also commonly used in
computer and digital systems called Hexadecimal Numbers
The “Hexadecimal” or simply “Hex” numbering system uses theBase of 16 system and are a
popular choice for representing long binary values because their format is quite compact and
much easier to understand compared to the long binary strings of 1‟s and 0‟s.
Being a Base-16 system, the hexadecimal numbering system therefore uses 16 (sixteen) different
digits with a combination of numbers from 0 through to 15. In other words, there are 16 possible
digit symbols.

Decimal Number

4-bit Binary Number

Hexadecimal Number

0

0000

0

1

0001

1

2

0010

2

3

0011

3

4

0100

4
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5

0101

5

6

0110

6

7

0111

7

8

1000

8

9

1001

9

10

1010

A

11

1011

B

12

1100

C

13

1101

D
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14

1110

E

15

1111

F

16

0001 0000

10 (1+0)

17

0001 0001

11 (1+1)

Continuing upwards in groups of four

SIGNED BINARY NUMBERS
In mathematics, positive numbers (including zero) are represented as unsigned numbers. That is
we do not put the +ve sign in front of them to show that they are positive numbers. However,
when dealing with negative numbers we do use a -ve sign in front of the number to show that the
number is negative in value and different from a positive unsigned value, and the same is true
with signed binary numbers. However, in digital circuits there is no provision made to put a
plus or even a minus sign to a number, since digital systems operate with binary numbers that are
represented in terms of “0‟s” and “1‟s”.
So to represent a positive (N) and a negative (-N) binary number we can use the binary
numbers with sign. For signed binary numbers the most significant bit (MSB) is used as the sign.
If the sign bit is “0”, this means the number is positive. If the sign bit is “1”, then the number is
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negative. The remaining bits are used to represent the magnitude of the binary number in the
usual unsigned binary number format.
Positive Signed Binary Numbers.

Negative Signed Binary Numbers

BINARY CODES
In the coding, when numbers, letters or words are represented by a specific group of symbols, it is
said that the number, letter or word is being encoded. The group of symbols is called as a code.
The digital data is represented, stored and transmitted as group of binary bits. This group is also
called as binary code. The binary code is represented by the number as well as alphanumeric
letter.
Advantages of Binary Code
Following is the list of advantages that binary code offers.


Binary codes are suitable for the computer applications.



Binary codes are suitable for the digital communications.

Page 11



Binary codes make the analysis and designing of digital circuits if we use the binary
codes.



Since only 0 & 1 are being used, implementation becomes easy.

Classification of binary codes
The codes are broadly categorized into following four categories.


Weighted Codes



Non-Weighted Codes



Binary Coded Decimal Code



Alphanumeric Codes



Error Detecting Codes



Error Correcting Codes

Weighted Codes
Weighted binary codes are those binary codes which obey the positional weight principle. Each
position of the number represents a specific weight. Several systems of the codes are used to
express the decimal digits 0 through 9. In these codes each decimal digit is represented by a
group of four bits.

Non-Weighted Codes
In this type of binary codes, the positional weights are not assigned. The examples of nonweighted codes are Excess-3 code and Gray code.
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Excess-3 code
The Excess-3 code is also called as XS-3 code. It is non-weighted code used to express decimal
numbers. The Excess-3 code words are derived from the 8421 BCD code words adding (0011)2
or (3)10 to each code word in 8421. The excess-3 codes are obtained as follows −

Gray Code
It is the non-weighted code and it is not arithmetic codes. That means there are no specific
weights assigned to the bit position. It has a very special feature that, only one bit will change
each time the decimal number is incremented as shown in fig. As only one bit changes at a time,
the gray code is called as a unit distance code. The gray code is a cyclic code. Gray code cannot
be used for arithmetic operation.
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Application of Gray code


Gray code is popularly used in the shaft position encoders.



A shaft position encoder produces a code word which represents the angular position
of the shaft.

Binary Coded Decimal (BCD) code
In this code each decimal digit is represented by a 4-bit binary number. BCD is a way to express
each of the decimal digits with a binary code. In the BCD, with four bits we can represent sixteen
numbers (0000 to 1111). But in BCD code only first ten of these are used (0000 to 1001). The
remaining six code combinations i.e. 1010 to 1111 are invalid in BCD.

Advantages of BCD Codes


It is very similar to decimal system.



We need to remember binary equivalent of decimal numbers 0 to 9 only.
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Disadvantages of BCD Codes


The addition and subtraction of BCD have different rules.



The BCD arithmetic is little more complicated.



BCD needs more number of bits than binary to represent the decimal number. So BCD
is less efficient than binary.

Alphanumeric codes
A binary digit or bit can represent only two symbols as it has only two states '0' or '1'. But this is
not enough for communication between two computers because there we need many more
symbols for communication. These symbols are required to represent 26 alphabets with capital
and small letters, numbers from 0 to 9, punctuation marks and other symbols.
The alphanumeric codes are the codes that represent numbers and alphabetic characters. Mostly
such codes also represent other characters such as symbol and various instructions necessary for
conveying information. An alphanumeric code should at least represent 10 digits and 26 letters of
alphabet i.e. total 36 items. The following three alphanumeric codes are very commonly used for
the data representation.


American Standard Code for Information Interchange (ASCII).



Extended Binary Coded Decimal Interchange Code (EBCDIC).



Five bit Baudot Code.

ASCII code is a 7-bit code whereas EBCDIC is an 8-bit code. ASCII code is more commonly
used worldwide while EBCDIC is used primarily in large IBM computers.
Error Codes
There are binary code techniques available to detect and correct data during data transmission.
NUMBER BASE CONVERSIONS
There are many methods or techniques which can be used to convert code from one format to
another. We'll demonstrate here the following
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Binary to BCD Conversion



BCD to Binary Conversion



BCD to Excess-3



Excess-3 to BCD

Binary to BCD Conversion
Steps


Step 1 -- Convert the binary number to decimal.



Step 2 -- Convert decimal number to BCD.

Example − convert (11101)2 to BCD.
Step 1 − Convert to Decimal
Binary Number − 111012
Calculating Decimal Equivalent −
Step Binary Number

Decimal Number

Step 1

111012

((1 × 24) + (1 × 23) + (1 × 22) + (0 × 21) + (1 × 20))10

Step 2

111012

(16 + 8 + 4 + 0 + 1)10

Step 3

111012

2910

Binary Number − 111012 = Decimal Number − 2910
Step 2 − Convert to BCD
Decimal Number − 2910
Calculating BCD Equivalent. Convert each digit into groups of four binary digits equivalent.
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Step

Decimal Number

Conversion

Step 1

2910

00102 10012

Step 2

2910

00101001BCD

Result
(11101)2 = (00101001)BCD
BCD to Binary Conversion
Steps


Step 1 -- Convert the BCD number to decimal.



Step 2 -- Convert decimal to binary.

Example − convert (00101001)BCD to Binary.
Step 1 - Convert to BCD
BCD Number − (00101001)BCD
Calculating Decimal Equivalent. Convert each four digit into a group and get decimal equivalent
for each group.
Step

BCD Number

Conversion

Step 1

(00101001)BCD

00102 10012

Step 2

(00101001)BCD

210 910
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Step 3

(00101001)BCD

2910

BCD Number − (00101001)BCD = Decimal Number − 2910
Step 2 - Convert to Binary
Used long division method for decimal to binary conversion.
Decimal Number − 2910
Calculating Binary Equivalent −
Step

Operation

Result

Remainder

Step 1

29 / 2

14

1

Step 2

14 / 2

7

0

Step 3

7/2

3

1

Step 4

3/2

1

1

Step 5

1/2

0

1

As mentioned in Steps 2 and 4, the remainders have to be arranged in the reverse order so that the
first remainder becomes the least significant digit (LSD) and the last remainder becomes the most
significant digit (MSD).
Decimal Number − 2910 = Binary Number − 111012
Result
(00101001)BCD = (11101)2
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BCD to Excess-3
Steps


Step 1 -- Convert BCD to decimal.



Step 2 -- Add (3)10 to this decimal number.



Step 3 -- Convert into binary to get excess-3 code.

Example − convert (1001)BCD to Excess-3.
Step 1 − Convert to decimal
(1001)BCD = 910
Step 2 − Add 3 to decimal
(9)10 + (3)10 = (12)10
Step 3 − Convert to Excess-3
(12)10 = (1100)2
Result
(1001)BCD = (1100)XS-3
Excess-3 to BCD Conversion
Steps


Step 1 -- Subtract (0011)2 from each 4 bit of excess-3 digit to obtain the corresponding
BCD code.

Example − convert (10011010)XS-3 to BCD.
Given XS-3 number = 1 0 0 1 1 0 1 0
Subtract (0011)2 = 0 0 1 1 0 0 1 1
-------------------BCD = 0 1 1 0 0 1 1 1
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Result
(10011010)XS-3 = (01100111)BCD

BOOLEAN ALGEBRA AND LOGIC GATES


Basic Definitions



Axiomatic Definition of Boolean Algebra



Basic Theorems and properties of Boolean Algebra



Boolean Functions



Canonical and Standard Forms, Other Logic Operations



Digital Logic Gates



Integrated Circuits

Boolean Algebra: 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 postulates.
A set of elements is anycollection of objects having a common property. If S is a set and x and y
are certain objects, then x Î Sdenotes that x is a member of the set S, and y ÏS denotes that y is not
an element of S. A set with adenumerable number of elements is specified by braces: A =
{1,2,3,4}, i.e. the elements of set A are thenumbers 1, 2, 3, and 4. A binary operator defined on a
set S of elements is a rule that assigns to each pair ofelements from S a unique element from S._
Example: In a*b=c, we say that * is a binary operator if it specifies a rule for finding c from the
pair (a,b)and also if a, b, c Î S.
CLOSURE: The Boolean system is closed 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 S is closed with respect to a binary operator if, for every pair of elements of S, the binary
operator specifies a rule for obtaining a unique element of S.
For example, the set of natural numbers N = {1, 2, 3, 4, … 9} is closed with respect to the binary
operator plus (+) by the rule of arithmetic addition, since for any a, b Î N we obtain a unique c Î N
by the operation a + b = c.
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ASSOCIATIVE LAW:A binary operator * on a set S is said to be associative whenever (x * y) *
z = x * (y * z) for all x, y, z Î S, forall Boolean values x, y and z.
COMMUTATIVE LAW:
A binary operator * on a set S is said to be commutative whenever x * y = y * x for all x, y, z є
IDENTITY ELEMENT:
A set S is said to have an identity element with respect to a binary operation * on S if there exists
an element e є S with the property e * x = x * e = x for every x є S
BASIC IDENTITIES OF BOOLEAN ALGEBRA
Postulate 1 (Definition): A Boolean algebra is a closed algebraic system containing a set K of two
or more elements and the two operators · and + which refer to logical AND and logical OR



x+0=x



x·0=0



x+1=1



x·1=1



x+x=x



x·x=x



x + x’ = x



x · x’ = 0



x+y=y+x
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xy = yx



x+(y+z)=(x+y)+z



x (yz) = (xy) z



x ( y + z ) = xy + xz



x + yz = ( x + y )( x + z)



( x + y )’ = x’ y’



( xy )’ = x’ + y’



(x’)’ = x

DeMorgan's Theorem
(a)

(a + b)' = a'b'

(b)

(ab)' = a' + b'

Generalized DeMorgan's Theorem
(a)

(a + b + … z)' = a'b' … z'

(b)

(a.b … z)' = a' + b' + … z„

AXIOMATIC DEFINITION OF BOOLEAN ALGEBRA:
1. Closure
a. Closure with respect to (wrt) OR (+)
b. Closure with respect to AND (·)
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2. Identity
a. Identity element wrt to OR : 0
b. Identity element wrt to AND : 1
3. Commutative Property
a. Commutative Property wrt to OR : x + y = y + x
b. Commutative Property wrt to AND : x · y = y · x
4. Distributive Property
a. x · (y + z) = (x·y) + (x·z)
b. x + (y·z) = (x + y)(x + z)
5. Existence of Complement
a. x + x‟ = 1
b. x · x‟ = 0

LOGIC GATES
Formal logic: In formal logic, a statement (proposition) is a declarative sentence that is either
true(1) or false (0). It is easier to communicate with computers using formal logic.
•

Boolean variable: Takes only two values – either true (1) or false (0). They are used as basic

units of formal logic.
•

Boolean algebra: Deals with binary variables and logic operations operating on those

variables.
•

Logic diagram: Composed of graphic symbols for logic gates. A simple circuit sketch that

represents inputs and outputs of Boolean functions.

INTEGRATED CIRCUIT
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An integrated circuit or monolithic integrated circuit (also referred to as an IC, a chip, or
a microchip) is a set of electronic circuits on one small plate ("chip") of semiconductor material,
normally silicon. This can be made much smaller than a discrete circuit made from
independent electronic components. ICs can be made very compact, having up to several
billion transistors and other electronic components in an area the size of a human fingernail.
LEVEL OF INTEGRATION
SSI : Small Scale Integration
It has less than 100 components(about 10gates)
MSI: Medium Scale Integration
It contains less than 500 components or have more than 10 but less than 100 gates.
LSI: Large scale integration
Number of components is between 500 and 300000 or have more than 100gates.
VLSI:very large scale integration. process of creating an integrated circuit (IC)
by combining

thousands of transistors into a single

chip

DIGITAL LOGIC FAMILIES
Transistor–transistor logic (TTL) is a class of digital circuits built from bipolar junction
transistors (BJT) and resistors. It is called transistor–transistor logic because both the logic
gating function (e.g., AND) and the amplifying function are performed by transistors (contrast
with resistor–transistor logic (RTL) and diode–transistor logic (DTL).
Emitter coupled logic(ECL)
Emitter-coupled logic (ECL) is the fastest logic circuit family available for conventional logicsystem design.4 High speed is achieved by operating all bipolar transistors out of saturation, thus
avoiding storage-time delays, and by keeping the logic signal swings relatively small (about 0.8
V or less), thus reducing the time required to charge and discharge the various load and parasitic
capacitances
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Complimentary Metal oxide semiconductor(CMOS): Ttechnology for constructing integrated
circuits. CMOS technology is used in microprocessors, microcontrollers, static RAM, and
other digital logic circuits. CMOS technology is also used for several analog circuits such
as image sensors (CMOS sensor), data converters, and highly integrated transceivers for many
types of communication
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UNIT - II
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INTRODUCTION
Minimization of switching functions is to obtain logic circuits with least circuit complexity. This
goal is very difficult since how a minimal function relates to the implementation technology is
important. For example, If we are building a logic circuit that uses discrete logic made of small
scale Integration ICs(SSIs) like 7400 series, in which basic building block are constructed and are
available for use. The goal of minimization would be to reduce the number of ICs and not the
logic gates. For example, If we require two 6 and gates and 5 Or gates,we would require 2 AND
ICs(each has 4 AND gates) and one OR IC. (4 gates). On the other hand if the same logic could
be implemented with only 10 nand gates, we require only 3 ICs. Similarly when we design logic
on Programmable device, we may implement the design with certain number of gates and
remaining gates may not be used. Whatever may be the criteria of minimization we would be
guided by the following:


Boolean algebra helps us simplify expressions and circuits



Karnaugh Map: A graphical technique for simplifying a Boolean expression into either
form: o minimal sum of products (MSP)



minimal product of sums (MPS)



Goal of the simplification.



There are a minimal number of product/sum terms



Each term has a minimal number of literals



Circuit-wise, this leads to a minimal two-level implementation
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K-map Simplification


Imagine a two-variable sum of minterms



x‟y‟ + x‟y



Both of these minterms appear in the top row of a Karnaugh map, which means that
they both contain the literal x‟

A Three-Variable Karnaugh Map

K-maps From Truth Tables
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Reading the MSP from the K-map

Grouping the Minterms Together

K-map Simplification of SoP Expressions
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Unsimplifying Expressions

Four-variable K-maps – f(W,X,Y,Z)
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Simplify m0+m2+m5+m8+m10+m13

Five-variable K-maps – f(V,W,X,Y,Z)
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Simplify f(V,W,X,Y,Z)=Σm(0,1,4,5,6,11,12,14,16,20,22,28,30,31)

PoS Optimization

PoS Optimization from SoP
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SoP Optimization from PoS

Don‟t care

Page 33

UNIT-III
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Combinational Logic


Logic circuits for digital systems may be combinational or sequential.



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

Analysis procedure
To obtain the output Boolean functions from a logic diagram, proceed as follows:
1. Label all gate outputs that are a function of input variables with arbitrary symbols.
Determine the Boolean functions for each gate output.
2. Label the gates that are a function of input variables and previously labeled gates with
other arbitrary symbols. Find the Boolean functions for these gates.
3. Repeat the process outlined in step 2 until the outputs of the circuit are obtained.
4. By repeated substitution of previously defined functions, obtain the output Boolean
functions in terms of input variables.
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Derive truth table from logic diagram
We can derive the truth table by using the above circuit

3.1) Combinational Circuit and Sequential Circuit Criterions
Logic Circuits can be divided into :
1. Combinational Logic Circuit
2. Sequential Logic Circuit

Combinational Logic Circuit
Combinational Logic circuit contains logic gates where its output is determined by the
combination of the current input, regardless of the output or the prior combination of input.
Basically, combinational circuit can be depicted by Diagram 1 below:

n input

Combinational

.

Circuit

m output
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Sequential Logic Circuit
Sequential Logic Circuit contains logic gates arranged in parallel and its output is not only
determined by the combination of the current input, but also the prior output. The circuit also
contains memory elements that enable it to store the information of the prior output. Examples of
sequential circuits in the computer system are like registers, counters and serial adders
Some Examples of Combinational Circuit: Parallel Adder, Decoder, etc
The circuits learnt in chapter 3 are combinational circuits. The steps to design combinational
circuits are as the following:
1. Understand the problem
2. Determine the number of input and output variables that are needed
3. Give symbols for the stated input and output
4. Construct a truth table that defines the relationship between the input and output
5. Obtain the Boolean function or the logical expression from the truth table in (2) using
Karnaugh Map or other known methods.
6. Draw a logic circuit based on the expression obtained from (5) above.

Below are examples of designing combinational circuits that are in the computer system that is
the adder. Because computers use binary system for its data, its adder is based on the addition of
the binary system. There are 2 kinds of addition, which are identified to be half addition and full
addition. Half addition is the addition of 2 bits data (doesn‟t involve carry) that produces 2 bits
output, that is the result and the carrier. Full addition is the addition of 3 bits data (2 bits data and
1 bit carry) that produces 2 bits output (sum and carry). Logic circuit for half addition is known as
Half Adder while the logic circuit for full addition is known as Full Adder.
logic circuits for Half Adder (HA)
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Some Examples of Sequential Circuits: Flip-flop, Register, Serial Adder, etc.
Sequential circuits are a kind of logic circuit where the current output not only depends on the
current input but also on the past history of inputs. Another and generally more useful way to
view it is that the current output of a sequential circuit depends on the current input and the
current state of that circuit. The simplest form of sequential circuit is the flip-flop. Flip-flop is a
kind of logic circuit that is capable of exhibiting 2 stable conditions. It is also known as 1-bit
memory element and is mostly used to make important computer components such as registers,
counters, memory etc. There are a variety of flip-flops, all of which share two properties:
1. The flip-flop is a bistable device either 0 or 1. It exists in one of two states and, in the
absence of input, remains in that state. Thus, the flip-flop can function as a 1-bit memory.
2. The flip-flop has two outputs, which are always the complements of each other.

In synchronous sequential circuit, all flip-flops are moved by the same clock pulse so that all flipflops involved change simultaneously. In asynchronous circuit, the change of flip-flop condition
depends on the change that occurs on the input and the late time that is in the circuit.
S-R Flip-flop
S-R flip-flop has 2 inputs, S (set) and R (reset) like Diagram 3 below. In the diagram below, (also
for JK and D flip-flops), there use another input called clock. It is to control the movement of
input that is input will only occur when given a clock pulse (synchronous circuit)
1. If the value of both S and R are 0, the flip-flop will remain in its present condition (either 0
or 1).
2. If S = 0 and R = 1 (reset), then the flip-flop condition will change to 0 (its output, Q = 0).
3. If S = 1 (set) and R = 0, then the flip-flop condition will change to 1 (output, Q = 1).
4. This circuit does not allow combinational input of input S = 1 and R = 1.

J-K Flip-flop
J-K flip-flop also has 2 inputs, J and K. The function of clock is same as S-R flip-flop. Unlike
S-R flip-flop, J-K flip-flop allows all combination of inputs. The logic circuit for J-K flip-flop
Page 38

is shown in Diagram 2 below. Table 3 shows the features of J-K flip-flop. From the table, it
can be summarized that:
1. If J = 0 and K = 0, it will maintain the flip-flop condition like before
2. If J = 0 and K = 1, it will cause flip-flop to change to condition 0 (reset).
3. If J = 1 and K = 0, it will cause flip-flop to change to condition 1 (set).
4. If J = 1 and K = 1, it will change the flip-flop condition, that is it will become
complementary to the initial or prior condition.

D Flip-flop
Logic circuit for D flip-flop is shown in Diagram 5 below. This flip-flop only has one input that
is D. The clock function is same as S-R and J-K flip-flops. The features of D flip-flop can be
illustrated by Table 2. From the table, it can be seen that this flip-flop produces the same output
as its input regardless of the condition of the stated flip-flop. This feature is very suitable to be
used as memory element and this flip-flop is mostly used to make registers and computer memory
(RAM).
A few examples of Flip-flop (Sequential Circuit) usage
As priory stated, flip-flop is an example of the simplest form of sequential circuit. It is also a
form of memory element where a flip-flop can store 1 bit of data. In this section, examples of
sequential circuits that use flip-flop will be given:
1. Register
2. Adder
Register
Register is an important component in the computer. Generally, it can be categorized into:
Storage Register (or Parallel Register)
Shift Register (or Serial Register)
Parallel register is made up of a set of 1-bit (flip-flop) that can be written on and read
simultaneously. This register is used to store data (output=input). The amount of flip-flop used
depends on the size of the register that is to be built. If a parallel register that can store 8 bits of
data is to be built, then 8 flip-flops are needed. Diagram 6 below is a 2 bit parallel register that
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uses flip-flop D. (Note: all kinds of flip-flop can be used to build storage register, but its circuit
will differ because ever flip-flop has its own features)

Parallel Adder
In the computer environment, there are 2 types of adders:
1. Parallel Adder
2. Serial Adder
Parallel adder is an adder that performs addition concurrently for each bit involved.
MULTIPLEXERS
Multiplexing is the generic term used to describe the operation of sending one or more analogue
or digital signals over a common transmission line at different times or speeds and as such, the
device we use to do just that is called a Multiplexer.
The multiplexer, shortened to “MUX” or “MPX”, is a combinational logic circuit designed to
switch one of several input lines through to a single common output line by the application of a
control signal. Multiplexers operate like very fast acting multiple position rotary switches
connecting or controlling multiple input lines called “channels” one at a time to the output.
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Multiplexers, or MUX‟s, can be either digital circuits made from high speed logic gates used to
switch digital or binary data or they can be analogue types using transistors, MOSFET‟s or relays
to switch one of the voltage or current inputs through to a single output.
DEMULTIPLEXER
The demultiplexer takes one single input data line and then switches it to any one of a number of
individual output lines one at a time. The demultiplexer converts a serial data signal at the input
to a parallel data at its output lines as shown below.

4 Channel Demultiplexer using Logic Gates
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UNIT - IV
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Logic circuits that can store information



Flip-flops, which store a single bit



Registers, which store multiple bits



Shift registers, which shift the contents of a register



Counters of various types

The Basic Latch:


Basic latch is a feedback connection of two NOR gates or two NAND gates



It can store one bit of information

It can be set to 1 using the S input and reset to 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 equal to 0
Its 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 uses the S and R inputs to set the latch to 1 or reset it to 0,
respectively.



Gated D latch uses the D input to force the latch into a state that has the same
logic value as the D input.

Page 43

Gated S/R Latch

Gated D Latch
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Setup and Hold Times



Setup Time tsu
The minimum time that the input signal must be stable prior to the edge of the clock
signal.





Hold Time th
The minimum time that the input signal must be stable after 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 clock signal
We consider two types:
Edge-triggered flip-flop is affected only by the input values present when the active edge
of the clock occurs




Master-slave flip-flop is built with two gated latches
The master stage is active during half of the clock cycle, and the slave stage is active
during the other half.



The output value of the flip-flop changes on the edge of the clock that activates the
transfer into the slave stage.

Master-Slave D Flip-Flop
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A Positive-Edge-Triggered D Flip-Flop

Master-Slave D Flip-Flop with Clear and Preset
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T Flip-Flop

Excitation Tables
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Conversions of flip-flops
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Sequential Circuit Design


Steps in the design process for sequential circuits



State Diagrams and State Tables



Examples



Steps in Design of a Sequential Circuit
1.

Specification – A description of the sequential circuit. Should include a detailing of the
inputs, the outputs, and the operation. Possibly assumes that you have knowledge of
digital system basics.

2.

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

3.

State Assignment: From a state table assign binary codes to the states.

4.

Flip-flop Input Equation Generation: Select the type of flip-flop for the circuit and
generate the needed input for the required state transitions

5.

Output Equation Generation: Derive output logic equations for generation of the output
from the inputs 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,
Inverters, and F/Fs.

8.

Verification: Use a HDL to verify the design.

Generation of a state diagram
Create states and meaning for them.


State A – the last input was a 0 and previous inputs unknown. Can also be the reset state.



State B – the last input was a 1 and the previous input was a 0. The start of a new
sequence possibly.



Capture this in a state diagram
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Capture this in a state diagram

Circles represent the states
Lines and arcs represent the transition between state.
The notation Input/Output on the line or arc specifies the input that causes this transition and the
output for this change of state.

Add a state C – Have detected the input sequence 11 which is

the start of the sequence
Add a state D
State D – have detected the 3rd input in the start of a sequence, a 0, now having 110. From State
D, if the next input is a 1 the sequence has been detected and a 1 is output.

 The previous diagram was incomplete.
 In each state the next input could be a 0 or a 1. This must be included
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The state table.



This can be done directly from the state diagram



Now need to do a state assignment

Select a state assignment



Will select a gray encoding



For this state A will be encoded 00, state B 01, state C 11 and state D 10

Flip-flop input equations


Generate the equations for the flip-flop inputs



Generate the D0 equation
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Generate the D1 equation

The output equation



The next step is to generate the equation for the output Z and what is needed to generate
it.



Create a K-map from the truth table.

Now map to a circuit


The circuit has 2 D type F/Fs
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A Simple Shift Register
Parallel-Access Shift Register
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Benefits of counters


Counters can act as simple clocks to keep track of “time.”



You may need to record how many times something has happened.

– The PC increments once on each clock cycle, and the next program instruction is then executed.
A

Three-Bit Up-Counter


Q1 is connected to clk, Q2 and Q3 are clocked by Q‟ of the preceding stage (hence called
asynchronous or ripple counter

A Three-Bit Down-Counter
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UNIT - V
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RANDOM ACCESS MEMORY
RAM (random access memory) is the place in a computing device where the operating system (OS),
application programs and data in current use are kept so they can be quickly reached by the
device's processor. RAM is much faster to read from and write to than other kinds of storage in a
computer, such as a hard disk drive (HDD), solid-state drive (SSD) or optical drive. Data remains in
RAM as long as the computer is running. When the computer is turned off, RAM loses its data. When
the computer is turned on again, the OS and other files are once again loaded into RAM, usually from
an HDD or SSD.
RAM TYPES
(1) Dynamic random access memory. DRAM is what makes up the typical computing device RAM
and, as noted above, requires constant power to hold on to stored data.
(2) Static random access memory. SRAM doesn't need constant power to hold on to data, but the
way the memory chips are made means they are much larger and thousands of times more expensive
than an equivalent amount of DRAM. However, SRAM is significantly faster than DRAM. The price
and speed differences mean SRAM is mainly used in small amounts as cache memoryinside a device's
processor.
ERROR DETECTION AND CORRECTION
What is Error?
Error is a condition when the output information does not match with the input information. During
transmission, digital signals suffer from noise that can introduce errors in the binary bits travelling
from one system to other.

.
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ERROR-DETECTING CODES
Whenever a message is transmitted, it may get scrambled by noise or data may get corrupted. To
avoid this, we use error-detecting codes which are additional data added to a given digital message to
help us detect if an error occurred during transmission of the message. A simple example of errordetecting code is parity check.
ERROR-CORRECTING CODES
Along with error-detecting code, we can also pass some data to figure out the original message from
the corrupt message that we received. This type of code is called an error-correcting code. Errorcorrecting codes also deploy the same strategy as error-detecting codes but additionally, such codes
also detect the exact location of the corrupt bit. In error-correcting codes, parity check has a simple
way to detect errors along with a sophisticated mechanism to determine the corrupt bit location. Once
the corrupt bit is located, its value is reverted (from 0 to 1 or 1 to 0) to get the original message.
HOW TO DETECT AND CORRECT ERRORS?
To detect and correct the errors, additional bits are added to the data bits at the time of transmission.


The additional bits are called parity bits. They allow detection or correction of the errors.



The data bits along with the parity bits form a code word.

PARITY CHECKING OF ERROR DETECTION
It is the simplest technique for detecting and correcting errors. The MSB of an 8-bits word is used as
the parity bit and the remaining 7 bits are used as data or message bits. The parity of 8-bits transmitted
word can be either even parity or odd parity.

Even parity -- Even parity means the number of 1's in the given word including the parity bit should
be even (2,4,6,....).
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Odd parity -- Odd parity means the number of 1's in the given word including the parity bit should be
odd (1,3,5,....).
Use of Parity Bit
The parity bit can be set to 0 and 1 depending on the type of the parity required.


For even parity, this bit is set to 1 or 0 such that the no. of "1 bits" in the entire word is even.
Shown in fig. (a).



For odd parity, this bit is set to 1 or 0 such that the no. of "1 bits" in the entire word is odd.
Shown in fig. (b).

How Does Error Detection Take Place?
Parity checking at the receiver can detect the presence of an error if the parity of the receiver signal is
different from the expected parity. That means, if it is known that the parity of the transmitted signal is
always going to be "even" and if the received signal has an odd parity, then the receiver can conclude
that the received signal is not correct. If an error is detected, then the receiver will ignore the received
byte and request for retransmission of the same byte to the transmitter.
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READ-ONLY MEMORY
Read-only memory (ROM) is a type of storage medium that permanently stores data on personal
computers (PCs) and other electronic devices. It contains the programming needed to start a PC,
which is essential for boot-up; it performs major input/output tasks and holds programs or software
instructions.
Because ROM is read-only, it cannot be changed; it is permanent and non-volatile, meaning it also
holds its memory even when power is removed. By contrast, random access memory (RAM) is
volatile; it is lost when power is removed.
There are numerous ROM chips located on the motherboard and a few on expansion boards. The chips
are essential for the basic input/output system (BIOS), boot up, reading and writing to peripheral
devices, basic data management and the software for basic processes for certain utilities.

PROGRAMMABLE LOGIC ARRAY
A programmable logic array (PLA) has a programmable AND array at the inputs and programmable
OR array at the outputs. The PLA has a programmable AND array instead of hard-wired AND array.
The number of AND gates in the programmable AND array are usually much less and the number of
inputs of each of the OR gates equal to the number of AND gates. The OR gate generates an arbitrary
Boolean function of minterms equal to the number of AND gates. Figure below shows the PLA
architecture with four input lines, a programmable array of eight AND gates at the input and a
programmable array of two OR gates at the output.
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ADVANTAGES
PLA architecture more efficient than a PROM.
DISADVANTAGE
PLA architecture has two sets of programmable fuses due to which PLA devices are difficult
to manufacture, program and test.
PROGRAMMABLE ARRAY LOGIC
Programmable array logic (PAL) has a programmable AND array at the input and a fixed OR array at
the output. The programmable AND array of a PAL architecture is same as that of the PLA
architecture. The number of programmable AND gates in PAL architecture are smaller than the
number of minterms. The OR array is fixed and the AND outputs are divided between OR gates.
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RTL AND DTL CIRCUITS
Resistor-Transistor Logic (RTL) family
The resistor-transistor logic, also termed as RTL, was most popular kind of logic before the
invention of IC fabrication technologies. As its name suggests, RTL circuits mainly consists of
resistors and transistors that comprises RTL devices. The basic RTL device is a NOR gate,
shown in figure aside. Inputs to the NOR gate shown above are „input1‟ & „input2‟. The inputs
applied at these terminals represent either logic level HIGH (1) or LOW (0). The logic level
LOW is the voltage that drives corresponding transistor in cut-off region, while logic level
HIGH drives it into saturation region. If both the inputs are LOW, then both the transistors are
in cut-off i.e. they are turned-off. Thus, voltage Vcc appears at output I.e. HIGH. If either
transistor or both of them are applied HIGH input, the voltage Vcc drops across Rc and output
is LOW.
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DIODE-TRANSISTOR LOGIC (DTL) FAMILY
The diode-transistor logic, also termed as DTL, replaced RTL family because of greater fan-out
capability and more noise margin. As its name suggests, DTL circuits mainly consists of diodes
and transistors that comprises DTL devices. The basic DTL device is a NAND gate, shown aside.
Three inputs to the gate are applied through three diodes viz. D1, D2 and D3. The diode will
conduct only when corresponding input is LOW. If any of the diode is conducting i.e. when at
least one input is LOW, the voltage at cathode of didoe DA is such that it keeps transistor T in
cut-off and subsequently, output of transistor is HIGH. If all inputs are HIGH, all diodes are
non-conducting, transistor T is in saturation, and its output is LOW.

EMITTER COUPLED LOGIC (ECL) FAMILY

ECL logic family implements the gates in differential amplifier configuration
in which transistors are never driven in the saturation region thereby
improving the speed of circuit to a great extent. The ECL family is fastest of
all logic families.
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The basic gate of ECL family is NOR gate (OR and NOR together) as shown in diagram. The
output1 is OR output while ouput2 is NOR output. Transistor T1 is applied with input and
additional inputs are applied to transistors (T1‟, T1‟‟, . . .) in parallel with T1. Thus transistor(s)
T1 and T2 are connected in differential amplifier configuration. Transistors T3 and T4 are
emitter-followers used for DC level-shifting of output voltages. The positive supply terminal of
the circuit is grounded while negative supply terminal is at negative 5.2V. This is done to
minimize the effect of noise introduced by the power supply and also to protect the gate from
short-circuit that might occur accidently. Both the outputs (HIGH/LOW) for OR and NOR are
negative. Thus, to interface this logic family with other, a translator circuit is needed which
converts negative voltages to compatible positive voltage levels.

COMPARING LOGIC FAMILIES
•

Major parameters for comparing logic families are the propagation delay, the power
dissipation and the speed-power product.

•

The power dissipation of CMOS logic depends heavily upon the operating frequency of the
logic.

TTL-Transistor Transistor Logic
This logic family basic TTL gate has improvement over standard DTL gate. TTL gate has three
different types of output configurations:

• Open collector output
• Totem-pole output
• Three state (or tristate) output
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Totem pole provides less power dissipation, higher speed of operation and high fanout.
ECL-Emitter Coupled Logic
ECL is based on use of current steering switch realised using differential transistor pair.
ECL is fastest logic family among all and this is due to avoidance of saturation region for application.
Following are characteristics of ECL logic family.
• propagation rate is about 1 to 2ns
• Noise immunity and power dissipation is worst of all the logic families.
• High Level is -0.8V and Low Level is -1.8V
• It has differential input amplifier, Internal temperature and voltage compensated bias
network,emitter follower outputs
• ECL gates provide both true as well as complemented outputs.
CMOS-Complementary Metal Oxide Semiconductor
MOS logic families has more delay as compared to transistor logic families.
Following are the typical features of CMOS logic family:
• lowest power dissipation
• Excellent noise immunity
• High packing density
• Wide range of supply voltage
• High speed
• Highest fan out among all logic families
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Specification

TTL

ECL

CMOS

Basic gate

NAND

OR/NOR

NAND/NOR

Fanout

10

25

>50

Power per gate(mWatt)

1-22

4-55

1 @ 1MHz

Noise Immunity

Very Good

Good

Excellent

tPD (ns)

1.5-33

1-4

1-200
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