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UNIT-I 

 

 

Logic gates and circuit 

Gates (OR, AND, NOR, NAND, XOR & XNOR); De Morgan’s laws; Boolean 

laws, Circuit designing 

techniques (SOP, POS, K-Map). 

 

Logic gates are the basic building blocks of any digital system. It is an 

electronic circuit having one or more than one input and only one output. The 

relationship between the input and the output is based on a certain logic. Based 

on this, logic gates are named as AND gate, OR gate, NOT gate etc. 

AND Gate 

A circuit which performs an AND operation is shown in figure. It has n input 

(n >= 2) and one output. 

 

Logic diagram 

 

Truth Table 

 

OR Gate 

A circuit which performs an OR operation is shown in figure. It has n input (n 

>= 2) and one output. 



 

Logic diagram 

 

Truth Table 

 

NOT Gate 

NOT gate is also known as Inverter. It has one input A and one output Y. 

 

Logic diagram 

 

Truth Table 

 

NAND Gate 

A NOT-AND operation is known as NAND operation. It has n input (n >= 2) 

and one output. 



 

Logic diagram 

 

Truth Table 

 

NOR Gate 

A NOT-OR operation is known as NOR operation. It has n input (n >= 2) and 

one output. 

 

Logic diagram 

 

Truth Table 

 



XOR Gate 

XOR or Ex-OR gate is a special type of gate. It can be used in the half adder, 

full adder and subtractor. The exclusive-OR gate is abbreviated as EX-OR gate 

or sometime as X-OR gate. It has n input (n >= 2) and one output. 

 

Logic diagram 

 

Truth Table 

 

XNOR Gate 

XNOR gate is a special type of gate. It can be used in the half adder, full adder 

and subtractor. The exclusive-NOR gate is abbreviated as EX-NOR gate or 

sometime as X-NOR gate. It has n input (n >= 2) and one output. 

 

Logic diagram 

 

Truth Table 



 

 

 

De Morgan's Theorems 

 

 

De Morgan has suggested two theorems which are extremely useful in Boolean 

Algebra. The two theorems are discussed below. 

Theorem 1 

 

 The left hand side (LHS) of this theorem represents a NAND gate with 

inputs A and B, whereas the right hand side (RHS) of the theorem 

represents an OR gate with inverted inputs. 



 This OR gate is called as Bubbled OR.

 

Table showing verification of the De Morgan's first theorem − 

 

Theorem 2 

 

 The LHS of this theorem represents a NOR gate with inputs A and B, 

whereas the RHS represents an AND gate with inverted inputs. 

 This AND gate is called as Bubbled AND. 



 

Table showing verification of the De Morgan's second theorem − 

 

 

BOOLEAN LAWS 

Boolean Algebra is used to analyze and simplify the digital (logic) circuits. It 

uses only the binary numbers i.e. 0 and 1. It is also called as Binary 

Algebra or logical Algebra. Boolean algebra was invented by George 

Boole in 1854. 

Rule in Boolean Algebra 

Following are the important rules used in Boolean algebra. 

 Variable used can have only two values. Binary 1 for HIGH and Binary 0 

for LOW. 

 Complement of a variable is represented by an overbar (-). Thus, 

complement of variable B is represented as . Thus if B = 0 then  = 1 

and B = 1 then  = 0. 



 ORing of the variables is represented by a plus (+) sign between them. 

For example ORing of A, B, C is represented as A + B + C. 

 Logical ANDing of the two or more variable is represented by writing a 

dot between them such as A.B.C. Sometime the dot may be omitted like 

ABC. 

Boolean Laws 

There are six types of Boolean Laws. 

Commutative law 

Any binary operation which satisfies the following expression is referred to as 

commutative operation. 

 

Commutative law states that changing the sequence of the variables does not 

have any effect on the output of a logic circuit. 

Associative law 

This law states that the order in which the logic operations are performed is 

irrelevant as their effect is the same. 

 

Distributive law 

Distributive law states the following condition. 

 

AND law 

These laws use the AND operation. Therefore they are called as AND laws. 

 

OR law 

These laws use the OR operation. Therefore they are called as OR laws. 

 



INVERSION law 

This law uses the NOT operation. The inversion law states that double 

inversion of a variable results in the original variable itself. 

 

 

 

 

Circuit designing techniques (SOP, POS, K-Map) :- 

 

 

Boolean Function Representation 

The use of switching devices like transistors give rise to a special case of the 

Boolean algebra called as switching algebra. In switching algebra, all the 

variables assume one of the two values which are 0 and 1. 

In Boolean algebra, 0 is used to represent the ‘open’ state or ‘false’ state of 

logic gate. Similarly, 1 is used to represent the ‘closed’ state or ‘true’ state of 

logic gate. 

A Boolean expression is an expression which consists of variables, constants (0-

false and 1-true) and logical operators which results in true or false. 

A Boolean function is an algebraic form of Boolean expression. A Boolean 

function of n-variables is represented by f(x1, x2, x3….xn). By using Boolean 

laws and theorems, we can simplify the Boolean functions of digital circuits. A 

brief note of different ways of representing a Boolean function is shown below. 

 Sum-of-Products (SOP) Form 

 Product-of-sums (POS) form 

 Canonical forms 

There are two types of canonical forms: 

 Sum-of-min terms or Canonical SOP 

 Product-of- max terms or Canonical POS 



Boolean functions can be represented by using NAND gates and also by using 

K-map (Karnaugh map) method. We can standardize the Boolean expressions 

by using by two standard forms. 

SOP form – Sum Of Products form 

POS form – Product Of Sums form 

Standardization of Boolean equations will make the implementation, evolution 

and simplification easier and more systematic. 

Sum of Product (SOP) Form 

The sum-of-products (SOP) form is a method (or form) of simplifying the 

Boolean expressions of logic gates. In this SOP form of Boolean function 

representation, the variables are operated by AND (product) to form a product 

term and all these product terms are ORed (summed or added) together to get 

the final function. 

A sum-of-products form can be formed by adding (or summing) two or more 

product terms using a Boolean addition operation. Here the product terms are 

defined by using the AND operation and the sum term is defined by using OR 

operation. 

The sum-of-products form is also called as Disjunctive Normal Form as the 

product terms are ORed together and Disjunction operation is logical OR. Sum-

of-products form is also called as Standard SOP. 

SOP form representation is most suitable to use them in FPGA (Field 

Programmable Gate Arrays). 

Examples 

AB + ABC + CDE 

(AB) ̅ + ABC + CD E ̅ 

SOP form can be obtained by 

 Writing an AND term for each input combination, which produces HIGH 

output. 



 Writing the input variables if the value is 1, and write the complement of 

the variable if its value is 0. 

 OR the AND terms to obtain the output function. 

Ex: Boolean expression for majority function F = A’BC + AB’C + ABC ‘ + 

ABC 

Truth table: 

 

Now write the input variables combination with high output. F = AB + BC + 

AC. 

Checking 

By Idempotence law, we know that 

([ABC + ABC)] + ABC) = (ABC + ABC) = ABC 

Now the function F = A’BC + AB’C + ABC ‘ + ABC 

= A’BC + AB’C + ABC’ + ([ABC + ABC)] + ABC) 

= (ABC + ABC ‘) + (ABC + AB’C) + (ABC + A’BC) 

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

= AB + BC + AC. 

Product of Sums (POS) Form 

http://www.electronicshub.org/wp-content/uploads/2015/08/table2.jpg


The product of sums form is a method (or form) of simplifying the Boolean 

expressions of logic gates. In this POS form, all the variables are ORed, i.e. 

written as sums to form sum terms. 

All these sum terms are ANDed (multiplied) together to get the product-of-sum 

form. This form is exactly opposite to the SOP form. So this can also be said as 

“Dual of SOP form”. 

Here the sum terms are defined by using the OR operation and the product term 

is defined by using AND operation. When two or more sum terms are 

multiplied by a Boolean OR operation, the resultant output expression will be in 

the form of product-of-sums form or POS form. 

The product-of-sums form is also called as Conjunctive Normal Form as the 

sum terms are ANDed together and Conjunction operation is logical AND. 

Product-of-sums form is also called as Standard POS. 

Examples 

(A+B) * (A + B + C) * (C +D) 

(A+B) ̅ * (C + D + E ̅) 

POS form can be obtained by 

 Writing an OR term for each input combination, which produces LOW 

output. 

 Writing the input variables if the value is 0, and write the complement of 

the variable if its value is 1. 

 AND the OR terms to obtain the output function. 

Ex: Boolean expression for majority function F = (A + B + C) (A + B + C ‘) (A 

+ B’ + C) (A’ + B + C) 



 

Now write the input variables combination with high output. F = AB + BC + 

AC. 

Checking 

By Idempotence law, we know that 

[(A + B + C) (A + B + C)] (A + B + C) = [(A + B + C)] (A + B + C) = (A + B + 

C) 

Now the function 

F = (A + B) (B + C) (A + C) 

= (A + B + C) (A + B + C ‘) (A + B’ + C) (A’ + B + C) 

= [(A + B + C) (A + B + C)] (A + B + C) (A + B + C ‘) (A + B’ + C) (A’ + B + 

C) 

= [(A + B + C) (A + B + C ‘)] [(A + B + C) (A’ + B + C)] [(A + B + C) (A + B’ 
+ C)] 

= [(A + B) + (C * C ‘)] [(B + C) + (A * A’)] [(A + C) + (B * B’)] 

= [(A + B) + 0] [(B + C) + 0] [(A + C) + 0] = (A + B) (B + C) (A + C) 

Canonical Form (Standard SOP and POS Form) 

http://www.electronicshub.org/wp-content/uploads/2015/08/EX.jpg


Any Boolean function that is expressed as a sum of minterms or as a product of 

max terms is said to be in its “canonical form”. 

It mainly involves in two Boolean terms, “minterms” and “maxterms”. 

When the SOP form of a Boolean expression is in canonical form, then each of 

its product term is called ‘minterm’. So, the canonical form of sum of products 

function is also known as “minterm canonical form” or Sum-of-minterms or 

standard canonical SOP form. 

Similarly, when the POS form of a Boolean expression is in canonical form, 

then each of its sum term is called ‘maxterm’. So, the canonical form of product 

of sums function is also known as “maxterm canonical form or Product-of sum 

or standard canonical POS form”. 

Min terms 

A minterm is defined as the product term of n variables, in which each of the n 

variables will appear once either in its complemented or un-complemented 

form. The min term is denoted as mi where i is in the range of 0 ≤ i < 2ⁿ. 

A variable is in complemented form, if its value is assigned to 0, and the 

variable is un-complimented form, if its value is assigned to 1. 

For a 2-variable (x and y) Boolean function, the possible minterms are: 

x’y’, x’y, xy’ and xy. 

For a 3-variable (x, y and z) Boolean function, the possible minterms are: 

x’y’z’, x’y’z, x’yz’, x’yz, xy’z’, xy’z, xyz’ and xyz. 

 1 – Minterms = minterms for which the function F = 1. 

 0 – Minterms = minterms for which the function F = 0. 

Any Boolean function can be expressed as the sum (OR) of its 1- min terms. 

The representation of the equation will be 

 F(list of variables) = Σ(list of 1-min term indices) 

Ex: F (x, y, z) = Σ (3, 5, 6, 7) 



The inverse of the function can be expressed as a sum (OR) of its 0- min terms. 

The representation of the equation will be 

 F(list of variables) = Σ(list of 0-min term indices) 

Ex: F’ (x, y, z) = Σ (0,1, 2, 4) 

Examples of canonical form of sum of products expressions (min term 

canonical form): 

i) Z = XY + XZ′ 

ii) F = XYZ′ + X′YZ + X′YZ′ + XY′Z + XYZ 

In standard SOP form, the maximum possible product terms for n number of 

variables are given by 2ⁿ. So, for 2 variable equations, the product terms are 22 

= 4. Similarly, for 3 variable equations, the product terms are 23 = 8. 

Max terms 

A max term is defined as the product of n variables, within the range of 0 ≤ i < 
2ⁿ. The max term is denoted as Mi. In max term, each variable is complimented, 

if its value is assigned to 1, and each variable is un-complimented if its value is 

assigned to 0. 

For a 2-variable (x and y) Boolean function, the possible max terms are: 

x + y, x + y’, x’ + y and x’ + y’. 

For a 3-variable (x, y and z) Boolean function, the possible maxterms are: 

x + y + z, x + y + z’, x + y’ + z, x + y’ + z’, x’ + y + z, x’ + y + z’, x’ + y’ + z 

and x’ + y’ + z’. 

 1 – Max terms = max terms for which the function F = 1. 

 0 – max terms = max terms for which the function F = 0. 

Any Boolean function can be expressed the product (AND) of its 0 – max 

terms. The representation of the equation will be 

 F(list of variables) = Π (list of 0-max term indices) 



Ex: F (x, y, z) = Π (0, 1, 2, 4) 

The inverse of the function can be expressed as a product (AND) of its 1 – max 

terms. The representation of the equation will be 

 F(list of variables) = Π (list of 1-max term indices) 

Ex: F’ (x, y, z) = Π (3, 5, 6, 7) 

Examples of canonical form of product of sums expressions (max term 

canonical form): 

i. Z = (X + Y) (X + Y′) 

ii. F = (X′ + Y + Z′) (X′ + Y + Z) (X′ + Y′ + Z′) 

In standard POS form, the maximum possible sum terms for n number of 

variables are given by 2ⁿ. So, for 2 variable equations, the sum terms are 22 = 4. 
Similarly, for 3 variable equations, the sum terms are 23 = 8. 

Table for 2n min terms and 2n max terms 

The below table will make you understand about the representation of the mean 

terms and max terms of 3 variables. 

 

Conversions of Canonical Forms 

http://www.electronicshub.org/wp-content/uploads/2015/08/Table-for-2n-min-terms-and-amx-terms.jpg


We can represent the one canonical formed equation in other canonical form i.e. 

we can represent the SOP form of equation in POS form and POS form equation 

in SOP form. To convert the canonical equations, we interchange the Σ and Π 
symbols after listing out the index numbers of the equations, which are 

excluded from the original form of equation. 

The important thing to remember about Boolean functions is that, the SOP and 

POS forms are Duals to each other. There are 2 steps to follow to convert the 

canonical form of the equations. They are 

Step 1: Interchanging the operational symbols, Σ and Π in the equation. 

Step 2: Use the De Morgan’s principle of Duality to the index numbers of the 

Boolean function or writing the indexes of the terms that are not presented in 

the given form of equation. 

Conversion of SOP form to POS form 

To convert the SOP form into POS form, first we should change the Σ to Π and 
then write the numeric indexes of missing variables of the given Boolean 

function. 

Example: 

The SOP function 

F = ∑ A, B, C (0, 2, 3, 5, 7) = A’ B’ C’ + A B’ C’ + A B’ C + ABC’ + ABC  is 

written in POS form by 

Step 1: changing the operational sign to Π 

Step 2: writing the missing indexes of the terms, 001, 100 and 110. Now write 

the sum form for these noted terms. 

001 = (A + B + C) 100 = (A + B’ + C’) 110 = (A + B’ + C’) 

Writing down the new equation in the form of POS form, 

F = Π A, B, C (1, 4, 6) = (A + B + C) * (A + B’ + C’) * (A + B’ + C’) 

Conversion of POS form to SOP form 



To convert the POS form into SOP form, first we should change the Π to Σ and 
then write the numeric indexes of missing variables of the given Boolean 

function. 

Ex: The POS function F = Π A, B, C (2, 3, 5) = A B’ C’ + A B’ C + ABC’ is 

written in SOP form by 

Step 1: changing the operational sign to Σ 

Step 2: writing the missing indexes of the terms, 000, 001, 100, 110, and 111. 

Now write the product form for these noted terms. 

000 = A’ * B’ * C’ 001 = A’ * B’ * C 100 = A * B’ * C’ 

110 = A * B* C’ 111 = A * B * C 

Writing down the new equation in the form of SOP form, 

F = Σ A, B, C (0, 1, 4, 6, 7) = (A’ * B’ * C’) + (A’ * B’ * C) + (A * B’ * C’) + 

(A * B* C’) + (A * B * C) 

Conversion of SOP form to standard SOP form or Canonical SOP form 

We can include all the variables in each product term of the SOP form equation, 

which doesn’t have all the variables by converting into standard SOP form. The 

normal SOP form function can be converted to standard SOP form by using the 

Boolean algebraic law, (A + A’ = 1) and by following the below steps. 

Step 1: 

By multiplying each non-standard product term with the sum of its missing 

variable and its complement, which results in 2 product terms 

Step 2: 

By repeating the step 1, until all resulting product terms contain all variables 

By these two steps we can convert the SOP function into standard SOP 

function. In this process, for each missing variable in the function, the number 

of product terms will double. 



Example: 

Convert the non standard SOP function F = x y + x z + y z 

Sol: 

F = x y + x z + y z 

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

= x y z + x y z’ + x y z + x y’ z + x y z + x’ y z 

= x y z + x y z’ + x y’ z + x’ y z 

The standard SOP form is F = x y z + x y z’ + x y’ z + x’ y z 

Conversion of POS form to standard POS form or Canonical POS form 

We can include all the variables in each product term of the POS form equation, 

which doesn’t have all the variables by converting into standard POS form. The 

normal POS form function can be converted to standard POS form by using the 

Boolean algebraic law, (A * A’ = 0) and by following the below steps. 

Step 1: 

By adding each non-standard sum term to the product of its missing variable 

and its complement, which results in 2 sum terms 

Step 2: 

Applying Boolean algebraic law, A + BC = (A + B) * (A + C) 

Step 3: 

By repeating the step 1, until all resulting sum terms contain all variables 

By these three steps we can convert the POS function into standard POS 

function. 

Example: 



F = (A’ + B + C) * (B’ + C + D’) * (A + B’ + C’ + D) 

In the first term, the variable D or D’ is missing, so we add D*D’ = 1 to it. Then 

(A’ + B + C + D*D’) = (A’ + B + C + D) * (A’ + B + C + D’) 

Similarly, in the second term, the variable A or A’ is missing, so we add A*A’ 
= 1 to it. Then 

(B’ + C + D’ + A*A’) = (A + B’ + C + D’) * (A’ + B’ + C + D’) 

The third term is already in the standard form, as it has all the variables. Now 

the standard POS form equation of the function is 

F = (A’ + B + C + D) * (A’ + B + C + D’) * (A + B’ + C + D’) * (A’ + B’ + C + 

D’) * (A + B’ + C’ + D) 

 

 

 

Karnaugh Maps 

The Karnaugh map (K–map), introduced by Maurice Karnaughin in 1953, is a 

grid-like representation of a truth table which is used to simplify boolean 

algebra expressions. A Karnaugh map has zero and one entries at different 

positions. It provides grouping together Boolean expressions with common 

factors and eliminates unwanted variables from the expression. In a K-map, 

crossing a vertical or horizontal cell boundary is always a change of only one 

variable. 

Example 1 

An arbitrary truth table is taken below − 

A B A operation B 

0 0 w 

0 1 x 



1 0 y 

1 1 z 

Now we will make a k-map for the above truth table − 

 

Example 2 

Now we will make a K-map for the expression − AB+ A’B’ 

 

Simplification Using K-map 

K-map uses some rules for the simplification of Boolean expressions by 

combining together adjacent cells into single term. The rules are described 

below − 

Rule 1 − Any cell containing a zero cannot be grouped. 

 



Wrong grouping 

Rule 2 − Groups must contain 2n cells (n starting from 1). 

 

Wrong grouping 

Rule 3 − Grouping must be horizontal or vertical, but must not be diagonal. 

 

Wrong diagonal grouping 

 

Proper vertical grouping 



 

Proper horizontal grouping 

Rule 4 − Groups must be covered as largely as possible. 

 

Insufficient grouping 

 

Proper grouping 

Rule 5 − If 1 of any cell cannot be grouped with any other cell, it will act as a 

group itself. 



 

Proper grouping 

Rule 6 − Groups may overlap but there should be as few groups as possible. 

 

Proper grouping 

Rule 7 − The leftmost cell/cells can be grouped with the rightmost cell/cells 
and the topmost cell/cells can be grouped with the bottommost cell/cells. 

 

Proper grouping 

Problem 

Minimize the following Boolean expression using K-map − 

F(A,B,C)=A′BC+A′BC′+AB′C′+AB′CF(A,B,C)=A′BC+A′BC′+AB′C′+AB′C 

Solution 



Each term is put into k-map and we get the following − 

 

K-map for F (A, B, C) 

Now we will group the cells of 1 according to the rules stated above − 

 

K-map for F (A, B, C) 

We have got two groups which are termed as A′BA′B and AB′AB′. 
Hence, F(A,B,C)=A′B+AB′=A⊕BF(A,B,C)=A′B+AB′=A⊕B. It is the 

minimized form. 

 

 

PRACTICE QUESTION 

1)What are logic Gates? Explain all with their truth table. 

2)Define Boolean law. 

3)Define Demorgan’s Law. 

4)What are Karnaugh Map? 

 

 

 



 

 

 

UNIT-II 

Combinational Building Blocks 

Multiplexors; Decoder; Encoder; Adder and Subtractor. 

 

Combinational Circuits 

 

Combinational circuit is a circuit in which we combine the different gates in 

the circuit, for example encoder, decoder, multiplexer and demultiplexer. Some 

of the characteristics of combinational circuits are following − 

 The output of combinational circuit at any instant of time, depends only 

on the levels present at input terminals. 

 The combinational circuit do not use any memory. The previous state of 

input does not have any effect on the present state of the circuit. 

 A combinational circuit can have an n number of inputs and m number of 

outputs. 

Block diagram 

 

We're going to elaborate few important combinational circuits as follows. 

 

Multiplexers 

Multiplexer is a special type of combinational circuit. There are n-data inputs, 

one output and m select inputs with 2m = n. It is a digital circuit which selects 

one of the n data inputs and routes it to the output. The selection of one of the n 



inputs is done by the selected inputs. Depending on the digital code applied at 

the selected inputs, one out of n data sources is selected and transmitted to the 

single output Y. E is called the strobe or enable input which is useful for the 

cascading. It is generally an active low terminal that means it will perform the 

required operation when it is low. 

Block diagram 

 

Multiplexers come in multiple variations 

 2 : 1 multiplexer 

 4 : 1 multiplexer 

 16 : 1 multiplexer 

 32 : 1 multiplexer 

Block Diagram 

 



Truth Table 

 

 

Decoder 

A decoder is a combinational circuit. It has n input and to a maximum m = 2n 

outputs. Decoder is identical to a demultiplexer without any data input. It 

performs operations which are exactly opposite to those of an encoder. 

Block diagram 

 

Examples of Decoders are following. 

 Code converters 

 BCD to seven segment decoders 

 Nixie tube decoders 

 Relay actuator 

2 to 4 Line Decoder 

The block diagram of 2 to 4 line decoder is shown in the fig. A and B are the 

two inputs where D through D are the four outputs. Truth table explains the 

operations of a decoder. It shows that each output is 1 for only a specific 

combination of inputs. 

Block diagram 



 

Truth Table 

 

 

 

Encoder 

Encoder is a combinational circuit which is designed to perform the inverse 

operation of the decoder. An encoder has n number of input lines and m 

number of output lines. An encoder produces an m bit binary code 

corresponding to the digital input number. The encoder accepts an n input 

digital word and converts it into an m bit another digital word. 

Block diagram 

 

Examples of Encoders are following. 



 Priority encoders 

 Decimal to BCD encoder 

 Octal to binary encoder 

 Hexadecimal to binary encoder 

 

 

 

Half Adder 

Half adder is a combinational logic circuit with two inputs and two outputs. 

The half adder circuit is designed to add two single bit binary number A and B. 

It is the basic building block for addition of two single bit numbers. This 

circuit has two outputs carry and sum. 

Block diagram 

 

Truth Table 

 

Circuit Diagram 



 

Full Adder 

Full adder is developed to overcome the drawback of Half Adder circuit. It can 

add two one-bit numbers A and B, and carry c. The full adder is a three input 

and two output combinational circuit. 

Block diagram 

 

Truth Table 

 

Circuit Diagram 



 

 

 

Half Subtractors 

Half subtractor is a combination circuit with two inputs and two outputs 

(difference and borrow). It produces the difference between the two binary bits 

at the input and also produces an output (Borrow) to indicate if a 1 has been 

borrowed. In the subtraction (A-B), A is called as Minuend bit and B is called 

as Subtrahend bit. 

Truth Table 

 

Circuit Diagram 

 



Full Subtractors 

The disadvantage of a half subtractor is overcome by full subtractor. The full 

subtractor is a combinational circuit with three inputs A,B,C and two output D 

and C'. A is the 'minuend', B is 'subtrahend', C is the 'borrow' produced by the 

previous stage, D is the difference output and C' is the borrow output. 

Truth Table 

 

Circuit Diagram 

 

 

 

 



PRACTICE QUESTION 

1)Define 4:1 multiplexer with their truth table. 

2)Explain Encoder. 

3)Define priority Encoder. 

4)Explain Half Adder. 

5) Explain the device which is used for substracting two bits(Half Substractor). 

6)Explain Decoder. 

 

 

 

 

UNIT-III 

 

Memories 

ROMs, PROMs, EPROMs, RAMs, Hard Disk, Floppy Disk and CD-ROM. 

 

Read Only Memory 

ROM stands for Read Only Memory. The memory from which we can only 

read but cannot write on it. This type of memory is non-volatile. The 

information is stored permanently in such memories during manufacture. A 

ROM, stores such instructions that are required to start a computer. This 

operation is referred to as bootstrap. ROM chips are not only used in the 

computer but also in other electronic items like washing machine and 

microwave oven. 

PROM (Programmable Read only Memory) 

PROM is read-only memory that can be modified only once by a user. The user 

buys a blank PROM and enters the desired contents using a PROM program. 

Inside the PROM chip there are small fuses which are burnt open during 

programming. It can be programmed only once and is not erasable. 

EPROM(Erasable and Programmable Read Only Memory) 

The EPROM can be erased by exposing it to ultra-violet light for a duration of 

up to 40 minutes. Usually, an EPROM eraser achieves this function. During 

programming, an electrical charge is trapped in an insulated gate region. The 



charge is retained for more than ten years because the charge has no leakage 

path. For erasing this charge, ultra-violet light is passed through a quartz 

crystal window(lid). This exposure to ultra-violet light dissipates the charge. 

During normal use the quartz lid is sealed with a sticker. 

EEPROM(Electrically Erasable and Programmable Read Only Memory) 

The EEPROM is programmed and erased electrically. It can be erased and 

reprogrammed about ten thousand times. Both erasing and programming take 

about 4 to 10 ms (milli second). In EEPROM, any location can be selectively 

erased and programmed. EEPROMs can be erased one byte at a time, rather 

than erasing the entire chip. Hence, the process of re-programming is flexible 

but slow. 

Advantages of ROM 

The advantages of ROM are as follows: 

 Non-volatile in nature 

 These cannot be accidentally changed 

 Cheaper than RAMs 

 Easy to test 

 More reliable than RAMs 

 These are static and do not require refreshing 

 Its contents are always known and can be verified 

 

 

Random Access Memory 

 

RAM(Random Access Memory) is the internal memory of the CPU for storing 

data, program and program result. It is read/write memory which stores data 

until the machine is working. As soon as the machine is switched off, data is 

erased. 

Access time in RAM is independent of the address that is, each storage location 

inside the memory is as easy to reach as other locations and takes the same 

amount of time. Data in the RAM can be accessed randomly but it is very 

expensive. 



RAM is volatile, i.e. data stored in it is lost when we switch off the computer 

or if there is a power failure. Hence a backup uninterruptible power 

system(UPS) is often used with computers. RAM is small, both in terms of its 

physical size and in the amount of data it can hold. 

RAM is of two types 

 Static RAM (SRAM) 

 Dynamic RAM (DRAM) 

 

Static RAM (SRAM) 

The word static indicates that the memory retains its contents as long as power 

is being supplied. However, data is lost when the power gets down due to 

volatile nature. SRAM chips use a matrix of 6-transistors and no capacitors. 

Transistors do not require power to prevent leakage, so SRAM need not have 

to be refreshed on a regular basis. 

Because of the extra space in the matrix, SRAM uses more chips than DRAM 

for the same amount of storage space, thus making the manufacturing costs 

higher. So SRAM is used as cache memory and has very fast access. 

Characteristic of the Static RAM 

 It has long life 

 There is no need to refresh 

 Faster 

 Used as cache memory 

 Large size 

 Expensive 

 High power consumption 

Dynamic RAM (DRAM) 

DRAM, unlike SRAM, must be continually refreshed in order to maintain the 

data. This is done by placing the memory on a refresh circuit that rewrites the 

data several hundred times per second. DRAM is used for most system 

memory because it is cheap and small. All DRAMs are made up of memory 

cells which are composed of one capacitor and one transistor. 



Characteristics of the Dynamic RAM 

 It has short data lifetime 

 Need to be refreshed continuously 

 Slower as compared to SRAM 

 Used as RAM 

 Lesser in size 

 Less expensive 

 Less power consumption 

 

hard disk 
 

A hard disk is part of a unit, often called a "disk drive," "hard drive," or "hard 

disk drive," that stores and provides relatively quick access to large amounts of 

data on an electromagnetically charged surface or set of surfaces. Today's 

computers typically come with a hard disk that contains several 

billion bytes (gigabytes) of storage. 

A hard disk is really a set of stacked "disks," each of which, like phonograph 

records, has data recorded electromagnetically in concentric circles or "tracks" 

on the disk. A "head" (something like a phonograph arm but in a relatively fixed 

position) records (writes) or reads the information on the tracks. Two heads, one 

on each side of a disk, read or write the data as the disk spins. Each read or 

write operation requires that data be located, which is an operation called a 

"seek." (Data already in a disk cache, however, will be located more quickly.) A 

hard disk/drive unit comes with a set rotation speed varying from 4500 to 7200 

rpm. Disk access time is measured in milliseconds. Although the physical 

location can be identified with cylinder, track, and sector locations, these are 

actually mapped to a logical block address (LBA) that works with the larger 

address range on today's hard disks. 

 

Floppy disk 

Alternatively referred to as a floppy or floppy disk, a floppy diskette was first 

created in 1967 by IBM as an alternative to buying hard drives that were 

extremely expensive at the time. 



The picture shown on this page is an example of a 3.5" floppy diskette, which 

was the last and one of the most commonly used floppy diskettes capable of 

storing 1.44MB. 

How were floppy disks used? 

Early computers did not have CD-ROM drives or USB, and floppy disks were 

the only way to install a new program onto a computer or backup your 

information. If the program was small (less than 1.44MB for the 3.5" floppy 

disk) the program could be installed from one floppy disk. However, since most 

programs were larger than 1.44MB most programs required multiple floppy 

diskettes. For example, the diskette version of Windows 95 came on 

13 DMF diskettes and had to be installed one disk at a time. 

Are floppy diskettes still used today? 

There are still a few diehards who are still using floppy diskettes, some 

governments still even use 8" floppy diskettes. However, since the early 2000s 

computers began no longer shipping with floppy disk drives as users moved 

to CD-R and Zip drives to store their information. All of the latest versions of 

Microsoft Windows also no longer have support for floppy drives. 

How does a floppy disk store data? 

A floppy disk is a magnetic media and stores and reads data on the floppy disk 

using a read head. With a 3.5" floppy diskette when it is inserted into the drive 

the metal slide door is opened and exposes the magnetic disk within the floppy 

diskette. The read/write head uses a magnetic polarity of 0 or 1. Reading this 

as binary data, the computer can understand what the data is on the platter. For 

the computer to write information to the platter, the read/write head aligns the 

magnetic polarities, writing 0's and 1's that can be read later. 

 

This history of the floppy disk and drive 

Below is a brief history of each of three major floppy diskettes. 

8" Floppy Disk 

The first disk was introduced in 1971. The disk was 8" in diameter with a 

magnetic coating, enclosed in a cardboard case with the capacity of one 



megabyte. Conversely to hard drives, the heads touched the disk, like in a 

cassette or video player that wears the media down over time. 

5.25" Floppy Disk 

First started development in 1976 and later became a standard in 1978, these 

disks were first released with only 160KB of disk space. These diskettes were 

commonly used in 1980's and began stop being used in the early 1990's. See 

our 5.25" floppy diskettedefinition for further information, pictures, and related 

links. 

3.5" Floppy Disk 

Created by IBM in 1984, these diskettes were first introduced with a total 

capacity of 720KB. The 1.44MB floppy diskettes were used widely in the 

1990's and were seldom found or used by 2000. See our 3.5" floppy 

diskette definition for further information, pictures, and related links. 

 

 

 

CD ROM:- 

Stands for "Compact Disc Read-Only Memory." A CD-ROM is a CD that can 

be read by a computer with an optical drive. The "ROM" part of the term means 

the data on the disc is "read-only," or cannot be altered or erased. Because of 

this feature and their large capacity, CD-ROMs are a great media format for 

retail software. The first CD-ROMs could hold about 600 MB of data, but now 

they can hold up to 700 MB. CD-ROMs share the same technology as audio 

CDs, but they are formatted differently, allowing them to store many types of 

data. 

 

 

PRACTICE QUESTION 

1)Define Static RAM and Dynamic RAM. 

2)Explain Difrent types of ROM. 

3)Define Floppy Disk. 

4)Explain CD-ROM. 

 



 

 

 

UNIT-IV 

Sequential Building Blocks 

Flip-Flop (RS, D, JK, Master-slave & T flip-flops); Registers & Shift registers; 

Counters; Synchronous and 

Asynchronous , Designing method. 

 

 

Sequential Circuits 

The combinational circuit does not use any memory. Hence the previous state 

of input does not have any effect on the present state of the circuit. But 

sequential circuit has memory so output can vary based on input. This type of 

circuits uses previous input, output, clock and a memory element. 

Block diagram 

 

Flip Flop 

Flip flop is a sequential circuit which generally samples its inputs and changes 

its outputs only at particular instants of time and not continuously. Flip flop is 

said to be edge sensitive or edge triggered rather than being level triggered like 

latches. 

S-R Flip Flop 

It is basically S-R latch using NAND gates with an additional enable input. It 

is also called as level triggered SR-FF. For this, circuit in output will take place 



if and only if the enable input (E) is made active. In short this circuit will 

operate as an S-R latch if E = 1 but there is no change in the output if E = 0. 

Block Diagram 

 

Circuit Diagram 

 

Truth Table 

 

Operation 

S.N. Condition Operation 

1 S = R = 0 : No change If S = R = 0 then output of NAND gates 3 

and 4 are forced to become 1. 

Hence R' and S' both will be equal to 1. Since 

S' and R' are the input of the basic S-R latch 

using NAND gates, there will be no change 



in the state of outputs. 

2 S = 0, R = 1, E = 1 Since S = 0, output of NAND-3 i.e. R' = 1 

and E = 1 the output of NAND-4 i.e. S' = 0. 

Hence Qn+1 = 0 and Qn+1 bar = 1. This is reset 

condition. 

3 S = 1, R = 0, E = 1 Output of NAND-3 i.e. R' = 0 and output of 

NAND-4 i.e. S' = 1. 

Hence output of S-R NAND latch is Qn+1 = 1 

and Qn+1 bar = 0. This is the reset condition. 

4 S = 1, R = 1, E = 1 As S = 1, R = 1 and E = 1, the output of 

NAND gates 3 and 4 both are 0 i.e. S' = R' = 

0. 

Hence the Race condition will occur in the 

basic NAND latch. 

Master Slave JK Flip Flop 

Master slave JK FF is a cascade of two S-R FF with feedback from the output 

of second to input of first. Master is a positive level triggered. But due to the 

presence of the inverter in the clock line, the slave will respond to the negative 

level. Hence when the clock = 1 (positive level) the master is active and the 

slave is inactive. Whereas when clock = 0 (low level) the slave is active and 

master is inactive. 

Circuit Diagram 



 

Truth Table 

 

Operation 

S.N. Condition Operation 

1 J = K = 0 (No change) When clock = 0, the slave becomes active 

and master is inactive. But since the S and R 

inputs have not changed, the slave outputs 

will also remain unchanged. Therefore 

outputs will not change if J = K =0. 

2 J = 0 and K = 1 (Reset) Clock = 1 − Master active, slave inactive. 
Therefore outputs of the master become 

Q1 = 0 and Q1 bar = 1. That means S = 0 

and R =1. 

Clock = 0 − Slave active, master inactive. 
Therefore outputs of the slave become Q = 

0 and Q bar = 1. 

Again clock = 1 − Master active, slave 



inactive. Therefore even with the changed 

outputs Q = 0 and Q bar = 1 fed back to 

master, its output will be Q1 = 0 and Q1 bar 

= 1. That means S = 0 and R = 1. 

Hence with clock = 0 and slave becoming 

active the outputs of slave will remain Q = 0 

and Q bar = 1. Thus we get a stable output 

from the Master slave. 

3 J = 1 and K = 0 (Set) Clock = 1 − Master active, slave inactive. 
Therefore outputs of the master become 

Q1 = 1 and Q1 bar = 0. That means S = 1 

and R =0. 

Clock = 0 − Slave active, master inactive. 
Therefore outputs of the slave become Q = 

1 and Q bar = 0. 

Again clock = 1 − then it can be shown that 
the outputs of the slave are stabilized to Q = 

1 and Q bar = 0. 

4 J = K = 1 (Toggle) Clock = 1 − Master active, slave inactive. 
Outputs of master will toggle. So S and R 

also will be inverted. 

Clock = 0 − Slave active, master inactive. 

Outputs of slave will toggle. 

These changed output are returned back to 

the master inputs. But since clock = 0, the 

master is still inactive. So it does not 

respond to these changed outputs. This 

avoids the multiple toggling which leads to 

the race around condition. The master slave 

flip flop will avoid the race around 

condition. 



Delay Flip Flop / D Flip Flop 

Delay Flip Flop or D Flip Flop is the simple gated S-R latch with a NAND 

inverter connected between S and R inputs. It has only one input. The input 

data is appearing at the output after some time. Due to this data delay between 

i/p and o/p, it is called delay flip flop. S and R will be the complements of each 

other due to NAND inverter. Hence S = R = 0 or S = R = 1, these input 

condition will never appear. This problem is avoid by SR = 00 and SR = 1 

conditions. 

Block Diagram 

 

Circuit Diagram 

 

Truth Table 

 

Operation 

S.N. Condition Operation 

1 E = 0 Latch is disabled. Hence no change in output. 



2 E = 1 and D = 0 If E = 1 and D = 0 then S = 0 and R = 1. Hence 

irrespective of the present state, the next state is 

Qn+1 = 0 and Qn+1 bar = 1. This is the reset 

condition. 

3 E = 1 and D = 1 If E = 1 and D = 1, then S = 1 and R = 0. This will 

set the latch and Qn+1 = 1 and Qn+1 bar = 0 

irrespective of the present state. 

Toggle Flip Flop / T Flip Flop 

Toggle flip flop is basically a JK flip flop with J and K terminals permanently 

connected together. It has only input denoted by T as shown in the Symbol 

Diagram. The symbol for positive edge triggered T flip flop is shown in the 

Block Diagram. 

Symbol Diagram 

 

Block Diagram 

 

Truth Table 

 

Operation 



S.N. Condition Operation 

1 T = 0, J = K = 0 The output Q and Q bar won't change 

2 T = 1, J = K = 1 Output will toggle corresponding to every leading 

edge of clock signal. 

 

Register and shift Registers : 

 

Flip-flop is a 1 bit memory cell which can be used for storing the digital data. 

To increase the storage capacity in terms of number of bits, we have to use a 

group of flip-flop. Such a group of flip-flop is known as a Register. The n-bit 

register will consist of n number of flip-flop and it is capable of storing an n-

bit word. 

The binary data in a register can be moved within the register from one flip-

flop to another. The registers that allow such data transfers are called as shift 

registers. There are four mode of operations of a shift register. 

 Serial Input Serial Output 

 Serial Input Parallel Output 

 Parallel Input Serial Output 

 Parallel Input Parallel Output 

Serial Input Serial Output 

Let all the flip-flop be initially in the reset condition i.e. Q3 = Q2 = Q1 = Q0 = 0. 

If an entry of a four bit binary number 1 1 1 1 is made into the register, this 

number should be applied to Din bit with the LSB bit applied first. The D input 

of FF-3 i.e. D3 is connected to serial data input Din. Output of FF-3 i.e. Q3 is 

connected to the input of the next flip-flop i.e. D2 and so on. 

Block Diagram 



 

Operation 

Before application of clock signal, let Q3 Q2 Q1 Q0 = 0000 and apply LSB bit 

of the number to be entered to Din. So Din = D3 = 1. Apply the clock. On the 

first falling edge of clock, the FF-3 is set, and stored word in the register is 

Q3 Q2 Q1Q0 = 1000. 

 

Apply the next bit to Din. So Din = 1. As soon as the next negative edge of the 

clock hits, FF-2 will set and the stored word change to Q3 Q2 Q1 Q0 = 1100. 

 

Apply the next bit to be stored i.e. 1 to Din. Apply the clock pulse. As soon as 

the third negative clock edge hits, FF-1 will be set and output will be modified 

to Q3 Q2 Q1 Q0 = 1110. 



 

Similarly with Din = 1 and with the fourth negative clock edge arriving, the 

stored word in the register is Q3 Q2 Q1 Q0 = 1111. 

 

Truth Table 

 

Waveforms 



 

Serial Input Parallel Output 

 In such types of operations, the data is entered serially and taken out in 

parallel fashion. 

 Data is loaded bit by bit. The outputs are disabled as long as the data is 

loading. 

 As soon as the data loading gets completed, all the flip-flops contain their 

required data, the outputs are enabled so that all the loaded data is made 

available over all the output lines at the same time. 

 4 clock cycles are required to load a four bit word. Hence the speed of 

operation of SIPO mode is same as that of SISO mode. 

Block Diagram 



 

Parallel Input Serial Output (PISO) 

 Data bits are entered in parallel fashion. 

 The circuit shown below is a four bit parallel input serial output register. 

 Output of previous Flip Flop is connected to the input of the next one via 

a combinational circuit. 

 The binary input word B0, B1, B2, B3 is applied though the same 

combinational circuit. 

 There are two modes in which this circuit can work namely - shift mode 

or load mode. 

Load mode 

When the shift/load bar line is low (0), the AND gate 2, 4 and 6 become active 

they will pass B1, B2, B3 bits to the corresponding flip-flops. On the low going 

edge of clock, the binary input B0, B1, B2, B3 will get loaded into the 

corresponding flip-flops. Thus parallel loading takes place. 

Shift mode 

When the shift/load bar line is low (1), the AND gate 2, 4 and 6 become 

inactive. Hence the parallel loading of the data becomes impossible. But the 

AND gate 1,3 and 5 become active. Therefore the shifting of data from left to 

right bit by bit on application of clock pulses. Thus the parallel in serial out 

operation takes place. 

Block Diagram 



 

Parallel Input Parallel Output (PIPO) 

In this mode, the 4 bit binary input B0, B1, B2, B3 is applied to the data inputs 

D0, D1, D2, D3 respectively of the four flip-flops. As soon as a negative clock 

edge is applied, the input binary bits will be loaded into the flip-flops 

simultaneously. The loaded bits will appear simultaneously to the output side. 

Only clock pulse is essential to load all the bits. 

Block Diagram 

 

 



 

COUNTERS :- 

 

Counter is a sequential circuit. A digital circuit which is used for a counting 

pulses is known counter. Counter is the widest application of flip-flops. It is a 

group of flip-flops with a clock signal applied. Counters are of two types. 

 Asynchronous or ripple counters. 

 Synchronous counters. 

Asynchronous or ripple counters 

The logic diagram of a 2-bit ripple up counter is shown in figure. The toggle 

(T) flip-flop are being used. But we can use the JK flip-flop also with J and K 

connected permanently to logic 1. External clock is applied to the clock input 

of flip-flop A and QA output is applied to the clock input of the next flip-flop 

i.e. FF-B. 

Logical Diagram 

 

Operation 

S.N. Condition Operation 

1 Initially let both the FFs be in the reset state QBQA = 00 initially 

2 After 1st negative clock edge As soon as the first 

negative clock edge is 

applied, FF-A will 

toggle and QA will be 

equal to 1. 



QA is connected to 

clock input of FF-B. 

Since QA has changed 

from 0 to 1, it is 

treated as the positive 

clock edge by FF-B. 

There is no change in 

QBbecause FF-B is a 

negative edge 

triggered FF. 

QBQA = 01 after the 

first clock pulse. 

3 After 2nd negative clock edge On the arrival of 

second negative clock 

edge, FF-A toggles 

again and QA = 0. 

The change in 

QA acts as a negative 

clock edge for FF-B. 

So it will also toggle, 

and QBwill be 1. 

QBQA = 10 after the 

second clock pulse. 

4 After 3rd negative clock edge On the arrival of 3rd 

negative clock edge, 

FF-A toggles again 

and QA become 1 

from 0. 

Since this is a 

positive going 

change, FF-B does 

not respond to it and 



remains inactive. So 

QB does not change 

and continues to be 

equal to 1. 

QBQA = 11 after the 

third clock pulse. 

5 After 4th negative clock edge On the arrival of 4th 

negative clock edge, 

FF-A toggles again 

and QA becomes 1 

from 0. 

This negative change 

in QAacts as clock 

pulse for FF-B. 

Hence it toggles to 

change QBfrom 1 to 

0. 

QBQA = 00 after the 

fourth clock pulse. 

Truth Table 

 



Synchronous counters 

If the "clock" pulses are applied to all the flip-flops in a counter 

simultaneously, then such a counter is called as synchronous counter. 

2-bit Synchronous up counter 

The JA and KA inputs of FF-A are tied to logic 1. So FF-A will work as a toggle 

flip-flop. The JB and KB inputs are connected to QA. 

Logical Diagram 

 

Operation 

S.N. Condition Operation 

1 Initially let both the FFs be in the reset state QBQA = 00 initially. 

2 After 1st negative clock edge As soon as the first 

negative clock edge is 

applied, FF-A will 

toggle and QA will 

change from 0 to 1. 

But at the instant of 

application of 

negative clock edge, 

QA , JB = KB = 0. 

Hence FF-B will not 

change its state. So 

QB will remain 0. 



QBQA = 01 after the 

first clock pulse. 

3 After 2nd negative clock edge On the arrival of 

second negative clock 

edge, FF-A toggles 

again and QA changes 

from 1 to 0. 

But at this instant 

QA was 1. So JB = 

KB= 1 and FF-B will 

toggle. Hence 

QB changes from 0 to 

1. 

QBQA = 10 after the 

second clock pulse. 

4 After 3rd negative clock edge On application of the 

third falling clock 

edge, FF-A will 

toggle from 0 to 1 but 

there is no change of 

state for FF-B. 

QBQA = 11 after the 

third clock pulse. 

5 After 4th negative clock edge On application of the 

next clock pulse, 

QA will change from 

1 to 0 as QB will also 

change from 1 to 0. 

QBQA = 00 after the 

fourth clock pulse. 



Classification of counters 

Depending on the way in which the counting progresses, the synchronous or 

asynchronous counters are classified as follows − 

 Up counters 

 Down counters 

 Up/Down counters 

UP/DOWN Counter 

Up counter and down counter is combined together to obtain an UP/DOWN 

counter. A mode control (M) input is also provided to select either up or down 

mode. A combinational circuit is required to be designed and used between 

each pair of flip-flop in order to achieve the up/down operation. 

 Type of up/down counters 

 UP/DOWN ripple counters 

 UP/DOWN synchronous counter 

UP/DOWN Ripple Counters 

In the UP/DOWN ripple counter all the FFs operate in the toggle mode. So 

either T flip-flops or JK flip-flops are to be used. The LSB flip-flop receives 

clock directly. But the clock to every other FF is obtained from (Q = Q bar) 

output of the previous FF. 

 UP counting mode (M=0) − The Q output of the preceding FF is 
connected to the clock of the next stage if up counting is to be achieved. 

For this mode, the mode select input M is at logic 0 (M=0). 

 DOWN counting mode (M=1) − If M = 1, then the Q bar output of the 
preceding FF is connected to the next FF. This will operate the counter 

in the counting mode. 

Example 

3-bit binary up/down ripple counter. 

 3-bit − hence three FFs are required. 

 UP/DOWN − So a mode control input is essential. 

 For a ripple up counter, the Q output of preceding FF is connected to the 

clock input of the next one. 



 For a ripple up counter, the Q output of preceding FF is connected to the 

clock input of the next one. 

 For a ripple down counter, the Q bar output of preceding FF is connected 

to the clock input of the next one. 

 Let the selection of Q and Q bar output of the preceding FF be controlled 

by the mode control input M such that, If M = 0, UP counting. So 

connect Q to CLK. If M = 1, DOWN counting. So connect Q bar to 

CLK. 

Block Diagram 

 

Truth Table 

 

Operation 

S.N. Condition Operation 

1 Case 1 − With M = 0 (Up counting mode) If M = 0 and M bar = 



1, then the AND gates 

1 and 3 in fig. will be 

enabled whereas the 

AND gates 2 and 4 

will be disabled. 

Hence QA gets 

connected to the clock 

input of FF-B and 

QBgets connected to 

the clock input of FF-

C. 

These connections are 

same as those for the 

normal up counter. 

Thus with M = 0 the 

circuit work as an up 

counter. 

2 Case 2: With M = 1 (Down counting mode) If M = 1, then AND 

gates 2 and 4 in fig. are 

enabled whereas the 

AND gates 1 and 3 are 

disabled. 

Hence QA bar gets 

connected to the clock 

input of FF-B and 

QB bar gets connected 

to the clock input of 

FF-C. 

These connections will 

produce a down 

counter. Thus with M 

= 1 the circuit works as 

a down counter. 



Modulus Counter (MOD-N Counter) 

The 2-bit ripple counter is called as MOD-4 counter and 3-bit ripple counter is 

called as MOD-8 counter. So in general, an n-bit ripple counter is called as 

modulo-N counter. Where, MOD number = 2
n
. 

Type of modulus 

 2-bit up or down (MOD-4) 

 3-bit up or down (MOD-8) 

 4-bit up or down (MOD-16) 

Application of counters 

 Frequency counters 

 Digital clock 

 Time measurement 

 A to D converter 

 Frequency divider circuits 

 Digital triangular wave generator. 

 

PRACTICE QUESTION 

1)Define RS Flip Flop. 

2)Define T Flip Flop. 

3)Define JK Flip Flop. 

4)Define D Flip Flop. 

5)Define MASTER SLAVE Flip Flop. 

6)Define Counters. 

7)Define Modulus Counter (MOD- 6 Counter) 

8)Define Synchronous counters. 

9)Define Asynchronous counters 

10)Explain Shift Registers. 

11)Explain   SISO,PISO,PIPO and SIPO Shift Registers. 



 

 

 

 

 

 

 

 

 

 

 

UNIT-V 

Memory Organization: Basic cell of static and dynamic RAM; Building large 

memories using chips; 

Associative memory; Cache memory organization and Virtual memory 

organization. 

 

 

Basic cell of static and dynamic RAM 

 

RAM(Random Access Memory) is the internal memory of the CPU for storing 

data, program and program result. It is read/write memory which stores data 

until the machine is working. As soon as the machine is switched off, data is 

erased. 

Access time in RAM is independent of the address that is, each storage location 

inside the memory is as easy to reach as other locations and takes the same 

amount of time. Data in the RAM can be accessed randomly but it is very 

expensive. 

RAM is volatile, i.e. data stored in it is lost when we switch off the computer 

or if there is a power failure. Hence a backup uninterruptible power 

system(UPS) is often used with computers. RAM is small, both in terms of its 

physical size and in the amount of data it can hold. 

RAM is of two types 

 Static RAM (SRAM) 

 Dynamic RAM (DRAM) 



 

Static RAM (SRAM) 

The word static indicates that the memory retains its contents as long as power 

is being supplied. However, data is lost when the power gets down due to 

volatile nature. SRAM chips use a matrix of 6-transistors and no capacitors. 

Transistors do not require power to prevent leakage, so SRAM need not have 

to be refreshed on a regular basis. 

Because of the extra space in the matrix, SRAM uses more chips than DRAM 

for the same amount of storage space, thus making the manufacturing costs 

higher. So SRAM is used as cache memory and has very fast access. 

Characteristic of the Static RAM 

 It has long life 

 There is no need to refresh 

 Faster 

 Used as cache memory 

 Large size 

 Expensive 

 High power consumption 

Dynamic RAM (DRAM) 

DRAM, unlike SRAM, must be continually refreshed in order to maintain the 

data. This is done by placing the memory on a refresh circuit that rewrites the 

data several hundred times per second. DRAM is used for most system 

memory because it is cheap and small. All DRAMs are made up of memory 

cells which are composed of one capacitor and one transistor. 

Characteristics of the Dynamic RAM 

 It has short data lifetime 

 Need to be refreshed continuously 

 Slower as compared to SRAM 

 Used as RAM 

 Lesser in size 

 Less expensive 



 Less power consumption 

Associative memory 

A type of computer memory from which items may be retrieved by matching 

some part of their content, rather than by specifying their ADDRESS (hence 

also called associative or content-addressable memory.) Associative memory is 

much slower than RAM, and is rarely encountered in mainstream computer 

designs. 

For example, that serves as an identifying tag. Associative memory is used in 

multilevel memory systems, in which a small fast memory such as a cache may 

hold copies of some blocks of a larger memory for rapid access. 

To retrieve a word from associative memory, a search key (or descriptor) must 

be presented that represents particular values of all or some of the bits of the 

word. This key is compared in parallel with the corresponding lock or tag bits of 

all stored words, and all words matching this key are signaled to be available. 

Associative memory is expensive to implement as integrated circuitry. 

 

 

 Cache Memory Organisation :- 

Basic Ideas 

The cache is a small mirror-image of a portion (several "lines") of main 

memory. 

 

 cache is faster than main memory ==> so we must maximize its 

utilization 

 cache is more expensive than main memory ==> so it is much smaller 

How do we keep that portion of the current program in cache which maximizes 

cache utilization. 

 

Locality of reference 

The principle that the instruction currently being fetched/executed is very close 

in memory to the instruction to be fetched/executed next. The same idea applies 

to the data value currently being accessed (read/written) in memory. 

So... 



If we keep the most active segments of program and data in the cache, overall 

execution speed for the program will be optimized.  Our strategy for cache 

utilization should maximize the number of cache read/write operations, in 

comparison with the number of main memory read/write operations. 

Example 

A line is an adjacent series of bytes in main memory (that is, their addresses are 

contiguous). Suppose a line is 16 bytes in size.  For example, suppose we have a 

2
12

 = 4K-byte cache with 2
8
 = 256 16-byte lines; a 2

24
 = 16M-byte main 

memory, which is 2
12

 = 4K times the size of the cache; and a 400-line program, 

which will not all fit into the cache at once. 

 

 

 
 

  

Each active cache line is established as a copy of a corresponding memory line 

during execution. Whenever a memory write takes place in the cache, the 

"Valid" bit is reset (marking that line "Invalid"), which means that it is no 

longer an exact image of its corresponding line in memory. 

Cache Dynamics 

When a memory read (or fetch) is issued by the CPU: 

1. If the line with that memory address is in the cache (this is called a 

cache hit), the data is read from the cache to the MDR. 



2. If the line with that memory address is not in the cache (this is called 

a miss), the cache is updated by replacing one of its active lines by the 

line with that memory address, and then the data is read from the cache to 

the MDR. 

When a memory write is issued by the CPU: 

1. If the line with that memory address is in the cache, the data is written 

from the MDR to the cache, and the line is marked "invalid" (since it no 

longer is an image of the corresponding memory line). 

2. If the line with that memory address is not in the cache, the cache is 

updated by replacing one of its active lines by the line with that memory 

address. The data is then written from the MDR to the cache and the line 

is marked "invalid." 

Cache updating is done in the following way. 

1. A candidate line is chosen for replacement using an algorithm that tries to 

minimize the number of cache updates throughout the life of the program 

run. Two algorithms have been popular in recent architectures: 

- Choose the line that has been least recently used - "LRU" for short (e.g., 

the PowerPC) 

- Choose the line randomly (e.g., the 68040) 

2. If the candidate line is "invalid," write out a copy of that line to main 

memory (thus bringing the memory up to date with all recent writes to 

that line in the cache). 

3. Replace the candidate line by the new line in the cache. 

Mapping Memory Lines to Cache Lines - Three Strategies 

As a working example, suppose the cache has 2
7
 = 128 lines, each with 2

4
 = 16 

words. Suppose the memory has a 16-bit address, so that 2
16

 = 64K words are in 

the memory's address space. 

 



 
 

  

Direct Mapping 

Under this mapping scheme, each memory line j maps to cache line j mod 128 

so the memory address looks like this:  

  

 
 

  

Here, the "Word" field selects one from among the 16 addressable words in a 

line. The "Line" field defines the cache line where this memory line should 

reside. The "Tag" field of the address is is then compared with that cache line's 

5-bit tag to determine whether there is a hit or a miss. If there's a miss, we need 

to swap out the memory line that occupies that position in the cache and replace 

it with the desired memory line. 

E.g., Suppose we want to read or write a word at the address 357A, whose 16 

bits are 0011010101111010. This translates to Tag = 6, line = 87, and Word = 

10 (all in decimal). If line 87 in the cache has the same tag (6), then memory 

address 357A is in the cache. Otherwise, a miss has occurred and the contents of 

cache line 87 must be replaced by the memory line 001101010111 = 855 before 

the read or write is executed. 

Direct mapping is the most efficient cache mapping scheme, but it is also the 

least effective in its utilization of the cache - that is, it may leave some cache 

lines unused. 

Associative Mapping 

This mapping scheme attempts to improve cache utilization, but at the expense 

of speed. Here, the cache line tags are 12 bits, rather than 5, and any memory 

line can be stored in any cache line. The memory address looks like this:  

  

 

 



 
 

 Here, the "Tag" field identifies one of the 2
 12

 = 4096 memory lines; all the 

cache tags are searched to find out whether or not the Tag field matches one of 

the cache tags. If so, we have a hit, and if not there's a miss and we need to 

replace one of the cache lines by this line before reading or writing into the 

cache. (The "Word" field again selects one from among 16 addressable words 

(bytes) within the line.) 

For example, suppose again that we want to read or write a word at the address 

357A, whose 16 bits are 0011010101111010. Under associative mapping, this 

translates to Tag = 855 and Word = 10 (in decimal). So we search all of the 128 

cache tags to see if any one of them will match with 855. If not, there's a miss 

and we need to replace one of the cache lines with line 855 from memory before 

completing the read or write.  The search of all 128 tags in the cache is time-

consuming. However, the cache is fully utilized since none of its lines will be 

unused prior to a miss (recall that direct mapping may detect a miss even though 

the cache is not completely full of active lines). 

Set-associative Mapping 

This scheme is a compromise between the direct and associative schemes 

described above. Here, the cache is divided into sets of tags, and the set number 

is directly mapped from the memory address (e.g., memory line j is mapped to 

cache set j mod 64), as suggested by the diagram below: 

 
  

The memory address is now partitioned to like this:  

 

  

 
  

Here, the "Tag" field identifies one of the 2
6
 = 64 different memory lines in 

each of the 2
6
 = 64 different "Set" values. Since each cache set has room for 



only two lines at a time, the search for a match is limited to those two lines 

(rather than the entire cache). If there's a match, we have a hit and the read or 

write can proceed immediately. Otherwise, there's a miss and we need to replace 

one of the two cache lines by this line before reading or writing into the cache. 

(The "Word" field again select one from among 16 addressable words inside the 

line.) 

 

In set-associative mapping, when the number of lines per set is n, the mapping 

is called n-way associative.  For instance, the above example is 2-way 

associative. 

E.g., Again suppose we want to read or write a word at the memory address 

357A, whose 16 bits are 0011010101111010. Under set-associative mapping, 

this translates to Tag = 13, Set = 23, and Word = 10 (all in decimal). So we 

search only the two tags in cache set 23 to see if either one matches tag 13. If 

so, we have a hit. Otherwise, one of these two must be replaced by the memory 

line being addressed (good old line 855) before the read or write can be 

executed. 

 

 Virtual Memory 

Paging 

Both unequal fixed size and variable size partitions are inefficient in the use of 

memory. It has been observed that both schemes lead to memory wastage. 

Therefore we are not using the memory efficiently. 

There is another scheme for use of memory which is known as paging. In 

this scheme, 

The memory is partitioned into equal fixed size chunks that are relatively 

small. This chunk of memory is known as frames or page frames. 

Each process is also divided into small fixed chunks of same size. The 

chunks of a program is known as pages. 

A page of a program could be assigned to available page frame. 

In this scheme, the wastage space in memory for a process is a fraction of a 

page frame which corresponds to the last page of the program. 

At a given point of time some of the frames in memory are in use and some 

are free. The list of free frame is maintained by the operating system. 



3.4.2 Logical to physical address 

The conversion of logical address to physical address is shown in the figure for 

the Process A. 

 

This approach solves the problems. Main memory is divided into many small 

equal size frames. Each process is divided into frame size pages. Smaller 

process requires fewer pages, larger process requires more. When a process is 

brought in, its pages are loaded into available frames and a page table is set up. 

Virtual Memory 

The concept of paging helps us to develop truly effective multiprogramming 

systems. 

Since a process need not be loaded into contiguous memory locations, it 

helps us to put a page of a process in any free page frame. On the other hand, it 

is not required to load the whole process to the main memory, because the 

execution may be confined to a small section of the program. (eg. a subroutine). 



It would clearly be wasteful to load in many pages for a process when only a 

few pages will be used before the program is suspended. 

Instead of loading all the pages of a process, each page of process is brought 

in only when it is needed, i.e on demand. This scheme is known as demand 

paging . 

Demand paging also allows us to accommodate more process in the main 

memory, since we are not going to load the whole process in the main memory, 

pages will be brought into the main memory as and when it is required. 

With demand paging, it is not necessary to load an entire process into main 

memory. 

 

PRACTICE QUESTION 

1)Define Associative Memory. 

2)Define Virtual Memory. 

3)Define Cache Organisation. 

4)Define Cache Memory Mapping Technique. 
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