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Abstract: This paper's learning objectives are to illustrate the chronical of a logic switching
circuit. The study focuses on the evolution and use of logic throughout history in the field of
computer and electronic applications. This essay focuses on design considerations, a few
interesting facts, and a brief analysis of the fundamental requirements of logic fusion.
Additionally, it improves students' comprehension of various Boolean function minimization
techniques.
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Introduction

Combinational circuits are made up of logic gates whose output is always dependent on the
combination of logic levels at the input. Since a combinational circuit lacks memory, its output is
solely dependent on the inputs' current values. Combinational circuits rely on Boolean
expressions to implement their function, and the digital gate is its fundamental component. N
inputs and M outputs make up the circuit. There are 2N potential combinations of binary input
values for N inputs. There is only one output combination for any combination of inputs. The
Boolean expression M can be used to describe this combinational circuit. One Boolean statement
for each output can be used to describe this combinational circuit. N inputs are used to express
every output.

On the contrary. Logic gates and memory components like flip-flops are components of
sequential logic circuits.

A combinational circuit with n inputs and m outputs is depicted in Fig. 1 There are 2N potential
permutations of bits at the input, as shown by the n number of inputs. Consequently, m Boolean
statements are used to express the output.
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Fig.1 Circuit Diagram of combinational circuit
Background

One well-known part of digital electronics is the combinational circuit. They are specifically
made to work with several coupled logic gates.
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Classification of combinational circuit
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Fig.2 Block diagram
Methodology

Mathematical representation of the function, involves a systematic process, problem definition,
identifying inputs/outputs, creating a truth table mapping all input combinations to desired
outputs: deriving and simplifying Boolean expressions(using K-map or algebra) and finally
implementing the logic diagram with AND,OR,NOT gates to build the circuit, logic
implementation ,switching simplification. Problem specification, truth table construction,
Boolean function derivation, circuit implementation, optimization technique.

Types of logic gate

1. Basic gate

2. Universal gate

3. Special gate
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Fig.3 Common Logic Gates: Symbols and Truth Table
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Adder (Digital Adder)

An adder is a fundamental combinational logic circuit in digital electronics used to perform
binary addition. Adders form the core of arithmetic operations in digital systems such as
computers, calculators, microprocessors, and ALUSs.

Half Adder

Three single-bit binary inputs are added by a complete adder, a combinational logic circuit: two
significant bits (A and B) and a carry-in (Cin) from the preceding stage. Sum (S) and Carry-out
(Cout) are the two outputs it generates.

» Sum (S)
» Carry-out (Cout)

A Sum
INPUT Half-Adder Circuit OuTPUT
B Carry Out

A e A\
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Fig.4 Diagram of the Half Adder Circuit
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Table.1 Truth Table of Half Adder
Full Adder

A simple combinational logic circuit for adding two single-bit binary integers is called a half
adder. It has two outputs, Sum (S) and Carry (C), and two inputs, A and B.

» Sum (S)
» Carry (C)
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Fig.4 Circuit Diagram of Full Adder Circuit
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Table2. Truth Table for Full Adder
Half Subtractor

One single-bit binary number can be subtracted from another using a simple combinational logic
device called a half subtractor. Difference (D) and Borrow (Bo) are its two outputs, and Minuend
(A) and Subtrahend (B) are its two inputs.

» Difference (D)
» Borrow (Bo)
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Fig.4 Circuit Diagram of Half Subtractor Circuit
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Table3. Truth Table for Half Subtractor

Full subtractor

A combinational logic circuit called a full subtractor is used to subtract two single-bit binary
integers while taking into account a borrow input from a lower-order stage. It has two outputs,
Difference (D) and Borrow-out (Bout), and three inputs, Minuend (A), Subtrahend (B), and
Borrow-in (Bin).

» Difference (D)

» Borrow-out (Bout)
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Fig.6 Diagram of the Complete Subtractor Circuit
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Table.4 Truth table for full subtractor
Encoder

A combinational logic circuit known as an encoder transforms several input lines into fewer
output lines, typically in binary form. It carries out a decoder's opposite operation.
Typically, an encoder has n output lines and two input lines. The output is the binary code that
corresponds to the active input, and it is assumed that only one input is active at a time.
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Fig.7 Circuit Diagram for the Encoder

Decoder

A combinational logic circuit that transforms binary input data into a one-of-many output format
is called a decoder. It operates like an encoder in reverse.

Typically, a decoder has two output lines and n input lines. Only one output line is turned on at a
time for a particular binary input combination.

n Data
Inputs
n:2n» 2=
Possible
Decoder outputs
Enable
Inputs

Fig.8 The Decoder Circuit Circuit Diagram

Multiplexer (MUX)

A multiplexer is a combinational logic circuit that, depending on the values of the selected
inputs, chooses one input from several input lines and sends it to a single output line. It serves as
a selector of data.

One output and n select lines are needed for a multiplexer with two input lines.
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Fig.9 Multiplexer Circuit Circuit Schematic

Demultiplexer (DEMUX)

A demultiplexer is a combinational logic circuit that, depending on the values of specific inputs,
divides a single input signal among several output lines. It does what a multiplexer does in
reverse.

A demultiplexer with n select lines has one data input and two output lines.
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Fig.10 Circuit Diagram of Demultiplexer Circuit

Recent advancements

Reversible Logic, low-power combinational Approximate Computing, Nano technology logic
circuits

Research and findings

This study is an overview of logic synthesis. Different representation techniques are needed for
different minimization strategies and switching circuit implementation. Several minimization
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procedures and implementation strategies were discussed in this study. Logic minimization is an
old topic, yet it is still relevant today. It is crucial for many aspects of VLSI synthesis, switching
system design, built-in self-test, and many other applications.
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Higher label abstraction, automation, quantum computing, the Internet of Things, and
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