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Abstract:
"From Logic Gate to Verilog Code: A Handbook Guide" is an essential 
resource for anyone interested in understanding the fundamentals of 
digital design and programming using Verilog. This comprehensive 
handbook takes readers on a journey from the basics of logic gates and 
digital circuits to advanced Verilog coding techniques, making it 
accessible to beginners while also providing valuable insights for 
experienced engineers.

The book begins by introducing the foundational concepts of digital logic, 
including Boolean algebra, logic gates, and basic circuit design principles. 
It then progresses to explain the role of Verilog in digital design and 
covers topics such as module instantiation, data types, operators, and 
behavioural modelling.

One of the key strengths of this handbook is its hands- on approach. Each 
chapter is accompanied by practical examples and exercises that allow 
readers to apply their knowledge and reinforce their understanding of 
Verilog coding. The book also includes step-by-step guides for designing 
common digital circuits and implementing them in Verilog, making it a 
valuable reference for both learning and practical application.
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This book is intended for students, engineers, and hobbyists who want to 
learn how to design digital systems using the hardware description language 
Verilog. Verilog is a powerful and versatile language that can be used to 
describe the structure and behaviour of digital circuits at various levels of 
abstraction, from gates and wires to complex components and systems. 
Verilog can also be used to simulate and test the functionality of digital 
designs before they are implemented in hardware. The main goal of this 
book is to provide a comprehensive guide to the process of transforming 
logic circuits into Verilog code. Logic circuits are graphical representations 
of digital systems that use symbols and connections to show how logic 
gates and other components are combined to perform a desired function. 
This book will teach It how to translate logic circuits into Verilog code using 
a systematic and step-by-step approach. It will learn how to identify the 
inputs, outputs, and internal signals of a logic circuit, how to choose the 
appropriate data types and operators for each signal, how to write the 
Verilog code that describes the structure and behavior of each component, 
and how to combine the components into a complete system.

PREFACE
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1.1	 INTRODUCTION

Digital electronics is a branch of electronics that deals with the use of 
discrete signals to represent and process information. In digital electronics, 
information is encoded as binary digits (0 and 1), known as bits, and is 
manipulated using logic gates and digital circuits. This approach allows for 
the precise and efficient handling of information and is fundamental to 
modern technology. Therefore, this book is a reference for digital electronics 
students who want to learn the basics of developing a system using Verilog 
code. This book is a fundamental book that uses basic knowledge in digital 
electronics. However, the reference and revision of the theoretical basis was 
carried out using the books at [1-10].

1.2	 SIGNIFICANCE OF DIGITAL ELECTRONICS IN MODERN 
TECHNOLOGY

Information Processing : Digital electronics plays a crucial role in processing, 
storing, and transmitting vast amounts of information efficiently. It enables 
the representation of text, images, audio, and video in a digital format, 
making it easy to manipulate and transport data.

Computing : Digital electronics forms the foundation of modern computing 
devices, such as computers, tablets, and smartphones. It allows for complex 
calculations, data analysis, and software execution, enabling a wide range of 
applications from business to entertainment.

Communication : Digital electronics is at the heart of modern 
communication systems, including the internet, mobile networks, and 
satellite communications. Digital signals are robust against noise and can 
be transmitted over long distances without significant degradation.

Data Storage : Digital electronics enables the creation of high-capacity and 
reliable data storage devices, such as hard drives, solid-state drives, and 
optical discs. This is essential for preserving and accessing digital information.

Chapter 1
INTRODUCTION TO DIGITAL LOGIC AND DESIGN 
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2.1	 SR, JK, D AND T FLIP-FLOP

Flip-flops are essential sequential logic circuits used in digital electronics to 
store and control binary data. They can hold one bit of information because 
they are bistable devices, which have two stable states. There are several 
types of flip-flops, such as JK, SR, D, and T flip-flops, each with its unique 
characteristics and applications:

2.1.1	 SR Flip-Flop (Set-Reset Flip-Flop)

An SR flip-flop, also known as an SR latch (Set-Reset latch), is another type 
of digital sequential logic circuit that functions as a memory element in dig-
ital systems. Like the JK flip-flop, the SR flip-flop can store one bit of data (0 
or 1) and can be used in various applications such as memory storage, data 
registers, and control circuits. The operation of an SR flip-flop:

i.	 Inputs

•	 S (Set): The S input sets the output Q to 1 (Q = 1) when S = 1.
•	 R (Reset): The R input resets the output Q to 0 (Q = 0) when R = 1.

ii.	 Outputs

•	 Q: Represents the output state of the flip-flop, which can be either 0 
or 1.

•	 Q’ (Q complement): Represents the complementary output of Q, 
meaning Q’ is the inverse of Q (Q’ = 1 when Q = 0, and vice versa).

iii.	 Operation

•	 When both S and R inputs are 0, the SR flip-flop maintains its cur-
rent state (Q and Q’ hold their values).

•	 When S = 1 and R = 0, the flip-flop sets its output Q to 1 (Q = 1) 
and Q’ to 0 (Q’ = 0), regardless of the previous state.

Chapter 2
SEQUENTIAL LOGIC AND FLIP-FLOPS
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3.1	 COMBINATIONAL DIGITAL DESIGN

In contrast, sequential logic circuits contain some memory since their 
outputs are dependent on both their inputs at that particular time and their 
previous output state. Combinational logic circuits only produce outputs 
that are determined by the logic function of the current input state, which is 
either logic “0” or logic “1” at any given time. Because combinational logic 
circuits do not have feedback, any changes made to the signals supplied to 
their inputs will immediately impact the output. If not, a combinational logic 
circuit’s output is always reliant on the arrangement of its inputs. This means 
that a combinational circuit has no memory.

Combinational logic circuits are constructed from more complex switching 
circuits by connecting fundamental logic gates such as NOR, NOT, or 
NAND. Combinational logic circuits can be extremely basic or extremely 
complex, and as NAND and NOR gates are regarded as “universal” gates, 
any combinational circuit can be created with just these two gates.

One type of combinational circuit is a decoder, which accepts binary input 
data and outputs several lines of code, each of which generates an equivalent 
decimal code at the output. A combinational logic circuit’s function may be 
specified in three primary ways:

i.	 Boolean algebra: This creates the algebraic statement that illustrates 
how the logic circuit operates for each True or False input variable that 
yields a logic “1” output.

ii.	 Truth Table - A truth table provides a summary of all the output states 
for every conceivable combination of input variables that the gate may 
encounter in tabular form, therefore defining the function of a logic 
gate.

Chapter 3
COMBINATIONAL CIRCUIT DESIGN
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4.1	 BASICS OF VERILOG

Originally intended for use in the specification, documentation, and 
simulation of digital circuits to be built via VLSI processes, Verilog was 
developed as a language. The fact that it could be able to automatically 
generate the circuit from a description if it had one of sufficient quality was 
only discovered much later.

Electronic systems are modeled using Verilog, a hardware description 
language (HDL) that is standardized as IEEE 1364. It is frequently used in the 
register-transfer abstraction level of digital circuit design and verification. 
Verilog is also used in the design of genetic circuits, mixed-signal circuit 
verification, and analog circuit verification. Verilog’s syntax is like the C 
programming language. It is case-sensitive and features basic preprocessor 
capabilities. It uses blocking (=) and non-blocking (<=) assignment operators. 
The non-blocking assignment allows for state-machine updates without 
temporary storage variables. Verilog requires explicit bit-width declarations 
for variables, unlike C where sizes are inferred from the variable type.

A hierarchy of modules makes up a Verilog design (Module-Based Design). 
Modules use input, output, and bidirectional ports to communicate with one 
another and to encapsulate design hierarchy. A module’s internal structure 
may include instances of other modules (sub-hierarchies), concurrent and 
sequential statement blocks, and net/variable declarations. Verilog-AMS 
combines classic Verilog with analog and mixed-signal modeling. It makes 
an effort to close the gap between analog and digital realms.

The VLSI (Very Large Scale Integration) design flow is a systematic process 
that engineers and designers follow to create integrated circuits (ICs) or 
chips as shown in Figure 5.1. This process involves multiple stages, each 
with its own set of tasks and tools, to ensure the successful design and 
manufacturing of complex semiconductor devices. 

Chapter 4
INTRODUCTION TO VERILOG PROGRAMMING
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5.1	 GATE LEVEL MODELLING

Digital designers are normally familiar with all the common logic gates, 
their symbols, and their working. Flip-flops are built from the logic gates. All 
other functionally complex and more involved circuits can also be built using 
the basic gates. All the basic gates are available as “Primitives” in Verilog. 
Primitives are generalized modules that already exist in Verilog. They can 
be instantiated directly in other modules. Gate-level modelling in Verilog 
involves describing digital circuits using primitive logic gates, such as AND, 
OR, NOT, and others. It represents the design at a lower level of abstraction, 
making it easier to understand the hardware behaviour and optimize for 
performance and area.

5.1.1	 Example of Gate-level Modeling

An example of a gate-level Verilog code for a simple AND gate

module and_gate(output reg y, input a, b);
 always @(a or b) 
begin y = a & b; 
end 
endmodule

5.1.2	 Steps for Gate-level Optimization

These steps is to optimize gate-level Verilog design for better performance:

i.	 Minimize logic depth: Reduce the number of gate levels to decrease 
propagation delay and improve performance.

ii.	 Use efficient logic gates: Choose the most appropriate gates (e.g., 
NAND, NOR) to optimize area and power consumption.

iii.	 Eliminate redundant logic: Remove unnecessary gates or logic to 
simplify the design and save resources.

Chapter 5
COMPILATION OF CIRCUIT DESIGN TO VERILOG 
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