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The rapid advancement of Very Large Scale Integration (VLSI) technology 
has revolutionized the semiconductor industry, paving the way for an era of high-
performance and compact electronic devices. This book, “Introduction to VLSI 
Fabrication and Simulation,” aims to present a comprehensive introduction to the 
fundamental concepts and processes involved in the fabrication and simulation of 
VLSI circuits.

Structured to cater to both novice and intermediate learners, this book begins 
with an introduction to VLSI, tracing its history and providing an overview of silicon 
semiconductor technology. Subsequent chapters delve into the intricate details of 
fabricating Bipolar Junction Transistors (BJTs) and Metal-Oxide-Semiconductor Field-
Effect Transistors (MOSFETs), crystal growth techniques and epitaxial processes.

Emphasizing both theory and practical application, this book covers a wide array of 
topics including oxidation, diffusion, ion implantation, lithography and etching. Each 
chapter is designed to build on the knowledge acquired in previous sections, ensuring 
a cohesive learning experience. The chapters on BJT and MOSFET fabrication offer 
a detailed exploration of these processes, while later chapters introduce simulation 
techniques with SPICE and Verilog HDL, vital tools for modern VLSI design and 
analysis.

We have incorporated numerous review questions and points to remember at the 
end of each chapter to facilitate a deeper understanding and retention of the material. 
This book is intended to serve as a valuable resource for students, educators and 
professionals in the field of semiconductor fabrication and VLSI design.

We hope that this book will not only ensure foundational knowledge but also 
inspire the readers to further explore and innovate in the field of VLSI technology.

—Authors

Preface
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1.1. OVERVIEW OF SILICON SEMICONDUCTOR TECHNOLOGY
Silicon is an abundant element, which occurs naturally in the form of sand. It can be 

refined well-established techniques of purification and crystal growth. Silicon also exhibits 
suitable physical properties for fabricating active devices with good electrical characteristics – 
moreover, silicon can be easily oxidized to form an excellent insulator, SiO2 (glass). 

This native oxide is useful for constructing capacitors and MOSFETs. It also serves as 
a diffusion barrier that can mask against the diffusion of unwanted impurities into nearby 
high-purity silicon material. This masking property of silicon oxide allows the electrical 
properties of silicon to be easily altered in predefined areas. Therefore, active and passive 
elements can be built on the same piece of material (or substrate). The components can then 
be interconnected using metal layers (similar to those used in printed-circuit boards) to form a 
so-called monolithic IC, which is essentially a single piece of material.

At present, silicon-based devices constitute over 95% of all semiconductor devices sold 
worldwide. The technology progressed during the early 1950s using germanium as the 
semiconductor material. However, germanium proved unsuitable in certain applications 
because of its property to exhibit high junction leakage current. The currents result from 
germanium’s relatively narrow bandgap (0.66 eV). For this reason, silicon (1.1 eV) became a 
practical substitute and has almost fully supplanted germanium as a material for solid-state 
device fabrication. Silicon devices can operate up to 150°C versus 100°C for germanium.

A sample of semiconductor in its purest form called intrinsic semiconductors. The 
impurities content in intrinsic semiconductor is very small, of the order of one part in 100 
million parts of semiconductor. In order to increase the conductivity of silicon material, a small 
amount of impurity atoms is doped into the silicon crystal lattice. 

The impurity added is called dopant. Doped semiconductor material is called extrinsic 
semiconductor. The impurity material having five valence electrons is called pentavalent 
atom. When this is added to an intrinsic semiconductor, it is called donor doping as each 
impurity atom donates one free electron to an intrinsic material. Such an impurity is called 
donor impurity. This creates an extrinsic semiconductor with large number of free electrons, 
called n-type semiconductor. 

Another type of impurity used is trivalent atom which has only three valance electrons. 
Such an impurity is called acceptor impurity. When this is added to an intrinsic semiconductor, 
it creates more holes and ready to accept an electron hence the doping is called acceptor doping. 

The resulting extrinsic semiconductor with large number of holes called p-type 
semiconductor. When n-type and p-type materials are brought together, the region where the 
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silicon change from n-type to p-type is called a junction. By arranging junction in certain 
physical structure and combining these with other physical structures, various semiconductor 
devices may be constructed, because integrated circuit manufacturing has so much leverage-a 
great number of parts can be built with a few standard manufacturing procedures – a great 
deal of effort has gone into improving IC manufacturing. In the 1990’s Gordon Moore, one of 
the industry pioneers, predicted that the number of transistors that could be manufactured on 
a chip would grow exponentially. His prediction, now known as Moore’s Law, was remarkably 
prescient. Moore’s ultimate prediction was transistor would double every 18 months, an 
estimate that has help up remarkably well. 

1.2. INTEGRATED CIRCUIT CLASSIFICATION
Table 1.1 shows the different classification of integrated circuit with its number of logic 

gates and suitable examples.
Table 1.1. Classification of Integrated circuit

Name Signification Year Number of 
Transistors

Number of 
Logic Gates Example

SSI Small-Scale 
Integration 1964 1 to 10 1 to 12 Logic gates

MSI Medium-Scale 
Integration 1968 10 to 500 13 to 99 Registers

LSI Large-Scale 
Integration 1971 500 to 9,999 100 to 9,999 Microprocessors

VLSI Very large-Scale 
Integration 1980 20,000 to 

1,000,000
10,000 to 
99,999 RAM processors

ULSI Ultra large-Scale 
Integration 1984 1,000,000 

and more
1,000,000 and 
more

Intel processors
(i3, i5 etc.)

1.3. VLSI TECHNOLOGY
Very Large-Scale Integration is a process of embedding or integrating hundreds of 

thousands of transistors on to a singular silicon semiconductor microchip. VLSI 
technology’s conception dates back to the late1970s when advanced level processor 
(computer) microchips were also in their development stages. Two of the most common VLSI 
devices are the microprocessor and the microcontroller.

VLSI refers to an integrated circuit technology with numerous devices on a single chip. 
The term originates, of course, in the 1970s, along with various other scale integration 
classifications based on the number of gates or transistors per IC.

The remarkable growth of the electronics industry is primarily due to the advances in large-
scale integration technologies. With the arrival of VLSI designs, the number of possibilities for 
ICs in control applications, telecommunications, high-performance computing and consumer 
electronics as a whole continues to rise.

Presently, technologies like smartphones and cellular communications afford unpre-
cedented portability, processing capabilities and application access due to VLSI technology. 
The forecast for this trend indicates a rapid increase as demands continue to increase.
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1.3.1. Advantages of VLSI Technology
	y Reduced size for circuits
	y Increased cost-effectiveness for devices
	y Improved performance in terms of the operating speed of circuits
	y Requires less power than discrete components
	y Higher device reliability
	y Requires less space and promotes miniaturization

1.4. DESIGN PROCESS OF VLSI IC
Overall, VLSI IC design incorporates two primary stages or parts namely front end design 

and back end design.

1.4.1. Front-end Design
This includes digital design using a hardware description language, for example, Verilog, 

System Verilog and VHDL. Furthermore, this stage encompasses design verification via 
simulation and other verification techniques. The entire process also incorporates designing, 
which starts with the gates and continues through to design for testability.
1.4.1.1.	Front-End Design Steps

The entire design process follows a step-by-step approach and the following are the front-
end design steps

Problem Specification 
This is a high-level interpretation of a system. We address the key parameters, such as 

design techniques, functionality, performance, fabrication technology and physical dimensions. 
The final specifications include the power, functionality, speed and size of the VLSI system.

Architecture Definition 
This includes fundamental specifications such as floating-point units and which system to 

use, such as RISC or CISC and ALU’s cache size.
Functional Design
This recognizes the vital functional units of a system and thus, enables identification of 

each unit’s physical and electrical specifications and interconnects requirements.
Logic Design
This step involves control flow, Boolean expressions, word width and register allocation.
Circuit Design
This step performs the realization of the circuit in the form of a netlist. Since this is a 

software step, it utilizes simulation to check the outcome.
Physical Design
In this step, we create the layout by converting the netlist into a geometrical depiction. 

This step also follows some preconceived static rules, such as the lambda rules, which afford 
precise details of the ratio spacing between components and size.

1.4.2. Back-End Design
This consists of characterization and CMOS library design. Additionally, it involves fault 

simulation and physical design.
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1.4.2.1.	Back-End Design Steps
The following are the back-end design steps for hardware development.
Wafer Processing
This step utilizes pure silicon melted in a pot at 1400°C. Then, a small seed comprising 

the required crystal orientation is injected into liquefied silicon and gradually pulled out, 1mm 
per minute. We manufacture the silicon crystal as a cylindrical ingot and cut it into discs or 
wafers before polishing and crystal orientation.

Lithography
This process (photolithography) includes masking with photo etching and a photographic 

mask. Next, we apply a photoresist film on the wafer. A photo aligner then aligns the wafer to 
a mask. Finally, we expose the wafer to ultraviolet light, thus highlighting the tracks through 
the mask.

Etching
Here, we selectively remove material from the surface of the wafer to produce patterns. 

With an etching mask to protect the essential parts of the material, we use additional plasma 
or chemicals to remove the remaining photoresist.

Ion Implantation
Here, we utilize a method to achieve a desired electrical characteristic in the semiconductor, 

i.e., a process of adding dopants. The process uses a beam of high-energy dopant ions to target 
precise areas of the wafer. The beam’s energy level determines the depth of wafer penetration.

Metallization
In this step, we apply a thin layer of aluminium over the entire wafer.
Assembly and Packaging
Every one of the wafers contains hundreds of chips. Therefore, we use a diamond saw to 

cut the wafers into single chips. Afterward, they receive electrical testing and we discard the 
failures. In contrast, those that pass receive a thorough visual inspection utilizing a microscope. 
Finally, we package the chips that pass the visual inspection as well as recheck them.

VLSI technology is ideally suited to the demands of today’s electronic devices and systems. 
With the ever-increasing demand for miniaturization, portability, performance, reliability and 
functionality, VLSI technology will continue to drive electronics advancement.

1.5. DESCRIPTION OF TRANSISTOR
The term transistor was derived from the words “Transfer” and “Resistor”. These two 

words describe the operation of transistor, which is the transfer of an input signal current from 
a low resistance circuit to a high resistance circuit. Transistor is a three-terminal device. The 
terminals are Collector, Emitter and Base. The base terminal is called a control terminal. It is 
called a bipolar transistor because in Bipolar Junction Transistor the conduction takes place 
due to both the charge carriers i.e. electrons and holes. If the conduction is due to only one 
type of charge carriers i.e. majority charge carriers, then the transistor is called as “Unipolar” 
transistor.

1.5.1. Advantages of Transistor 
	y Small in size and light weight.
	y Operate at low voltages.
	y Higher efficiency.
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	y Do not require any filament power.
	y Long life

1.5.2. Types of Transistors
There are two types of transistors, namely
	y P-N-P transistor
	y N-P-N transistor

1.5.3. P-N-P Transistors
P-N-P transistor is constructed by sandwiching a thin N type semiconductor between two 

P type semiconductors. The construction and symbol of P-N-P transistor is shown in Fig. 1.1(a) 
and Fig. 1.1(b) respectively. As shown in symbol of P-N-P transistor of Fig. 1.1(b), the emitter 
current flows into the emitter terminal. The majority charge carriers in P-N-P are holes and 
minority charge carriers are electrons.

PNP

JBE JCB

E

(Emitter)

B(Base)

(Collector)

C
E

B

C

Fig. 1.1.  (a) and (b) Construction and Symbol of P-N-P Transistor

1.5.4. N-P-N Transistor
N-P-N transistor is constructed by sandwiching a thin P type semiconductor between 

two N type semiconductors. The construction and symbol of N-P-N transistor is shown in  
Fig. 1.2(a) and Fig. 1.2 (b) respectively. As shown in symbol of N-P-N transistor of Fig. 1.2(b), 
the emitter current flows out of the emitter terminal.

NPN

JBE JCB

E

(Emitter)

B(Base)

(Collector)

C
E

B

C

Fig. 1.2.  (a) and (b) Construction and Symbol of N-P-N Transistor

1.5.5. Disadvantages of Transistor
	y Lower input impedance
	y Temperature dependence
	y Inherent variation of parameters

1.5.5.1.	Applications of Transistor
	y A transistor can be used to amplify current
	y The transistor can be used as switch
	y The transistor is a part of integrated circuits (IC)

1.6. DESCRIPTION OF MOSFET
A Metal Oxide Semiconductor Field-effect Transistor (MOSFET) is a Field-Effect 

Transistor (FET with an insulated gate) where the voltage determines the conductivity of 
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the device. It is used for switching or amplifying signals. The ability to change conductivity 
with the amount of applied voltage can be used for amplifying or switching electronic signals. 
MOSFETs are now even more common than BJTs (Bipolar Junction Transistors) in digital and 
analog circuits.

A MOSFET is by far the most common transistor in digital circuits, as hundreds of 
thousands or millions of them may be included in a memory chip or microprocessor. Since 
they can be made with either p-type or n-type semiconductors, complementary pairs of MOS 
transistors can be used to make switching circuits with very low power consumption, in the 
form of CMOS Logic.

1.6.1. Structure of MOSFET
It is a four-terminal device with Source (S), Drain (D), Gate (G), and body (B) 

terminals are shown in Fig. 1.3. The body (B) is frequently connected to the source terminal, 
reducing the terminals to three. It works by varying the width of a channel along which charge 
carriers flow (electrons or holes).

The charge carriers enter the channel at the source and exit via the drain. The width of 
the channel is controlled by the voltage on an electrode called Gate which is located between 
the source and the drain. It is insulated from the channel near an extremely thin layer of metal 
oxide.  A Metal-Insulator-Semiconductor Field-Effect Transistor or MISFET is a term almost 
synonymous with MOSFET. Another synonym is IGFET for the insulated-gate field-effect 
transistor.

D

G

S

n
p

n

Fig. 1.3.  Structure of MOSFET

1.6.2. Types of MOSFET
MOSFET works in two modes, they are ;
Depletion Mode
The transistor requires the Gate-Source voltage (VGS) to switch the device “OFF”. The 

depletion-mode MOSFET is equivalent to a “Normally Closed” switch.
Enhancement Mode
The transistor requires a Gate-Source voltage (VGS) to switch the device “ON”. The 

enhancement mode MOSFET is equivalent to a “Normally Open” switch.

1.6.3. Advantages of MOSFET
	y Voltage controlled device
	y Low gate losses
	y Parameters are less sensitive to junction temperature
	y No need for negative voltage during turn-off
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1.6.4. Disadvantages of MOSFET
	y MOSFET device have extreme sensitivity to electrostatic discharge (ESD) due to their 

insulated gate source regions.
	y The SiO2 insulated layer is extremely thin and can be easily punctured by an 

electrostatic discharge.
	y High-on-state drop as high as 10 V.
	y Lower off-state voltage capability
	y Unipolar voltage device

1.6.5. Applications of MOSFET
	y Used as Amplifiers.
	y Used in the applications of power electronics and switch mode power supplies
	y MOSFETs are used as oscillators in radio system.
	y Used in automobile sound systems and in sound reinforcement systems.

POINTS TO REMEMBER
	y Silicon is an abundant element, which occurs naturally in the form of sand. It can be 

refined well-established techniques of purification and crystal growth.
	y A sample of semiconductor in its purest form is called Intrinsic Semiconductors.
	y The impurity added is called dopant. Doped semiconductor material is called Extrinsic 

Semiconductor.
	y The impurity material having five valence electrons is called pentavalent atom, which 

results N type material.
	y The impurity material having three valence electrons is called trivalent atom, which 

results P type material.
	y Very large-scale integration is a process of embedding or integrating hundreds of 

thousands of transistors on to a singular silicon semiconductor microchip.
	y Two of the most common VLSI devices are the microprocessor and the microcontroller.
	y Presently, technologies like smartphones and cellular communications afford 

unprecedented portability, processing capabilities and application access due to VLSI 
technology.

	y Front end design includes digital design using a hardware description language, for 
example, Verilog, System Verilog, and VHDL.

	y Back end design consists of characterization and CMOS library design.
	y PNP transistor is constructed by sandwiching a thin N type semiconductor between 

two P type semiconductors.
	y NPN transistor is constructed by sandwiching a thin P type semiconductor between 

two N type semiconductors.
	y A Metal Oxide Semiconductor Field-effect Transistor (MOSFET, MOS-FET, or 

MOS FET) is a field-effect transistor (FET with an insulated gate) where the voltage 
determines the conductivity of the device.

	y It is a four-terminal device with Source (S), Drain (D), Gate (G) and body (B) terminals.
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REVIEW QUESTIONS

PART-A
	 1.	 What do you mean by silicon semiconductor technology?
	 2.	 Draw the table of integrated circuit classification.
	 3.	 Write a short note on VLSI technology.
	 4.	 List the advantages of VLSI technology.
	 5.	 Define front end design.
	 6.	 What is back-end design?
	 7.	 What do you mean by transistor?
	 8.	 Write the types of transistors.
	 9.	 Draw the symbols of  NPN and PNP transistors.
	 10.	 Write a short not on MOSFET.
	 11.	 What are the types of MOSFET?
	 13.	 List the applications of MOSFET.

PART-B
	 1.	 Elucidate in detail about the overview of silicon semiconductor technology.
	 2.	 Enumerate on the VLSI technology with its advantages.
	 3.	 Discuss in detail about the design process involved in front end design process.
	 4.	 Describe about the design process involved in back-end design process.
	 5.	 Illustrate the construction and symbol of transistor with suitable diagram.
	 6.	 With suitable diagram, explain in detail about the structure and working of MOSFET.
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