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Abstract— This paper aims to explore the semiconductor
manufacturing process and to outline how India can
integrate large-scale chip manufacturing into its
economy. It explains key processes like wafer
fabrication, lithography, and packaging, going into detail
about one of the most complex and sophisticated
manufacturing processes. The paper then examines how
India’s expertise in software and design, as well as its
government initiatives to support the integration of chip
manufacturing into the economy, have given rise to large
projects by big organizations like Tata Electronics and
Foxconn. Finally, it gives a concise roadmap on how
India can strategically cement itself as one of the global
hubs for semiconductor manufacturing through
consistent policies, proper investments, and international
collaboration.

Index Terms—Advanced Packaging, India

Semiconductor Mission, Semiconductor Fabrication,
Wafer Lithography.

[. INTRODUCTION

Semiconductors are the most integral parts of modern-
day devices. Every smartphone, satellite, car or
supercomputer relies on microscopic transistors that
are imprinted into chips that support processing and
management. These chips are now the “new oil” of the
global economy, causing not only technological
advancements but also leading to geopolitical
competition. However, the creation of even one of
these chips requires one of the most sophisticated and
intricate manufacturing processes. This process
combines atomic-level precision, a clean environment,
extremely advanced optics, and billions of dollars in
capital investment.

Countries such as Taiwan, South Korea, and Japan
have long dominated the chip manufacturing industry,
while India, despite its incredible technological
process, has always been on the outside of this
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extremely vital industry. However, in current times,
there have been several global efforts to reduce this
dependence on East Asian manufacturers. At this
point, India stands at a crossroads. Equipped with
incredible engineering talent, a growing electronics
market, and a lot of government support and
investment, India is laying the groundwork to insert
itself in this industry of semiconductor ecosystems.
This paper will explore the complex processes behind
the production and manufacture of semiconductor
chips and also provide a roadmap for how India can
integrate chip manufacturing into its economy.[4]

II. THE MANUFACTURING PROCESS

A. Preparing the wafer

The production of every semiconductor chip starts
with sand, more specifically, silicon dioxide. Through
a series of chemical and thermomechanical processes,
pure silicone is extracted and melted at extremely high
temperatures. By using the Czochralski method, a
small seed crystal of silicon is dipped into this molten
silicon, and after that, it is slowly rotated and pulled
upwards to form a cylindrical single crystal, which is
known as an ingot. This ingot is then sliced into a thin
wafer, which can be as small as 300 millimeters in
diameter and less than a millimeter thick, and is then
polished to achieve atomic-level smoothness.

Each of these wafers is the base for thousands of chips.
Before creating any circuits, the wafer is cleaned using
ultrapure water to remove any microscopic impurities.
Even a singular speck of dust can lead to the whole
wafer being discarded, which is why the
manufacturing process always takes place in
cleanrooms that have less than 10 particles per cubic
meter, which is hundreds of times cleaner than a
hospital operating room.[1]
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B. Building the transistors

The blank wafer is then transformed into a network of
transistors, capacitors and resistors which are
responsible for performing logic and memory
functions. For this transformation to take place, the
wafer goes through multiple cycles of film deposition,
photolithography, etching, doping, and planarization.
Film deposition is the process of laying down thin
layers of silicon dioxide, silicon nitride, or metal
conductors using different techniques like chemical
vapor deposition, physical vapor deposition, or atomic
layer deposition. Each one of these layers has a very
specific function, acting as a conductor, insulator or
gate dielectric, respectively.[2]

Then, through photolithography, intricate patterns are
defined on the wafer that will then serve as the
transistor structures. The wafer is first coated with a
light-sensitive chemical called photoresist, which is
then exposed to UV light through a photomask that
contains the pattern to be imprinted. When this
develops, the photoresist dissolves, leaving behind the
blueprint for the structure on the surface of the wafer.
Advanced fabs now wuse Extreme Ultraviolet
lithography, which uses light with a very small
wavelength of 13.5 nanometers,[1] enabling it to
define features that are measured in tens of atoms.
After that, the process of etching is performed to
remove any unwanted material from the wafer by
using plasma or any reactive gases. This will leave
behind only the required microstructures. Then, ion
implantation is performed, in which dopant atoms like
boron or phosphorus are shot onto specific areas of the
silicon lattice in order to change its electrical
properties. These areas then form the p-type and the n-
type areas, which make up the transistors. Finally,
chemical-mechanical planarization polishes the wafer
to a smooth surface [2] to prepare it for the next layer.
This process takes place more than a hundred times in
order to make as many as a billion transistors, which
are interconnected across many levels. A completed
wafer can contain more than a thousand identical ties,
each of which is a fully functional circuit.

C. Assembly, Testing and Packaging

Once the building process is complete, the wafer will
go through back-end processing, which is where it is
cut, assembled, tested and packaged. The wafer is
sliced into individual rectangular chips, which are
called dies. This is done by using high-precision layers
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or diamond saws. Every one of these dies is then tested
to check for any defects before packaging.

The packaging is both for protection and for electrical
functions. It protects the extremely fragile from any
external damage while providing metal leads or solder
balls that connect it to printed circuit boards.
Traditional packages like Dual Inline Packages and
Ball Grid Arrays have evolved into much more
advanced packaging technologies such as 2.5D and 3D
integration. In 2.5D packaging, the dies are placed
next to each other on a silicon interposer [3], while in
3D packaging, the dies are piled on top of each other
and connected through Through-Silicon Vias. These
methods enable faster data transfer, less power usage,
and better performance.

After packaging, each chip goes through a series of
tests to ensure that it is reliable under various electrical
and thermal conditions. Only chips that meet these
strict standards are shipped to be used in consumer
electronics or data centers.

III. GLOBAL SEMICONDUCTOR ECOSYSTEM

The semiconductor industry is a global ecosystem that
contains many specialized sectors. Equipment
manufacturers such as ASML, Lam Research, and
KLA produce the machines that are used in the
semiconductor manufacturing process.[1],[2]
Companies such as TSMC, Samsung, and Intel
actually fabricate chips for companies without a
fabrication plant, such as Qualcomm, AMD, and
NVIDIA. Additionally, there are also Outsourced
Semiconductor Assembly and Test companies that
manage the processes of packaging and testing at
scale. Some examples include ASE Group and
Amkor.[3]

This system has made the process of chip production
efficient, but this is also very geopolitically fragile, as
there is a very heavy supply chain dependence on East
Asia, more specifically Taiwan, which is responsible
for manufacturing around 60% of the world’s
semiconductors and more than 90% of the most
advanced nodes.[8] This could be severely impacted
due to issues like pandemics, trade wars and national
disasters, due to the extreme overconcentration of
these companies in East Asia. Due to this, many
countries, including the U.S., EU members, and now
India, are investing heavily to develop semiconductor
ecosystems domestically.[4]
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IV.INDIA’S CURRENT POSITION AND
GOVERNMENT INITIATIVES

India is more well-versed in the design and software
rather than the fabrication process. Many large firms,
like Intel, Qualcomm, and AMD, already have huge
R&D centers in the software hubs of India like
Bengaluru, Hyderabad and Noida. However, there is a
noticeable absence of fabrication and proper
packaging infrastructure in India that has prevented it
from gaining a bigger foothold in the global
semiconductor industry.

To bridge this gap, the Indian Government has
launched an initiative known as the India
Semiconductor Mission in 2021, which provided 50%
fiscal support for semiconductor and display
manufacturing projects. There is also another initiative
called the Design-Linked Incentive, which aims to
support indigenous design startups.[4] Many major
projects have been announced after the launch of these
initiatives. For example, Micron Technology is setting
up an Assembly, Testing, Parking and Packaging
facility in Gujarat,[S] while Tata Electronics is
partnering with Power chip Semiconductor
Manufacturing Organisation to build a fabrication
plant in Dholera.[6] Furthermore, a Foxconn-HCL
joint venture is also establishing a packaging and
driver-IC plant in Uttar Pradesh.[7] These show that
India is progressing towards achieving self-reliance in
the field of semiconductor production.

V. A ROADMAP FOR INTEGRATING
SEMICONDUCTOR PRODUCTION IN INDIA

India’s integration into the semiconductor supply
chain must be a phased and strategic process. In the
short term, India should simply focus on strengthening
their back-end manufacturing units and design hubs.
Building high-quality Outsources Semiconductor
Assembly and Testing companies can attract a lot of
suppliers aiming to provide materials like photoresists,
chemicals, and gases, which will lay the foundation for
an independent domestic semiconductor ecosystem.
Another important step will be building partnerships
with tool manufacturers like ASML or KLA in order
to gain the technological expertise needed to manage
yield and process control.[1],[2] Another priority
should be improving infrastructure to ensure that there
are an uninterrupted power supply, stable logistics and
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access to ultrapure water, as these are essential parts
of the semiconductor manufacturing process.

In the medium term, India should focus on building
mature node-foundries, which are fabrication plants
that operate at 90nm, 65nm, 45nm and 28nm
technologies. While these nodes are not cutting-edge,
they are enough for automotive, defense and industrial
devices, all of which, when combined, form a large
part of global chip demand. India should also focus on
investing more in fabrication, which uses materials
such as gallium nitride or silicon carbide, so that it will
be able to access fast-growing markets like renewable
energy, EVs, and 5G infrastructure.

In the long term, India should focus on trying to
become a global hub for advanced packaging and
integration. As chip design moves in the direction of
modular chipset architecture, which is where multiple
specialized dies are combined into a single system-in-
package, countries with strong packaging facilities
will gain a stronger foothold in the global economy.[3]
Over time, India can also introduce limited EUV
lithography modules for critical layers in advanced
chips, which will prepare India for cutting-edge
technologies, all while managing capital expenditure
effectively.

VI. CHALLENGES AND OPPORTUNITIES

Building a semiconductor ecosystem is no easy job.
Each advanced fabrication plant will cost between 10-
so billion USD, and will also require several years of
construction, constant utilities and highly skilled
workers. There are also a lot of technological barriers
present in the form of acquiring manufacturing
equipment and materials, which are primarily
controlled by a few countries, namely the United
States, the Netherlands and Japan. Moreover, there is
also a global shortage of experienced semiconductor
engineers, which will pose a significant problem in
terms of the limited workforce that India would have
to tackle through special educational and training
programs.

However, the opportunity is too good to pass up.
India’s own domestic demand for electronics is
predicted to grow to over 400 billion USD by 2030,
providing an excellent internal market for chips.
Additionally, the global effort to diversify supply
chains away from East Asia due to overconcentration
portrays India as a neutral and reliable partner.[8] If
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India continues with this level of investment, policy
continuity and global collaboration, it could not only
achieve chip self-reliance but also emerge as a
significant supplier of semiconductor chips in the
future.

VII. CONCLUSION

The production of semiconductor chips shows the
height of technological precision and global
cooperation. For India, entering this field could be a
matter of national strategy, and through initiatives like
the India Semiconductor Mission and the Design-
Linked Scheme, which have led to projects being
launched by Tata, Micron, and Foxconn, India has
already taken the first few steps towards a new era of
high-tech manufacturing. By first focusing on backend
production and then gradually expanding to front-end
fabrication, India can cement itself as a major player
in the global semiconductor supply chain.

While this process will be challenging, the rewards are
worth it as India can gain technological independence,
enable job creation, and global competitiveness. If
India successfully aligns government policy,
investments, and technical expertise, it will play a
major role in reshaping the world’s digital future.
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