
                

PAPER III – SCIENCE & TECHNOLOGY 

UNDERSTANDING SEMICONDUCTORS AND INDIA'S 

STRATEGIC MEASURES 

 

What 

Are 

Semiconductors? 

Semiconductors are materials with electrical conductivity between that of a conductor and an 

insulator. They are the cornerstone of modern electronics, as they can be precisely controlled to 

allow or block electrical current, making them essential for building electronic circuits and 

devices. The most common semiconductor materials are silicon and germanium. 

Key Properties: 

Conductivity: Semiconductors can be engineered to have varying levels of electrical 

conductivity. This property is used to control the flow of electricity in electronic devices. 

Band Gap: The band gap of a semiconductor is the energy difference between the valence 

band and the conduction band. This gap determines the material's ability to conduct electricity. 

Semiconductors have a band gap that allows them to act as insulators at low temperatures but 

conduct electricity at higher temperatures or when doped with other materials. 



Doping: The process of adding impurities to a semiconductor to change its electrical 

properties. This process creates either n-type (excess electrons) or p-type (holes) semiconductors, 

which are essential for creating semiconductor devices like diodes and transistors. 

Types of Semiconductors: 

Intrinsic Semiconductors: Pure materials like silicon and germanium. 

Extrinsic Semiconductors: Doped semiconductors where impurities have been added to 

modify electrical properties. 

Technology Significance of Semiconductors 

Semiconductors are critical for modern technology and have transformed virtually every aspect 

of daily life. Their significance lies in their ability to manage electrical currents in sophisticated 

ways, enabling the functionality of various electronic devices. 

Technology Importance: 

• Transistors: Semiconductors form the basis of transistors, which are the fundamental 

building blocks of modern electronic devices. Transistors act as switches or amplifiers 

and are used in everything from computers to mobile phones. 

• Integrated Circuits (ICs): Semiconductors are used to manufacture ICs, which are 

assemblies of electronic components on a single chip. ICs are crucial for miniaturizing 

electronic devices and increasing their functionality. 

• Microprocessors and Memory Chips: Modern computers and smartphones rely 

on microprocessors and memory chips made from semiconductor materials. These chips 

perform complex calculations and store vast amounts of data. 

Advancements and Innovation: 

• Moore's Law: This principle predicts that the number of transistors on a microchip 

doubles approximately every two years, leading to exponential computing power 

increases and cost decreases. This trend has driven the rapid advancement of technology. 



• Nanotechnology: The development of smaller and more efficient semiconductor 

components, such as those in the nanometre range, has led to advancements in computing 

power and energy efficiency. 

3. Uses of Semiconductors 

Semiconductors are used in a wide range of applications across various industries due to their 

ability to control electrical currents. Key uses include: 

Consumer Electronics: 

• Computers and Smartphones: Semiconductors are used in processors, memory 

chips, and storage devices. They enable high-speed computing, internet connectivity, and 

multimedia functions. 

• Televisions and Radios: Semiconductors are integral to the functioning of digital 

displays, signal processing, and audio amplification. 

Automotive Industry: 

• Electronic Control Units (ECUs): Semiconductors control various automotive 

functions, including engine management, safety systems, and infotainment systems. 

• Electric Vehicles (EVs): Advanced semiconductor technologies are used in power 

management systems, battery management, and electric drivetrains. 

Telecommunications: 

• Networking Equipment: Semiconductors are used in routers, switches, and base 

stations to manage and transmit data across networks. 

• Signal Processing: They enable high-speed data processing and communication in 

both wired and wireless systems. 

Healthcare: 

• Medical Devices: Semiconductors are used in diagnostic equipment, imaging devices, 

and patient monitoring systems. They enhance the precision and functionality of medical 

technologies. 



Industrial Applications: 

• Automation: Semiconductors are used in industrial control systems, sensors, and 

robotics to improve efficiency and reliability in manufacturing processes. 

• Energy Management: They play a role in managing and optimizing energy 

consumption in various applications, including renewable energy systems. 

4. Measures Taken by the Government of India to Promote Semiconductor 

Manufacturing 

The Indian government has recognized the strategic importance of semiconductor manufacturing 

and has undertaken several initiatives to promote the development of a domestic semiconductor 

ecosystem. Here are the key measures: 

1. India Semiconductor Mission (ISM): Launched in 2021, the ISM is a comprehensive 

program with a financial outlay of ₹76,000 crore aimed at fostering semiconductor and display 

manufacturing in India. The mission includes: 

• Scheme for Semiconductor Fabs: Provides fiscal support to set up semiconductor 

wafer fabrication facilities. 

• Scheme for Display Fabs: Supports the establishment of display fabrication 

facilities, including TFT LCD and AMOLED displays. 

• Scheme for Compound Semiconductors: Offers financial incentives for setting 

up compound semiconductors, silicon photonics, sensors fabs, and semiconductor 

assembly, testing, marking, and packaging (ATMP) facilities. 

• Design Linked Incentive (DLI) Scheme: Provides financial incentives and 

support for semiconductor design development. 

2. Specific Semiconductor Projects:  

The Indian government has approved several semiconductor projects under the ISM, including: 

• Tata Electronics and Powerchip Semiconductor Manufacturing Corp 

(PSMC): Tata Electronics will set up a semiconductor fab in Dholera, Gujarat, with an 

investment of ₹91,000 crore. This facility will focus on high-performance compute chips 

and power management chips. 



• Tata Semiconductor Assembly and Test Pvt Ltd (TSAT): This unit, located 

in Morigaon, Assam, will specialize in semiconductor packaging technologies with an 

investment of ₹27,000 crore. 

• CG Power and Renesas Electronics: In Sanand, Gujarat, CG Power will 

collaborate with Renesas Electronics and Stars Microelectronics to establish a specialized 

semiconductor unit with an investment of ₹7,600 crore. 

3. Infrastructure and Ecosystem Development: The government is investing in 

infrastructure to support semiconductor manufacturing, including reliable power supply, water 

resources, and skilled labor. Developing a robust ecosystem involves fostering research and 

development, enhancing supply chain management, and supporting technological upgradation. 

4. Financial Incentives: The Indian government is offering various financial incentives, 

including subsidies, tax breaks, and low-interest loans to attract investment in semiconductor 

manufacturing. These measures aim to offset the high capital expenditure required for setting up 

semiconductor facilities. 

5. Collaboration and International Partnerships: India is seeking to forge 

partnerships with global semiconductor companies to bring advanced technology and expertise 

to the country. Collaborations with international firms are crucial for technology transfer and 

accessing global markets. 

6. Addressing Challenges: The government is addressing key challenges in semiconductor 

manufacturing, such as infrastructure development, supply chain management, and workforce 

training. Initiatives include developing specialized training programs and investing in cutting-

edge research. 

Conclusion: 

The semiconductor industry is vital for technological advancement and economic growth. India's 

strategic focus on semiconductor manufacturing through the India Semiconductor Mission and 

specific projects aims to position the country as a global player in this critical sector. By 

investing in infrastructure, fostering innovation, and attracting international partnerships, India 

seeks to build a robust semiconductor ecosystem that supports its long-term economic and 

technological goals. 

 

 

 



MAIN PRACTICE QUESTIONS 

1.Discuss the strategic significance of establishing a domestic semiconductor manufacturing 

ecosystem for India. How does the India Semiconductor Mission (ISM) aim to achieve this 

goal, and what are the potential economic and technological impacts for the country? 

2.Analyze the challenges faced by India in its efforts to develop a robust semiconductor 

manufacturing sector. How do infrastructure, supply chain management, and technology 

upgradation impact the growth of this industry, and what measures can be taken to 

address these issues effectively? 

 

ANSWER 

1. Discuss the strategic significance of establishing a domestic semiconductor 

manufacturing ecosystem for India. How does the India Semiconductor Mission (ISM) aim 

to achieve this goal, and what are the potential economic and technological impacts for the 

country? 

Establishing a domestic semiconductor manufacturing ecosystem holds immense strategic 

significance for India. Semiconductors are critical components in a wide range of electronic 

devices, from consumer electronics to advanced industrial systems. By developing a robust 

domestic semiconductor industry, India aims to reduce its dependence on foreign suppliers, 

thereby enhancing its technological sovereignty and ensuring supply chain security. This move is 

also essential in the context of geopolitical tensions and trade uncertainties that could disrupt 

global supply chains. 

The India Semiconductor Mission (ISM), launched in 2021 with a substantial financial outlay of 

₹76,000 crore, is designed to foster a comprehensive semiconductor and display manufacturing 

ecosystem within the country. The ISM provides fiscal support to companies investing in 

semiconductor fabs, display fabs, and related facilities. It aims to attract large investments by 

offering incentives such as a 50% subsidy on project costs for semiconductor fabs and support 

for advanced packaging technologies. 

The potential economic impacts are significant. The establishment of semiconductor units is 

expected to create numerous high-skilled jobs and attract substantial foreign investment. 

Economically, it will contribute to the growth of ancillary industries, such as electronics 

manufacturing and automotive sectors. Technologically, it will enhance India's capabilities in 

chip design and fabrication, making the country a competitive player in the global semiconductor 

market. This development aligns with India’s vision of becoming a key player in the electronics 

supply chain, reducing reliance on imports, particularly from dominant players like China, and 

boosting self-reliance in critical technology areas. 

2. Analyze the challenges faced by India in its efforts to develop a robust semiconductor 

manufacturing sector. How do infrastructure, supply chain management, and technology 



upgradation impact the growth of this industry, and what measures can be taken to 

address these issues effectively? 

India faces several challenges in its efforts to establish a robust semiconductor manufacturing 

sector.  

Key issues include: 

1. Infrastructure Development: Semiconductor manufacturing requires advanced 

infrastructure, including reliable power supplies, water resources, and efficient 

transportation networks. The absence of well-developed infrastructure can impede the 

establishment and operation of semiconductor fabs. Investments in infrastructure are 

crucial to support the demands of semiconductor production, which is highly sensitive to 

environmental and logistical factors. 

2. Supply Chain Management: Developing a resilient supply chain for 

semiconductor manufacturing is complex. Challenges include securing a steady supply of 

raw materials, managing logistics effectively, and minimizing disruptions. The 

semiconductor supply chain is global and fragmented, making it difficult to ensure the 

timely availability of components and materials. 

3. Technology Upgradation: The semiconductor industry evolves rapidly, requiring 

continuous investment in research and development (R&D). Upgrading technology to 

stay competitive demands significant financial resources and access to cutting-edge 

innovations. Keeping pace with global standards necessitates ongoing R&D efforts and 

technological advancements. 

To address these challenges effectively, several measures can be taken: 

• Infrastructure Development: Governments and industry stakeholders should 

collaborate on investing in necessary infrastructure tailored to semiconductor 

manufacturing needs. Public-private partnerships can be instrumental in building and 

maintaining critical infrastructure. 

• Advanced Supply Chain Practices: Implementing sophisticated supply chain 

management practices, such as Just-In-Time inventory systems and developing strategic 

partnerships with suppliers, can enhance efficiency and resilience. Establishing local 



supply chains and diversifying sources can also reduce dependency on international 

suppliers. 

• Investment in R&D: Encouraging substantial investment in R&D and fostering 

collaboration between industry, academia, and research institutions can drive 

technological innovation. Creating innovation hubs and technology parks can facilitate 

the development and commercialization of advanced semiconductor technologies. 

• Skilled Workforce Development: Developing targeted training programs and 

educational initiatives focused on semiconductor technology is essential to address the 

shortage of skilled professionals. Collaborations with academic institutions and industry 

experts can help in building a skilled workforce. 

By addressing these challenges through strategic investments and collaborative efforts, India can 

strengthen its semiconductor manufacturing sector and position itself as a significant player in 

the global semiconductor industry. 

 


