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ABSTRACT

The United States remains heavily dependent on foreign sources for advanced
semiconductors (SCs), posing national security risks. This thesis examines how the
Creating Helpful Incentives to Produce Semiconductors (CHIPS) and Science Act
addresses vulnerabilities by promoting domestic production, focusing on Intel’s strategic
response. It analyzes Intel’s integrated device manufacturing (IDM) 2.0 strategy, its
efforts to expand U.S.-based fabrication, and challenges in achieving high-volume,
leading-edge manufacturing for external customers. The study uses policy analysis,
industry reports, and case comparisons to assess Intel’s role in reducing foreign
reliance. Findings show that Intel’s expansion—supported by federal incentives—
improves resilience, but U.S. capacity remains insufficient to meet domestic
demand. Complete independence is unrealistic due to reliance on global supply
chains for rare earth elements, back-end processing, and critical minerals. The research
highlights China’s influence on the global value chain and risks from geopolitical
tensions. It recommends sustained government investment, workforce development,
and international cooperation to strengthen security and competitiveness. This thesis
informs U.S. SC policy by mapping vulnerabilities and offering policy paths to reinforce

defense-related technology supply chains.
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I. INTRODUCTION

Recent advancements and policy measures, such as the Creating Helpful Incentives
to Produce Semiconductors (CHIPS) Act, highlight the United States’ strategic effort to
strengthen its semiconductor (SC) industry amidst increasing global competition and
supply chain vulnerabilities. This chapter explores the role of SCs in national security, the
challenges facing the industry’s supply chain, and the potential impact of Intel’s expansion

initiatives, supported by the CHIPS Act.

A. OVERVIEW OF THE SEMICONDUCTOR INDUSTRY AND ITS
STRATEGIC IMPORTANCE

The SC industry is a cornerstone of modern technology, powering everything from
consumer electronics to advanced military systems. As a previous leading player in this
industry, Intel was once at the forefront of SC innovation and manufacturing (Miller, 2022,
p. 266). However, the complexities of the global supply chain and recent geopolitical
events have posed significant challenges to Intel’s—and the entire industry’s—stability

and growth (Wafer World, 2024).

1. The Role of Semiconductors in National Security

The Department of Defense (DoD) uses SCs in various critical military
technologies, including communication systems, surveillance equipment, and weapons
systems. A secure and reliable supply of these components is crucial for maintaining
technological superiority and national security. Any disruption in the supply chain can have

profound implications for defense capabilities.

2. Current Challenges in the Semiconductor Supply Chain

Several factors have contributed to the fragility of the SC supply chain:

o Global shortages: A fire at a Renesas Electronics factory in Japan disrupted the
supply of automotive chips, which affected Intel’s supply chain and forced the
company to adjust its production schedules (Kelion, 2021). Additionally, the
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COVID-19 pandemic exacerbated an already strained supply chain, leading to
widespread shortages and delays in SC production (Fioramonti, 2021).

o Specialization: The SC supply chain has become increasingly complex due to the
high degree of specialization in each manufacturing component, leading to
interdependencies that can amplify disruptions if any single link in the chain

experiences issues (Ji et al., 2023a, 2023b).

o Dependence on foreign manufacturing: A significant portion of SC manufacturing
is concentrated in a few regions, such as East Asia, making the supply chain

vulnerable to regional disruptions (Akayama et al., 2024; Miller, 2022).

3. The Creating Helpful Incentives to Produce Semiconductors Act

The U.S. government enacted the CHIPS and Science Act of 2022 to revitalize
domestic SC manufacturing in response to these challenges. The act provides substantial
funding and incentives to encourage companies like Intel to expand their manufacturing
capabilities within the United States. By boosting domestic production, the CHIPS Act
seeks to reduce reliance on foreign suppliers and enhance the security and resilience of the
U.S. SC supply chain. However, recent reports indicate that the Trump administration has
made significant staff cuts at the National Institute of Standards and Technology, which

could impact the administration and distribution of CHIPS Act funds (Maruccia, 2025).

4. Intel’s Position and Potential Impact

As one of the most established and technologically advanced SC manufacturers,
Intel has benefited significantly from the CHIPS Act. The company has begun constructing
new manufacturing facilities and upgrading existing ones with CHIPS Act incentives (U.S.
Department of Commerce, 2024c¢). As of March 2025, Intel has received $2.2 billion of its
$7.8 billion in CHIPS Act funding (Filby, 2025b). These expansions are expected to
increase Intel’s production capacity, potentially stabilizing the supply chain and supporting
national security objectives (U.S. Department of Commerce, 2024c). However, Intel’s

Ohio manufacturing facility, which was supposed to open in 2026, is now expected to open
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by 2030 or later (Subin, 2025; Filby, 2025b). This delay raises questions about the timeline

for these expansions and their broader impact on the industry.

5. Assessing the Impact

Understanding how quickly and effectively Intel can achieve production of leading-
edge chips with the benefit of the CHIPS Act is crucial for assessing the potential benefits
to the DoD and the overall SC market (Donaldson, 2024). Recent developments, including
potential changes to the CHIPS Act under the Trump administration and Intel’s delayed
expansion plans, add complexity to this evaluation (Dumas, 2025). This thesis aims to
address these questions by evaluating Intel’s current manufacturing capabilities, analyzing
the impact of the CHIPS Act on the company’s capacity expansion, and assessing the
broader implications, including how Intel’s growth could enhance the DoD’s technological
edge and strengthen national security, while also influencing global SC supply chain

dynamics.

B. THE NEED TO ASSESS THE IMPACT OF THE CHIPS ACT ON
INTEL’S MANUFACTURING CAPACITY AND U.S. RELIANCE ON
CHINA

The enactment of the CHIPS Act represents a pivotal moment for the SC industry,
particularly for Intel (Sutter, 2023). This thesis aims to assess the immediate and projected
impact of the CHIPS Act on Intel’s manufacturing capacity, focusing on how it may reduce
the U.S.’s reliance on China for SC production. Given the strategic importance of SCs to
national security, understanding the implications of this shift is crucial for assessing the

potential benefits to DoD and the broader SC market.

C. MAIN OBJECTIVES OF THIS STUDY

The primary objective of this study is to assess the impact of the CHIPS Act on
Intel’s SC manufacturing capacity and its implications for U.S. national security. First, the
study evaluates Intel’s existing manufacturing capabilities, focusing on technological
advancements and current production strengths, including leading-edge process

technologies and innovative material integration.
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Second, it analyzes the CHIPS Act’s specific incentives and support mechanisms
for Intel. This includes identifying financial grants, tax incentives, and regulatory support
to enhance Intel’s manufacturing capabilities. Additionally, the study determines how these
incentives are expected to influence Intel’s capacity expansion plans, critically assessing

their effectiveness.

Third, the study assesses Intel’s planned capacity expansions, including projected
increases in production capability. This involves developing a detailed timeline for Intel’s
expansion efforts, highlighting key milestones, potential challenges, and mitigation
strategies. This evaluation will thoroughly analyze the logistical, financial, and regulatory

hurdles that might impact the expansion process.

Fourth, the study examines the impact of Intel’s increased capacity on the SC
industry, including market dynamics, competition, and innovation. It examines the
potential impact of Intel’s expansion on supply and demand within the global market, the
competitive landscape among SC manufacturers, and the pace of technological

advancements.

Fifth, the study analyzes the strategic importance of Intel’s capacity expansion for
U.S. national security. This includes identifying potential risks to national security if Intel’s
expansion efforts are delayed or disrupted and providing recommendations for mitigating
these risks and enhancing supply chain resilience. The study assesses how securing a stable
supply of domestically produced SCs can support defense capabilities and reduce

vulnerabilities in critical infrastructure.

Lastly, the study develops actionable policy recommendations for the DoD and
other stakeholders. These recommendations support Intel’s expansion of its manufacturing
capacity and ensure a secure, resilient supply chain for critical microelectronics. The study
provides insights into how government and industry can collaborate to address the

challenges and opportunities presented by the CHIPS Act.
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D. RESEARCH QUESTIONS

This study addresses several critical research questions to understand the impact of
the CHIPS Act on Intel’s manufacturing capacity and its broader implications. The primary
research question is, “How does the CHIPS Act impact Intel’s manufacturing capacity, and
how can increased domestic production reduce U.S. reliance on China in the SC supply
chain while enhancing national security?” This question is central to understanding the
potential of the CHIPS Act to shift the balance of global SC production and strengthen U.S.

technological leadership.

The secondary research question is, “What are the challenges and risks of Intel’s
capacity expansion under the CHIPS Act?” It identifies these challenges and develops
strategies to mitigate them, ensuring a resilient and secure SC supply chain for the U.S.
This includes examining potential bottlenecks in the supply chain, workforce development

issues, and environmental impacts that could hinder Intel’s expansion efforts.

The third research question is, “How does Intel’s capacity expansion under the
CHIPS Act influence broader SC market dynamics and domestic and global competition?”
This involves analyzing how increased domestic production capacity affects market share,
pricing, innovation, and the competitive landscape among major global SC manufacturers.
Understanding these dynamics is crucial for assessing the long-term impact of the CHIPS

Act on the worldwide SC industry and U.S. competitiveness.

Together, these research questions guide the investigation into the effectiveness of
the CHIPS Act and its potential to reshape the U.S. SC landscape and national security
posture. The answers to these questions provide valuable insights for policymakers,
industry leaders, and stakeholders aiming to enhance the resilience and security of the SC

supply chain.

E. RELEVANCE OF THE RESEARCH TO NATIONAL SECURITY AND
INDUSTRY DYNAMICS

The DoD requires a secure and stable supply of SCs to support its critical operations
and maintain technological superiority (Office of the Deputy Secretary of Defense, 2022).

However, the current landscape of SC manufacturing presents significant challenges. Two

ACQUISITION RESEARCH PROGRAM
DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL




foreign-owned companies dominate the advanced SC manufacturing capability critical to
U.S. national security and technological advancement (Blevins et al., 2020, p. 25). This
dependency on foreign entities presents considerable supply chain and national security
risks. Intel represents a crucial opportunity to onshore these capabilities within the United
States, supported by the CHIPS Act incentives. This thesis explores how Intel’s expansion

can enhance domestic manufacturing capacity and reduce reliance on foreign suppliers.

A 2024 Reuters article highlights Intel’s past dominance in the chip manufacturing
industry, particularly in the 1990s, with its Pentium microprocessors and partnership with
Microsoft (Randewich et al., 2024). The same report notes that Intel missed key
opportunities with the iPhone and later failed to adopt extreme ultraviolet (EUV) light
technology in the 2010s. As Intel’s market position weakened, so did the personal computer
(PC) industry, as Randewich et al. explained. By 2017, Samsung, based in South Korea,
had overtaken Intel as the world’s largest chip maker, while Taiwan Semiconductor
Manufacturing Company (TSMC) led in cutting-edge manufacturing technology. Growth
in the SC industry was focused increasingly on graphics processing units (GPUs) rather
than the computer processing units (CPUs) that Intel specialized in (Randewich et al.,
2024). In response to this competitive shift, Intel appointed Pat Gelsinger, chief executive
officer (CEO). As reported by Randewich et al., he introduced an ambitious plan called
“five nodes in four years” (SN4Y). The plan aimed to restore Intel’s leadership in chip
manufacturing, requiring significant investment in research and development (R&D) and
new production facilities. As the only U.S.-based SC manufacturer, Intel’s efforts aligned

closely with national security objectives (Biden, 2022).

The CHIPS Act aims to bolster domestic SC manufacturing by incentivizing and
supporting domestic SC manufacturers. Despite these efforts, several questions remain

unanswered:

o Timeline uncertainty: The projected timeline for Intel’s capacity expansion
under the CHIPS Act is unclear, making it difficult to predict when the benefits of
the Act will fully materialize (Donaldson, 2024).
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o Industry impact: Intel’s ability to ramp up production has significant
implications for the broader SC industry, including market dynamics and

competition (Priyadarshi, 2024).

o National security concerns: Given the strategic significance of SCs, any reliance
on foreign packaging or interruptions in Intel’s capacity expansion could pose an

immediate threat to national security (Flamm & Bonvillian, 2025).

F. STRUCTURE OF THE THESIS

This thesis is organized into five comprehensive chapters that systematically
address the critical aspects of SC manufacturing. It focuses on Intel’s expansion and the

impact of the CHIPS Act on national security and industry dynamics.
Chapter I provides a comprehensive overview of the study’s context and purpose.

o Section A. Overview of the Semiconductor Industry and its Strategic Importance:
This section provides an overview of the SC industry and its strategic importance,
setting the stage by highlighting SCs’ critical role in various high-tech sectors and

their impact on technological advancements.

J Section B. Problem Statement: This section discusses the need to assess the
impact of the CHIPS Act on Intel’s manufacturing capacity and the U.S.’s
reliance on China. It outlines the key challenges and risks associated with the
current SC manufacturing landscape, emphasizing the strategic importance of

reducing foreign dependencies.

o Section C, Main Objectives of this Study: This section clearly defines the research
goals, focusing on enhancing domestic manufacturing capacity and evaluating the

effectiveness of the CHIPS Act in supporting Intel’s expansion.

o Section D, Research Questions: This section presents the primary and secondary
research questions that guide the investigation. It identifies the specific queries the
study aims to address, including timelines for capacity expansion, industry

impact, and national security concerns.
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Section E, Relevance of the Research to National Security and Industry
Dynamics: This section explains the research’s relevance to national security and
industry dynamics, highlighting the study’s importance in providing insights into
the strategic implications of Intel’s expansion and the broader impact on the U.S.
SC supply chain. The study’s findings could potentially inform policy decisions

and industry strategies, significantly contributing to the field.

Section F, Structure of the Thesis: This section provides an overview of the
thesis’s structure, guiding readers through the subsequent chapters and the key

topics they cover.
Chapter II provides a foundational context for understanding the study.

Section A. Overview of the Semiconductor Industry: This section covers the
history, current trends, and major players in the industry, providing a

comprehensive background on the evolution of the SC industry.

Section B. Intel: This section offers a detailed company profile, including Intel’s
existing manufacturing capacity and strategic initiatives, setting the stage for

understanding the company’s potential for expansion under the CHIPS Act.

Section C. The CHIPS Act: This section describes the CHIPS Act, its objectives,
and the incentives it offers SC manufacturers like Intel, explaining the legislative

framework designed to bolster domestic SC production.

Section D. U.S.-China Semiconductor Dynamics: The section analyzes U.S.
dependence on China for SCs and the associated risks, emphasizing the strategic
importance of reducing reliance on foreign SC suppliers to enhance national

security.

Chapter I1I comprehensively analyzes existing research relevant to the study.

Section A, Previous Studies on Semiconductor Manufacturing: This section
reviews past research on manufacturing capabilities and challenges, providing a
detailed understanding of the advancements and obstacles faced in SC

manufacturing.
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o Section B, Impact of Legislation on Industry: This section examines how previous
legislative actions have influenced the SC industry, analyzing policies and

regulations that have shaped the industry’s development.

o Section C, National Security Implications: This section studies the strategic
importance of SC supply chains, exploring their critical role in national security

and the potential risks associated with supply chain disruptions.

o Section D, Gaps in the Literature: This section identifies research gaps this thesis
aims to address, highlighting areas where existing research is lacking and

emphasizing the contributions the current study intends to make.

Chapter IV comprehensively evaluates Intel’s capabilities, the impact of the CHIPS

Act, and broader implications for the SC industry and national security.

o Section A, Methodology: This section outlines the data collection processes
employed to ensure a comprehensive analysis of Intel’s manufacturing
capabilities, financial performance, strategic initiatives, and broader implications

within the SC industry.

o Section A.1, Data Collection Methods: This subsection explains the processes

used to collect data, including both quantitative and qualitative methods.

o Section A.2, Quantitative Analysis: This subsection summarizes the use of
quantitative data, including industry reports and statistical figures, to evaluate
Intel’s financial performance, production metrics, expansion efforts, and its

position within the global SC industry.

o Section A.3, Qualitative Analysis: This subsection highlights the use of
qualitative analysis through academic studies, think tank evaluations, and industry
commentaries to provide contextual depth and interpret Intel’s strategies and their

broader implications for the SC industry and Global Value Chain (GVC).

o Section A.4, Case Study Comparison: This subsection outlines the methodology

for analyzing Intel’s operations through a comparative study, focusing on its
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expansion plans, technological advancements, financial performance, and

operational strategies to establish its unique position within the SC industry.

o Section A.5, Ethical Consideration: This subsection outlines the integration of
ethical research practices, including the exclusion of human subjects and primary
interviews, while leveraging expert discussions and secondary data to guide the

study.

o Section B, Case Study Analysis of Intel: This section analyzes Intel Corporation’s
strategic initiatives, operational evolution, and its broader role in reshaping the

global SC landscape.

o Section B 1, Overview of Intel’s Manufacturing Capabilities: This subsection
explores Intel’s evolution, analyzing its manufacturing expertise, operational
performance, and adaptation to challenges across economic, geopolitical, and

policy landscapes.

o Section B 2, Impact of the CHIPS Act on Intel: This section assesses the

incentives and support mechanisms provided by the CHIPS Act.

o Section B 3, Comparative Analysis: This subsection compares Intel with other SC
manufacturers benefiting from the CHIPS Act, highlighting differences in

strategies and outcomes.

o Section B 4, Reduction of U.S. Dependence on China: This section evaluates how

Intel’s capacity expansion affects U.S. reliance on China for SCs.

. Section B 5, National Security Implications: This section analyzes the strategic

importance of increased domestic SC production.

Chapter V comprehensively overviews the study’s outcomes and broader

significance.

o Section A, Summary of Findings: This section summarizes the study’s key
insights, highlighting Intel’s role in the U.S. SC industry under the CHIPS Act. It

examines Intel’s efforts to reduce reliance on foreign suppliers, its contributions
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to national security, and the impact of its Integrated Device Manufacturing (IDM)

2.0 strategy on reclaiming U.S. leadership in advanced chip manufacturing.

J Section B, Implications for the Semiconductor Industry: This section discusses
the broader implications for industry and market dynamics, exploring how Intel’s
expansion and the CHIPS Act incentives affect the competitive landscape,

innovation, and industry growth.

o Section C, Implications for National Security: This section evaluates the strategic
importance of the findings for U.S. national security. This section delves into how
reducing dependency on foreign SC suppliers and enhancing domestic production

capabilities strengthen national security.

o Section D, Policy Recommendations: This section proposes targeted policies to
enhance Intel’s competitiveness and U.S. SC resilience, focusing on investments
in production, supply chain diversification, R&D, export controls, and workforce

development.

o Section E, Future Research Directions: This section presents suggestions for
future research that build on this study’s findings, identifying areas where further
investigation is needed to deepen understanding and address any remaining gaps

in the literature.

o Section E, Final Thoughts: This section provides concluding remarks on the
impact of the CHIPS Act and Intel’s role in the SC supply chain, reflecting on the
study’s significance, the challenges ahead, and the potential for future

advancements in the industry.

This structured approach ensures a logical progression, guiding the reader from a
foundational context to an in-depth analysis of Intel’s expansion under the CHIPS Act and
its broader implications for the SC industry and national security. By systematically
addressing the research objectives and questions, this thesis aims to provide valuable
insights into the challenges, opportunities, and strategic importance of domestic SC

manufacturing in the United States. The chapters’ comprehensive organization highlights
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the study’s interconnected aspects, offering a cohesive framework for understanding the

impact of legislation and industry advancements on national and global scales.

T
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II. BACKGROUND

The interplay between government policy, technological innovations, and global
competition has placed the SC industry at the forefront of strategic national interest. Central
to this dynamic is the CHIPS Act, a landmark initiative to bolster the domestic SC industry.
This chapter offers an in-depth exploration of the CHIPS Act, shedding light on its
objectives, incentives, and legislative framework, which collectively aim to secure the U.S.

leadership in this critical technology sector.

A. OVERVIEW OF THE SEMICONDUCTOR INDUSTRY AND ITS
STRATEGIC IMPORTANCE

The SC industry is a cornerstone of modern technology, powering everything from
consumer electronics to advanced military systems (Richard, 2023). Initially, Intel was at
the forefront of SC innovation and manufacturing (Miller, 2022, pp. 116—-117). However,
Intel’s transition from a young, growing company to a mature market leader has come with
some major changes. The company has transitioned from having founding engineers as
CEOs to having business executives at the helm (Intel, n.d.-g). Simultaneously, Intel lost
ground in the manufacturing marketplace to latecomers TSMC and Samsung (Miller, 2022,
p. 307). In the early days of the SC industry, nearly every company executed the entire
manufacturing process for their SCs (Berger et al., 2023; Miller, 2022, pp. 290-291;
Richard, 2023). However, as technology improved and became exponentially more
complex, specialization started to move into the industry. The manufacturing of chips
became a specialization in itself (Arasasingham et al., 2022; Berger et al., 2023; Grimes &
Du, 2022). The Semiconductor Industry Association (SIA) estimates that the U.S. SC
industry has lost 50% of the global market share since the 1980s (Semiconductor Industry
Association, 2022a).

B. OVERVIEW OF THE SEMICONDUCTOR INDUSTRY: HISTORY,
CURRENT TRENDS, AND MAJOR PLAYERS

SCs, sometimes known as “chips” or “integrated circuits” (ICs), were co-invented

by Robert Noyce, a founder of Fairchild Semiconductor, and Jack Kilby of Texas
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Instruments (Miller, 2022, pp. 44—47). Each of these men were working independently of
each other (Miller, 2022, p. 47). SCs initially consisted of transistors connected by thin
metal wires to transmit electronic signals (Miller, 2022, p. 47). The silicon used for chips

is derived from sand, the basis for the name “Silicon Valley” (Miller, 2022, p. 15).

In the early days of the industry, most companies manufactured their own chips
while technology evolved rapidly (Akayama et al., 2024; Miller, 2022). Eventually, Robert
Noyce and Gordon Moore of Fairchild Semiconductor left the firm to create what is now
known as Intel (Miller, 2022, p. 112). Intel became dominant in the SC industry and was

famous for developing computing processors (Miller, 2022).

As Intel matured in the industry and its founding CEOs retired, the company shifted
its focus from designing the best chips to pursuing financial performance over
technological dominance (Miller, 2022, pp. 302-304). During this period, other SC

manufacturing players surpassed Intel in capabilities and market share (Galloway, 2024).

TSMC and Samsung pursued the latest manufacturing technologies, allowing them
to develop chips at the leading edge (Akayama et al., 2024; Miller, 2022). It should be
noted that the SC industry is dynamic, and what is considered a leading-edge chip changes
rapidly in short periods (Akayama et al., 2024; Miller, 2022; A. Shilov, 2025a).
Historically, metal-oxide-semiconductor-field-effect transistor (MOSFET) chips that use
planar or two-dimensional (2D) architecture to connect transistors are typically described
by node size measured in nanometers (nm): 10nm, 7 nm, etc. The MOSFET technology
has been pushed to the limits of what is possible in the traditional realm of physics, and the
most advanced chips are now produced using fin field-effect transistor (FinFET) three-
dimensional (3D) technology, which allows for the expansion of the number of transistors
that can be connected via channels rather than fine wires. The transition from 2D MOSFET
technology to 3D FinFET has made node size irrelevant, although manufacturers still use
the nomenclature for marketing. These chips are less than 7nm and contain tens of billions
of transistors (Inquivix Technologies, 2023; Miller, 2022). Manufacturing such complex
chips requires highly specialized equipment, primarily an EUV lithography machine
capable of producing light at the smallest wavelength possible (Murphy, 2023). EUV light

does not exist naturally on Earth; instead, an EUV lithography machine harnesses it by
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shooting a molten drop of tin with a laser inside a machine that uses a series of ultra-precise
mirrors to reflect the light, allowing it to etch patterns in a small silicon wafer. These
patterns enable the connection of electric signals between the billions of transistors (Miller,

2022).

Only one company in the world, Advanced Semiconductor Materials Lithography
(ASML) in the Netherlands, possesses the technology and knowledge to manufacture an
EUV machine, which is required to manufacture advanced chips (Advanced
Semiconductor Materials Lithography, n.d.; Miller, 2022, pp. 267-269; Murphy, 2023).
Samsung and TSMC were early adopters of EUV lithography. Fearing the technology still
needed to be sufficiently developed, Intel chose not to adopt EUV lithography initially.
This decision allowed Samsung and TSMC, both relative newcomers to the SC industry,
to surpass Intel’s technological capabilities, which had long dominated the market

(Galloway, 2024).

Intel is currently using EUV machines from ASML to produce its Intel 4 chips,
which are comparable to what TSMC and Samsung refer to as Snm and 4nm processes.
Leading-edge chips are required for artificial intelligence (AI), smartphones, military
applications, and quantum computing (U.S. Department of Commerce, 2024c¢). State-of-
the-art chips are still challenging to make, but do not require EUV machines and are found
in technologies such as CPUs (Galloway, 2024). Simpler varieties of chips are used in

appliances and other less complex technologies (Galloway, 2024).

In 2021, Intel appointed former engineer Pat Gelsinger as the corporation’s CEO,
representing a return to a focus on technological and engineering leadership (R. Goswami
& Field, 2024). Gelsinger outlined a strategy called IDM 2.0, aimed at reestablishing Intel’s
leadership in the manufacturing segment of the industry (Intel, 2021b). This strategy is
ambitious, risky, expensive, and complex, with initial cost estimates of $100 billion over
five years (Randewich et al., 2024). The company must build new manufacturing facilities,
develop a skilled workforce, invest in and learn how to operate EUV machines, and secure

customers (Miller, 2022, p. 457).
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Intel’s existing product segment business specializes in computer processors and
other hardware, making it its own built-in customer. While this internal supply capability
is a strength, it can also be a weakness. Many technology companies, including Apple,
Nvidia, Microsoft, Meta, Google, and Amazon, do not make their chips (Miller, 2022).
Instead, they design the chips and outsource production to a fabrication facility, or “fab.”
When these companies outsource production, they release sensitive intellectual property
(IP) to the fab (Miller, 2022, p. 241). Some fabs, known as foundries, only make chips,
such as TSMC or Qualcomm (Coleman, 2023). Intel is not a foundry. Instead, Intel
operates as an integrated device manufacturer (IDM) that both makes and sells chips

(Coleman, 2023).

C. THE CHIPS ACT: DETAILED DESCRIPTION AND ITS OBJECTIVES
AND INCENTIVES

The CHIPS Act is a U.S. federal statute enacted by the 117th U.S. Congress and
signed into law by President Joe Biden on August 9, 2022 (H.R.4346 — 117th Congress
(2021-2022), 2022). The act authorizes roughly $280 billion in new funding to support
domestic research and manufacturing of SCs in the U.S. over 5 years (2022-2027). Of this
funding, $39 billion is allocated for SC manufacturing incentives through grants, tax

credits, and loans (Badlam et al., 2022).

Additionally, the act designates $13.2 billion for research and workforce
development and $500 million for SC supply chain activities and international information
communications technology security (Mearian, 2024). Furthermore, $174 billion is
allocated for the broader ecosystem of public sector research in science and technology,

which includes initiatives such as the Moon to Mars Program Office (Badlam et al., 2022).

At the time of writing this thesis, the new Trump administration is considering
renegotiating the CHIPS Act awards allocated by the previous administration. President
Trump has publicly criticized the CHIPS Act, describing it as an unnecessary subsidization
of wealthy corporations and suggesting that funds could be better utilized to reduce the
national debt (Moon, 2025; Strom & Schoettler, 2025). This stance has raised concerns

about future projects like Intel’s Ohio SC plant, which has already faced delays and
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financial challenges despite being a flagship initiative under the CHIPS Act (Trau, 2025).

The administration has also signaled a potential review of contracts and grants issued under

the Biden administration, with an emphasis on scrutinizing expenditures and removing

provisions related to diversity, equity, and inclusion (Strom & Schoettler, 2025). While no

formal changes have been enacted, this uncertainty adds complexity to Intel’s expansion

plans and the broader objectives of the CHIPS Act.

1. Objectives of the CHIPS Act

The primary objectives of the CHIPS Act are to

Strengthen American supply chain resilience: The act aims to reduce U.S.
dependence on foreign SC manufacturing, mainly from East Asia, by boosting

domestic SC production (Belvins et al., 2023, p. 16).

Counter China’s influence: The act is designed to counter China’s growing
dominance in the SC industry by incentivizing domestic production (White

House, The, 2022).

Create jobs and economic growth: The act aims to create high-skilled jobs in
SC manufacturing, construction, and maintenance, catalyzing regional economic

development (White House, The, 2022).

Advance technological leadership: By investing in R&D, the act seeks to ensure
U.S. leadership in critical technologies such as Al, quantum computing, and

autonomous systems (Belvins et al., 2023).

2. Incentives for Semiconductor Manufacturers

The CHIPS Act offers subsidies (like those discussed above) along with several

other incentives to SC manufacturers, including Intel:

Investment tax credits: The act offers 25% investment tax credits for

manufacturing equipment costs (H.R.4346 — 117th Congress (2021-2022), 2022).

R&D funding: The act allocates $13 billion for SC research and workforce
training (Belvins et al., 2023, p. 23).
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o Support for supply chain resilience: The act includes provisions to support
developing and adopting secure and trusted telecommunications technologies and

SCs (H.R.4346 — 117th Congress (2021-2022), 2022).

3. Legislative Framework

The legislative framework of the CHIPS Act is designed to bolster domestic SC
production through financial incentives, R&D support, and workforce training programs.
The act establishes the CHIPS for America Fund, which provides financial incentives for
building and equipping domestic fabs and supports SC research activities through

partnerships with U.S. industry.

By addressing these objectives and offering these incentives, the CHIPS Act aims
to enhance the capabilities of the SC industry and ensure the United States remains a leader

in this critical technology sector.

D. U.S.—CHINA SEMICONDUCTOR DYNAMICS: ANALYSIS OF THE U.S.
DEPENDENCE ON CHINA FOR SEMICONDUCTORS AND
ASSOCIATED RISKS

SCs are a cornerstone of modern technology, critical to the U.S. and China’s
economic and strategic agendas (Miller, 2022, p. 154; Biden, 2022). The dynamics
surrounding the SC industry reveal a complex interplay of dependence, competition, and
strategic maneuvering between the two superpowers. China intends to become a global
leader on various technological fronts, including Al, quantum computing, and fifth
generation (5G) technology. These technologies have dual use for civilian and military
applications, and Chinese leadership in these fields would challenge the supremacy of the
U.S. military (Biden, 2022). The U.S. maintains control over key inputs in the SC value
chain. However, China also has a significant influence, particularly in the packaging and
supplying of rare earth elements (REE) and critical minerals (CM). In response to U.S.
export controls aimed at curbing Chinese technological progress, China has restricted
access to REE and labeled U.S. silicon unsafe (Nguyen, 2024; Office of Congressional and
Public Affairs, 2024). These actions have led to accusations and litigation of illegal trade

activities on both sides (Lynn, 2021). Despite this tension, the interdependence between
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the U.S. and China in the SC industry is profound; neither country can achieve complete
operational independence in the short to medium term. It should be noted that compared to
the U.S., “examination of the semiconductor GVC shows that China’s contribution at
present is relatively modest” (Grimes & Du, 2022, p. 12). The U.S.—China dynamic is
further complicated by issues such as supply chain integrity, IP theft, economic coercion,
and strategic competition, alongside geopolitical concerns like the One China policy
concerning Taiwan (Arasasingham et al., 2022; Grimes & Du, 2022; Martin et al., 2023).
These factors contribute to the intricate and precarious nature of the global SC supply
chain, underscoring the critical need for strategies to mitigate these risks and ensure

stability.
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III. LITERATURE REVIEW

This chapter synthesizes existing research to provide a robust foundation for
understanding the critical challenges and opportunities facing the SC industry. It reviews
past studies on manufacturing capabilities, the influence of legislation, and the national
security implications of SC supply chains to identify key patterns and gaps in the current
body of knowledge. These gaps, particularly concerning the CHIPS Act’s impact on Intel’s
U.S. supply chain dependencies and broader market dynamics, set the stage for the research

questions this thesis aims to address.

Through this comprehensive literature review, the thesis aligns its objectives with
the urgent need for innovative policy and industrial strategies to strengthen the U.S.’s

leadership in SC technology.

A. REVIEW OF PAST RESEARCH ON MANUFACTURING
CAPABILITIES AND CHALLENGES

Section A examines the technological advancements and ongoing challenges in SC
manufacturing, offering a foundation for understanding the industry’s evolution and

current obstacles.

1. Introduction

This literature review section examines previous research on SC manufacturing
capabilities and challenges. The review combines findings from various studies to provide
an overview of the technological advancements and methodologies that have shaped the
industry. Key findings reveal significant progress in areas such as process technology,
quality control, and the integration of innovative materials. However, the literature also
underscores persistent challenges, including rising costs, supply chain vulnerabilities, labor
shortages, and the environmental impact of SC production. By identifying these gaps, the
review highlights the need for continued R&D to address these issues and enhance the

industry’s sustainability and resilience.
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2. Background

The SC industry has undergone significant evolution since its inception. Early
research focused on developing silicon-based transistors and ICs (Richard, 2023, p. 176).
Over the years, advancements in materials science, process technology, and design
automation have led to the miniaturization of SC devices and increased manufacturing
complexity (Burkacky et al., 2021). These advancements have positioned the SC industry
as the cornerstone of technological advancement for decades, driving innovation in various
sectors, from computing to telecommunications and the automotive industry (Richard,

2023, p. 178).

3. Manufacturing Capabilities

Advanced manufacturing capabilities are crucial for producing the increasingly
complex and miniaturized electronic components the SC industry requires. These
capabilities include cutting-edge process technologies, such as EUV lithography, atomic

layer deposition (ALD), and advanced etching techniques (Miller, 2022, p. 24).

Recent studies have examined the capabilities required for advanced SC

manufacturing. Key areas of focus include:

J Design and verification: As ICs have become more complex, designing and
verifying them require highly advanced electronic design automation (EDA) tools
and methods to ensure the ICs work reliably. The SC industry heavily relies on
these sophisticated EDA tools, which assist in the detailed design of ICs and play
a crucial role in verifying and optimizing them. EDAs ensure that the final
products meet strict quality standards. The development and dependence on EDA
tools highlight their importance in modern SC manufacturing (Kahng et al.,

2001).

o Process technology: Innovations in lithography, etching, and deposition
techniques have revolutionized the production of SC devices, allowing for the
creation of smaller, more efficient components (EBM Machine, 2024). Advances

in these processes enable manufacturers to achieve higher precision and greater
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control over the fabrication of intricate SC structures (George, 2009). This
progress has been instrumental in the continued miniaturization of electronic
devices, contributing to enhanced performance and energy efficiency. As a result,
modern SC devices can integrate more functionality into smaller footprints,
meeting the demands of various high-tech industries. These technological
breakthroughs improve device capabilities while driving new applications and

markets in the SC industry (George, 2009).

Quality control: Quality control is a critical aspect of SC manufacturing,
ensuring high yield and reliability of the products. According to various
textbooks, rigorous metrology and inspection methods are essential to maintaining
the integrity of the manufacturing process (Doering, 2008; Geng, 2017; Hnatek,
1993). These methods include advanced techniques for detecting defects and
ensuring that each step of the production process meets stringent quality
standards. By implementing comprehensive quality control measures,
manufacturers can minimize the occurrence of defects, thereby enhancing the
overall performance and longevity of SC devices. The emphasis on quality control
highlights its significance in achieving optimal manufacturing outcomes and
maintaining the competitiveness of the SC industry (Doering, 2008; Geng, 2017;
Hnatek, 1993).

4. Challenges in Semiconductor Manufacturing

Despite technological advancements, the SC industry faces several challenges:

Rising costs: The rising costs in SC manufacturing constitute a significant
challenge to the industry. The expenses involved in designing and producing
advanced SC devices are substantial due to the technology required (Tembey et
al., 2023). Costs related to R&D, equipment, and materials have also increased.
Building and operating SC fabs has become much more expensive due to the
complexity of modern technology and the need for advanced machinery (Richard,
2023). Furthermore, geopolitical tensions, supply chain disruptions, and inflation

have added to these costs. These factors have led to higher material, labor, and
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construction expenses, making it hard for companies to stay profitable and

competitive (Tembey et al., 2023).

Supply chain issues: The global SC supply chain is vulnerable to disruptions, as
shown by the fire at the Renesas Electronics factory and the COVID-19 pandemic
(Fioramonti, 2021; Thomas, 2021). These events exposed how fragile the supply
chain is, leading to significant shortages and delays in SC production (Fioramonti,
2021). The pandemic caused interruptions at various stages, from raw material
extraction to manufacturing and distribution, which highlighted the industry’s
reliance on a few key suppliers and specific regions. As a result, industries that
depend on SCs, such as automotive and consumer electronics, faced severe

production bottlenecks and delays (Burkacky et al., 2021).

Labor market gap: The SC industry faces a significant labor market gap,
particularly in the U.S. According to a SIA and Oxford Economics report, the
industry will require an additional 115,000 workers by 2030 (Cabello, 2023).
However, due to current degree completion rates, approximately 67,000 positions
may remain unfilled. This shortage spans various roles, including technicians,
computer scientists, and engineers. The report emphasizes the need for
strengthened support for regional partnerships, growth in the domestic science,
technology, engineering, and mathematics (STEM) pipeline, and retention of

international advanced degree students to address this gap (Cabello, 2023).

Critical minerals: The U.S. SC manufacturing industry faces significant
challenges due to its reliance on CM. According to a Massachusetts Institute of
Technology Science Policy Review report, the supply chains for these minerals are
very fragile because the U.S. depends heavily on foreign sources (O. Goswami,
2023). Geopolitical tensions and the concentration of mineral supplies in a few
countries exacerbate this reliance. Goswami emphasizes the need for targeted
investments, such as those encouraged by the CHIPS Act, to develop onshore

supply chains and create domestic manufacturing capacity. Recycling and
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recovering CM from existing sources can also help reduce this dependency (O.

Goswami, 2023).

o Environmental impact: SC manufacturing is known for its high resource
consumption and notable environmental impact (Brescia, 2024). Recent research
has focused on creating sustainable manufacturing practices to address these
issues (Burkacky et al., 2021). This includes minimizing energy usage, reducing
waste, and implementing eco-friendly materials and processes. The goal is to
significantly decrease the industry’s carbon footprint significantly, making SC

production more environmentally sustainable (Liu et al., 2024).

5. Comparative Analysis

Comparative studies have highlighted significant differences in manufacturing
capabilities and challenges across various regions. For example, the U.S. SC industry has
long been a leader in advanced process technologies, investing heavily in innovation and
precision engineering (Semiconductor Industry Association, 2024). In contrast, East Asian
countries, such as Taiwan and South Korea, have excelled in high-volume production,
leveraging economies of scale and efficient manufacturing practices to dominate the global
market (Burkacky et al., 2021). Recent research has also examined the potential of
emerging markets, such as India and Vietnam, to contribute to the global SC supply chain,
offering new opportunities for diversification and resilience in production (Wu & Liang,

2024).

B. IMPACT OF LEGISLATION ON INDUSTRY: EXAMINING HOW
PREVIOUS LEGISLATIVE ACTIONS HAVE INFLUENCED THE
SEMICONDUCTOR INDUSTRY

Section B examines past legislative actions and their impact on the SC industry,
laying the groundwork for understanding how policies like the CHIPS Act influence

manufacturing capabilities, supply chain resilience, and innovation within the sector.

ACQUISITION RESEARCH PROGRAM
DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL

25



1. Introduction

The CHIPS Act was introduced to bolster domestic SC manufacturing by
incentivizing and supporting SC manufacturers. President Biden announced at the signing
ceremony that “the future of the chip industry is going to be made in America” (Gleklen et

al., 2023, p. 1).

This thesis examines how the act achieves this goal. However, it is essential to
recognize the influence of previous legislative actions on the SC industry, such as the
Energy Independence and Security Act (EISA) of 2007, the American Recovery and
Reinvestment Act (ARRA) of 2009, and the Fixing America’s Surface Transportation
(FAST) Act of 2015. Notably, the National Defense Authorization Act (NDAA) for Fiscal
Year 2021 set the stage for the passage of the CHIPS Act in 2022 (National Defense
Authorization Act for Fiscal Year 2021, 2021).

2. Energy Independence and Security Act of 2007

A review of the EISA of 2007 included provisions to promote energy efficiency
and renewable energy, indirectly supporting advancements in SC technology, particularly
in the development and mass adoption of light-emitting diode (LED) lighting products
(Energy Independence and Security Act of 2007, 2007). This shift created a significant
demand for advanced SCs used in LED technology. The act sets new standards for energy
efficiency in various appliances and equipment that incorporate SCs. This encouraged
innovation and the development of more energy-efficient SC components (Sissine, 2008,
p. 7). EISA provided funding and support for advanced vehicle technologies and renewable
energy projects, often relying on SC technology (Sissine, 2008, p. 6). This helped drive
R&D in the SC industry, promoting federal energy management practices that include
using energy-efficient technologies and products, many of which incorporate SCs (Sissine,

2008, pp. 9, 12—14; Srinivasa et al., 2024).

3. The American Recovery and Reinvestment Act of 2009

ARRA (2009) significantly impacted the SC industry by providing funding and

incentives for technological advancements and infrastructure improvements (Text — H.R.1
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— 111th Congress (2009-2010), 2009; Council of Economic Advisers, 2014, pp. 98-99). It
influenced the industry by funding R&D in various sectors, including SCs. This helped
drive innovation and technological advancements in SC manufacturing (Congressional
Budget Office, 2010, p. 14). The act also included investment in infrastructure projects,
indirectly benefiting the SC industry by improving the overall business environment and
supply chain logistics (Council of Economic Advisers, 2014, pp. 96-97, 122). Then, by
providing financial support to businesses, ARRA (2009) helped create and retain jobs in
the SC industry, contributing to economic stability and growth. Lastly, the act promoted
clean energy technologies, which increased demand for advanced SCs (Council of

Economic Advisers, 2014, pp. 128—129; Congressional Budget Office, 2010, p. 4).

4. The Fixing America’s Surface Transportation Act of 2015

The FAST Act of 2015 primarily focused on long-term funding for surface
transportation infrastructure (U.S. Department of Transportation, 2015). While its main
goal was not directly related to the SC industry, the act indirectly impacted the industry by
improving infrastructure through its funding of critical transportation projects. These
projects benefited the SC industry by enhancing incentives for building electric vehicles,
which automobile manufacturers leveraged (Walsh, 2023). The Act also established new
grant programs for essential transportation projects that benefit freight movements,
including multimodal projects that can indirectly support the SC industry by improving the
efficiency of transporting goods (Srinivasa et al., 2024). Additionally, the act established
the National Surface Transportation and Innovative Finance Bureau to provide additional
tools and resources to strengthen the coordination across transportation projects, which
could benefit industries reliant on efficient transportation, including SCs. By investing in
infrastructure, the FAST Act contributed to broader economic growth, thus supporting

industries, including SCs, by creating a more stable and prosperous economic environment.

5. The National Defense Authorization Act for Fiscal Year 2021

The NDAA for Fiscal Year 2021 significantly impacted the SC industry through
the eventual creation of the CHIPS Act (National Defense Authorization Act for Fiscal
Year 2021, 2021; Sutter, 2023). The 2021 NDAA authorized financial incentives to build
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and equip SC fabs in the U.S. to boost domestic SC production and reduce reliance on
foreign manufacturers. The act also funded R&D activities to support U.S. dominance in
SC manufacturing technology. This included establishing a National Semiconductor
Technology Center and a National Advanced Packaging Manufacturing Program. The
2021 NDAA incorporated measures to fortify the SC supply chain, aiming to enhance U.S.
investment in R&D and bolster the development of the nation’s science and engineering
workforce. By increasing the domestic SC manufacturing capacity, the 2021 NDAA aimed
to strengthen national and economic security by reducing dependence on foreign SC

production (Gillibrand, 2021).

The CHIPS Act of 2022 is a significant step in revitalizing U.S. SC manufacturing.
Previous legislative efforts, such as EISA (2007), ARRA (2009), the FAST Act of 2015,
and the 2021 NDAA, underscore the importance of government support in fostering
innovation and growth in industry. Moving forward, the success of the CHIPS Act will
depend on effective implementation and the industry’s ability to adapt. Future research
should assess the long-term effects of these policies and investigate strategies to maintain

U.S. leadership in SC technology.

C. NATIONAL SECURITY IMPLICATIONS: STUDIES ON THE
STRATEGIC IMPORTANCE OF SEMICONDUCTOR SUPPLY CHAINS

The SC industry is critical to national security, as it underpins the technology used
in defense systems, communications, and infrastructure (Biden, 2022). In his remarks at
the Special Competitive Studies Project Global Emerging Technologies Summit, the U.S.
national security advisor emphasized the need to secure supply chains and reduce
dependencies on foreign sources, particularly in strategic sectors, including SCs (Sullivan,
2022). The National Security Strategy notes other key industries, such as biodefense and
supercomputing, but these different sectors cannot exist without chips. In that sense, the

SC industry is vital to national security (Biden, 2022).

SCs are crucial in electronics and computing (Semiconductor Industry Association,
2022b). No single industrial sector exists that does not rely on SCs (Coleman, 2023). In

addition to economic importance, SCs are vitally crucial for military applications (Biden,
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2022). The literature suggests that the nation cannot eliminate these dependencies. It refers
to a concept first coined by Ursula von de Leyen called de-risking, which refers to the
policy of taking actions to minimize risks where possible (von der Leyen, 2023). According
to Grimes & Du,

Although certain locations play key roles in the semiconductor global value

chain (GVC), understanding the evolving GVC is complicated by the fact

that the development of a semiconductor product can involve up to 1200

process steps over a six- to eight-week cycle and travel over thousands of

miles between different locations and companies involved in the production
process. (2022, p. 7)

Reinsch et al. (2022) describe the SC value chain as a “deeply technical and precise
six-step process” (2022, p. 4). Within the value chain, represented in Figure 1, each link is
concentrated in a specific region of the globe. That global region relies on resources and
materials from specialized suppliers that are also geographically dispersed. The linear
nature of the graphic in Figure 1 represents a simplification of the “1200 process steps”
described by Grimes and Du (2022, p. 7). Within the value chain, Reinsch et al. (2022)
suggest that “the semiconductor GVC consists of three main stages: R&D (chip design),
fabrication (chip production), and advanced testing and packaging (back-end

manufacturing)” (2022, p. 4).

—_—
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Chip Fabrication Assembly, Sales/Distribution Electronics Finished
Design Packaging, Assembly Products
and Testing

Source: CSIS Scholl Chair.

Figure 1. Semiconductor Value Chain. Source: Arasasingham (2022).
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China is heavily involved in the process of packaging chips before they are
delivered to a customer (Grimes & Du, 2022). China is also responsible for mining some
of the key REE and CM required to manufacture chips (Coleman, 2023). China’s
dominance in the mining and processing of these minerals is attributed to its vast natural
reserves and well-established supply chain (Grimes & Du, 2022). Indeed, if there were an
adequate supply of these minerals elsewhere, reliance on a foreign supply could be

derisked.

China plays a critical role in the SC GVC, particularly in the packaging and testing
processes of chips before they are delivered to customers (Grimes & Du, 2022). This
specialization has made China an indispensable part of the GVC, as the infrastructure and
expertise required for these processes are concentrated within the country. As a result,
companies seeking to outsource these crucial steps of SC manufacturing have limited

alternatives.

Despite efforts by other nations to diversify their sources of CM, the supply remains
insufficient to meet the growing demand (Mitchell, 2023). Geopolitical tensions and the
concentration of mineral supplies in a few countries further exacerbate the dependency on
China. The lack of alternative sources makes the SC industry vulnerable to supply chain

disruptions (O. Goswami, 2023).

Strategic investments and policy initiatives are necessary to address these
challenges. For example, the CHIPS and Science Act (2022) encourages the development
of onshore supply chains and domestic manufacturing capacity. By creating a more
resilient and self-sufficient supply chain, the industry can mitigate the risks of heavy

reliance on foreign sources (Grimes & Du, 2022).

Recycling and recovering CM from existing sources, such as electronic waste, can
also significantly reduce dependency on foreign supplies. By implementing sustainable
practices and promoting circular economic principles, the SC industry can enhance its

resource security and contribute to environmental conservation (Liu et al., 2024).

The heavy reliance on China underscores the need for coordinated global efforts to

secure the supply of CM and ensure the stability of the SC value chain. Collaborative
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initiatives among nations, research institutions, and industry stakeholders are essential to
developing innovative solutions and reducing vulnerabilities in the supply chain (Mitchell,

2023).

The U.S. also plays a fundamental role in the value chain. The IP and design of
chips primarily take place domestically, and the nation is generations ahead of the rest of
the world in this portion of the value chain (Blevins et al., 2020). Without the innovation
and design work of domestic firms, there would be no SCs to be produced (Martin et al.,

2023).

There is very little that the U.S. can do to eliminate untrusted sources from the
supply chain. The industry is characterized by “important underlying weaknesses: the
limited number and geographic concentration of influential firms, plus a market that is
vertically disintegrated, overspecialized, and unable to accommodate substitutions”
(Berger et al., 2023, para. 9). Ultimately, the complexity of SCs has driven the industry’s

two predominant characteristics: oligopolistic firms and specialization.

That is the reality of the SC supply chain as detailed in a Research and Development
Corporation (RAND) study, Supply Chain Interdependence and Geopolitical Vulnerability
(Martin et al., 2023). The lithography machines that manufacturers use to make the chips
come from Europe (Miller, 2022, pp. 267-269). The chips are made in East Asia and
designed in North America. No single link can supplant another link in the value chain

(Berger et al., 2023). Making a SC is an extraordinarily complex process (Coleman, 2023).

The global SC supply chain is highly concentrated in East Asia, with Taiwan and
South Korea being key players (Arasasingham et al., 2022). This concentration creates
chokepoints that can manifest during periods of geopolitical tension, natural disasters, or

other disruptions, posing significant risks to national security.

The national security strategy highlights the importance of investing in domestic
manufacturing capabilities to mitigate these risks (Biden, 2022). The CHIPS Act aims to
address these vulnerabilities by bolstering U.S. SC production, ensuring a stable and secure
supply of critical components for defense and other essential sectors. That may derisk some

of the climactic and geopolitical threats that face South Korea’s Samsung and Taiwan’s
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TSMC (Athey, 2023). However, it does not change the fact that packaging and assembly
activities are highly specialized and concentrated in East Asia. Nor does it account for the
global supply of minerals or other components. In the context of the Great Power

Competition, China will be forced to rely on America and vice versa for SCs.

In late 2024, the United States imposed export controls on EUV equipment and IP
required for leading-edge chips (American Journal of International Law, The, 2023, p. 145;
Office of Congressional and Public Affairs, 2024). Shortly after, China declared U.S.
silicon unsafe and placed export restrictions on REE and heavy metals (Nguyen, 2024). It
is not understood how well regulations and sanctions can control the supply chain since it
is so complex, and no single entity has a complete grasp of its linkages. This makes the

idea of decoupling a single nation from the GVC an impossible task in the short term.

1. Integrated Device Manufacturer vs. Foundry Models

In manufacturing advanced SCs, the industry is segmented into two different types
of manufacturers, known as fabs. There is the IDM model and the global foundry model
(Coleman, 2023). Foundry companies produce SCs for fabless companies that design and
sell chips. Nvidia and Apple are examples of fabless companies that rely on the global
foundry model to make chips for their products. Intel, TSMC, and Samsung are the only
three companies manufacturing advanced SCs, leading the industry in cutting-edge chip
fabrication. Intel is historically an IDM company, TSMC is a foundry, and Samsung
operates as both an IDM and a foundry.

IDMs are companies that are vertically integrated. They design, produce, and sell
their chips. In contrast, most manufacturers, such as TSMC or Semiconductor
Manufacturing International Corporation (SMIC), follow the global foundry business
model (Berger et al., 2023). There is some advantage to a fabless company working with a
foundry rather than an IDM. This is due to the nature of the sensitive IP that must be shared
with the manufacturer to facilitate chip production. Fabless companies prefer to work with
TSMC rather than Intel or Samsung because TSMC does not sell competing products. On
the other hand, IDMs have greater security for their products as the amount of IP sharing

is limited. While Intel, Samsung, TSMC, and other chip manufacturers are receiving
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funding from the CHIPS Act, Intel has received the most significant CHIPS investment of

any company, domestic or foreign owned.

2. Intel and the Future of Integrated Device Manufacturing 2.0

In 2021, a report by the SIA stated, “The U.S. has the opportunity to target and
capture the next increment of semiconductor investments to help rebalance global
production capacity into the U.S. and regions with better political and environmental
stability” (2021, p. 3). In that same year, the new CEO of Intel, Pat Gelsinger, announced
its $100B IDM 2.0 strategy, which seemed to answer the call from SIA. The plan was
ambitious as it pursued SN4Y, which was progressively more advanced. The plan would
take Intel from being an IDM company to having foundry services to make advanced chips
for external firms. It included the construction of huge new fabs in Arizona and Ohio, while
also making other investments in its other U.S. facilities. Considering that Intel has a
position to liaison with the government, it was likely part of a larger strategic plan to
support the U.S. national security objective of supply chain security for critical technology.
The following year, Congress passed the CHIPS Act, and Intel ultimately became the
biggest beneficiary of the legislation with over $8B of investment granted by the federal
government. As of the end of the first quarter of 2025, IDM 2.0 has not gone to plan exactly.

Intel is the largest U.S. chip manufacturer in the nation, and realistically, the only
company with the capital and knowledge required to manufacture leading-edge chips. The
question is, do they have enough capital and knowledge to make the transition? Samsung
and TSMC, the only two companies in the world capable of making advanced chips, were
early adopters of the EUV technology required to manufacture SCs 7 nm and below. In an
industry where the speed of technology is measured in months, not years, Intel was a very
latecomer. Still, they had a legacy of innovation and had manufactured SCs for as long as

any other company in existence.

As a leading IDM, Intel plays a crucial role in the U.S. SC industry and national
security. The Biden administration’s strategy emphasizes the importance of companies like
Intel in maintaining technological superiority and securing supply chains. Intel’s

investments in expanding its U.S. manufacturing capabilities, supported by the CHIPS Act,
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are aligned with the strategy’s goals to reduce reliance on foreign suppliers and enhance

national security (Biden, 2022).

Intel’s ability to produce advanced SCs domestically is vital for the DoD and other
critical sectors. By ensuring a secure and reliable supply of SCs, Intel helps mitigate the
risks associated with foreign dependencies and supply chain disruptions. This aligns with
the broader objectives of the National Security Strategy to strengthen U.S. economic and
technological leadership in the face of strategic competition from other countries, including

China and Russia.

D. IDENTIFICATION OF RESEARCH GAPS

Despite extensive research on SC manufacturing capabilities, legislative impacts,
and national security implications, this thesis aims to address several critical gaps. The
research questions guide the identification of these gaps, ensuring a comprehensive

exploration of the topic.

o Impact of the CHIPS Act on Intel’s manufacturing capacity: While previous
studies have examined various legislative actions and their influence on the SC
industry, there is a notable gap in understanding the specific impacts of the
CHIPS Act on Intel’s manufacturing capacity. This shortcoming is addressed in
the primary research question: How does the CHIPS Act impact Intel’s
manufacturing capacity, and how can increased domestic production reduce U.S.
reliance on China in the semiconductor supply chain while enhancing national
security? This thesis fills this gap and assesses how the CHIPS Act incentives
translate into actual manufacturing growth by analyzing Intel’s current

manufacturing capabilities and expansion plans.

J Reduction of U.S. Dependence on China: Existing literature highlights the
strategic importance of reducing dependencies on foreign SC sources, particularly
given geopolitical tensions and supply chain vulnerabilities. However, empirical
research on how much the CHIPS Act can reduce U.S. reliance on China remains
limited. This thesis provides an investigation of this issue through the secondary

research question: What are the specific challenges and risks associated with

ACQUISITION RESEARCH PROGRAM
DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL

34



Intel’s capacity expansion under the CHIPS Act, and how can these be mitigated

to ensure a resilient and secure SC supply chain for the United States?

o Comprehensive Evaluation of Supply Chain Security Measures: National security
studies emphasized the critical role of secure SC supply chains, but often needed
more detailed evaluations of how specific legislative initiatives addressed these
concerns. This research focuses on the CHIPS Act’s provisions to secure the
supply chain and their real-world implications for national security, particularly
for DoD. Through examining the national security implications of increased
domestic SC production, the thesis provides insights into the effectiveness of the

CHIPS Act in enhancing supply chain resilience.

o Influence on Broader Semiconductor Market Dynamics: Existing studies often
presented the impact of policy measures on specific companies or sectors, but a
detailed analysis of how these measures influenced broader market dynamics was
needed. This research aims to fill this gap by exploring the tertiary research
question: How does Intel’s capacity expansion under the CHIPS Act influence the
broader SC market dynamic and competition domestically and globally? This
thesis will assess the CHIPS Act’s incentives and support mechanisms, evaluating

their wider impact on market competition and positioning.

By addressing these gaps, this thesis provides a comprehensive and actionable
framework for policymakers, industry leaders, and academics to enhance the resilience and

security of the U.S. SC industry.
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IV. ANALYSIS

This section examines Intel’s operations, strategic decisions, and broader
implications within the SC industry. The methodology subsection introduces the data
collection method to comprehensively evaluate Intel’s manufacturing capabilities,
financial performance, and strategic initiatives. The analysis, as a case study, follows the
methodology subsection. This analysis integrates operational data, policy frameworks, and
industry trends to offer a comprehensive perspective on Intel’s role within the global SC

landscape.

A. METHODOLOGY

This section outlines the data collection processes employed to ensure a
comprehensive analysis of Intel’s manufacturing capabilities, financial performance, and
strategic initiatives and their broader implications within the SC industry. The
methodology combines quantitative and qualitative approaches, leveraging a wide array of

resources to synthesize a holistic perspective.

1. Introduction to Data Collection Methods

To conduct the analysis, data was gathered from diverse sources, including
academic publications, industry reports, news articles, and case studies. Integrating insights
from experts and organizations focused on the SC industry and the GVC ensures a thorough

and balanced evaluation.

2. Quantitative Methods

The quantitative data utilized in this research was derived from:

o Industry reports spanning the last four to five years concerning Intel’s financial

performance, production metrics, and expansion activities.

o Statistical data and figures on global SC markets, technology nodes, and
manufacturing capabilities. These sources provide valuable insights into Intel’s

operations and its relative standing within the industry.
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3. Qualitative Methods

Complementing quantitative data, qualitative analysis involved reviewing:

J Academic publications authored by field experts who have conducted studies on

various aspects of the SC industry and the GVC.

o Think tank analyses from organizations such as the Center for Strategic and
International Studies (CSIS), RAND Corporation, and the SIA provide policy-

focused evaluations and strategic frameworks.

o News articles, press releases, and industry commentaries that capture evolving
trends, current events, and expert opinions. Together, these resources offer

context and interpretive depth to Intel’s strategic initiatives and their implications.

4. Case Study Comparison

Intel’s operations were analyzed in the form of a detailed case study, incorporating

a comparative perspective with other SC manufacturers. This involved evaluating:
o Expansion plans and technological advancements.
o Financial performance and operational strategies.

The case study approach ensures an in-depth understanding of Intel’s unique

position within the industry.

5. Ethical Considerations

This research does not involve human subjects or primary interviews. While
information discussions with industry experts were conducted to inform the direction of
the study, their contributions are acknowledged in a non-cited format. Ethical principles,
including the proper citation of secondary data and respect for IP rights, were adhered to

throughout the research process.

This methodology combines quantitative and qualitative insights to develop well-
founded conclusions and recommendations regarding Intel’s manufacturing capabilities,

strategic initiatives, and the dynamics of the SC industry.
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B. CASE STUDY ANALYSIS OF INTEL

This case study examines Intel Corporation’s strategic initiatives, operational
development, and role in the global SC industry. The study explores the interplay between
innovation, policy, and industry dynamics by analyzing Intel’s historical trajectory,
manufacturing capabilities, and responses to challenges such as regulatory changes,
geopolitical pressures, and supply chain issues. The analysis considers how domestic
production improvements, supported by the CHIPS Act, contribute to national security and
aim to reduce reliance on foreign supply chains. This assessment provides context for

Intel’s technological advancements and position within the SC GVC.

1. Overview of Intel’s Manufacturing Capabilities

Intel serves as a significant case study for examining the complexities of modern
SC production. This section analyzes the company’s evolution by evaluating its
manufacturing capabilities, operational performance, and responses to economic,
geopolitical, and policy challenges. By tracing Intel’s development in fabrication processes
and assessing the impact of the CHIPS Act, the analysis explores broader issues of supply
chain resilience and SC industry dynamics. Comparative insights into industry competitors
and Intel’s contributions to reducing U.S. reliance on Chinese suppliers offer a perspective

on national security and global competitiveness tied to domestic SC expansion.

a. Historical Context and Evolution of Intel’s Manufacturing Capabilities

Founded in 1968 by Robert Noyce and Gordon Moore, Intel Corporation has played
a prominent role in the SC industry for over five decades. Initially focused on memory chip
production, Intel introduced the Intel 4004 microprocessor in 1971, marking a significant
milestone in computing innovation (Meridian Outpost, n.d.). This innovation marked the
beginning of Intel’s dominance in the microprocessor market, setting the stage for

continuous advancements in SC manufacturing (Intel, n.d.-b).

During the 1970s and 1980s, Intel expanded its manufacturing capabilities,
introducing technologies such as the 1103 dynamic random-access memory (DRAM) chip,

which became the industry standard for memory (Meridian Outpost, n.d.). The
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development of the x86 microprocessor architecture further shaped personal computing
(Company-Histories.com, n.d.; Meridian Outpost, n.d.). Throughout this period, Intel
scaled production to meet increasing demand for microprocessors while maintaining

industry standards of quality (Company-Histories.com, n.d.).

In the 1990s, rising competition from international manufacturers, particularly in
Japan, pushed Intel to innovate further (Company-Histories.com, n.d.). The launch of the
Pentium microprocessor in 1993 set benchmarks for performance and -efficiency
(Company-Histories.com, n.d.). Investments in advanced manufacturing facilities
supported Intel’s efforts to sustain technological development and adhere to Moore’s Law,
which observes that the number of transistors on a microchip roughly doubles every two

years (Miller, 2022, p. 8).

In the 21st century, Intel diversified its focus to include emerging areas like data
centers, Al, and autonomous vehicles (Intel, n.d.-b). Manufacturing advancements,
including the introduction of 14nm and 10nm process technologies, further enhanced
transistor density and chip performance (A. Shilov, 2020). These developments reflect
Intel’s evolving approach to addressing industry needs and technological change within the

global SC landscape.

b. Description of Current Manufacturing Facilities and Their Locations

Intel Corporation operates a network of SC manufacturing fabs and assembly/test

sites across multiple continents, as seen in Figure 2. These facilities are strategically located

to optimize production efficiency and meet the growing demand for SC technologies (Intel,

n.d.-d).
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Figure 2. Map of Intel Around the World. Source Intel (n.d.-d).

In the United States, Intel’s manufacturing sites include the Ocotillo campus in
Chandler, Arizona, and the Ronler Acres campus in Hillsboro, Oregon (Intel, n.d.-e). The
Ocotillo campus houses several fabs, including Fabs 12, 22, 32, 52, and Fab 62 (Adams,
2024), which focuses on producing advanced chips (A. Shilov, 2024b). The Gordon Moore
Park at the Ronler Acres campus is home to fabs like D1X, which focuses on R&D of next-
generation (Next-Gen) process technologies (Intel, 2010). Additionally, Intel’s Fab 11X in
Rio Rancho, New Mexico, contributes to Intel’s domestic manufacturing capabilities

(Intel, 2024).

Intel also maintains international manufacturing facilities in Ireland, Israel, and
Asia (Intel, n.d.-e). In Ireland, the Leixlip campus hosts Fab 24 and Fab 34, which play a
significant role in producing leading-edge SCs (Intel, 2023a). In Israel, the Kiryat Gat
campus includes Fab 28 and Fab 38, which are known for their high-volume production of
Intel’s latest chips (Intel, n.d.-a). Intel also operates assembly and test sites in Malaysia,

Vietnam, and China, supporting its global production network (Mwaniki, 2024).

Among Intel’s recent investments is the development of a $20 billion chip
manufacturing mega-site in New Albany, Ohio. This project, known as Ohio One, includes

plans for two advanced fabs, aiming to contribute to domestic production capabilities and
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economic growth in the region (Ethan, n.d.). This initiative aligns with efforts to enhance

SC production and address evolving industry demands (Ethan, n.d.).

By strategically distributing its facilities globally, Intel positions itself to address

diverse manufacturing needs and support ongoing developments in SC technology.

c. Overview of Intel’s Technology Nodes and Fabrication Processes.

Intel Corporation has been a significant contributor to advancements in SC

manufacturing.

Over the years, the company’s technology nodes and fabrication processes have
undergone considerable development, reflecting changes in the industry standards and

demands (Meridian Outpost, n.d.).

Intel’s process technology roadmap (Figure 3) outlines the progress of its SN4Y
strategy for nodes that have contributed to improvements in performance and efficiency.
The Intel 7 process, based on 10nm technology, introduced enhanced transistor density and
power efficiency (Conway, 2024). Building on this, Intel 4, a 7nm process, incorporated
EUV, a technology that improves production efficiency by increasing chip yields and
enabling better scaling of components, leading to enhanced power efficiency (Conway,
2024). This node is also significant because it is the first advanced SC design. Intel 4 is
utilized in products such as the Meteor Lake processors, which leverage the capabilities of

this node to deliver enhanced performance (see Figure 3) (Conway, 2024).
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Leading and extending process roadmap beyond five nodes in four years (5N4Y) to include new
Intel 14A and several node evolutions to address customers’ varying requirements.
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Figure 3. Process Roadmap of Intel Foundries. Source: Conway (2024).

Building on the advancements achieved with Intel 4, Intel 3 was developed as a
subsequent node tailored for data center applications. Offering an 18% improvement in
performance per watt compared to its predecessor, Intel 3 is optimized for high-
performance computing environments (Intel, n.d.-h; Conway, 2024). Intel 20A represents
another development in process technology, introducing PowerVia and RibbonFET
technologies (Conway, 2024). PowerVia, a backside power delivery method, enhances
standard cell utilization and mitigates resistive power delivery issues, contributing to
improved efficiency and performance, see Figure 4 (Conway, 2024). RibbonFET, Intel’s
adaptation of gate-all-around (GAA) transistor technology, supports further component

miniaturization while mitigating power leakage (Intel, n.d.-f).
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Frontside Power Delivery vs Backside Power Delivery
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Figure 4. Image of Power Delivery. Source: Conway (2024).

The most advanced node in Intel’s current roadmap is Intel 18A, which is projected
to begin manufacturing in the latter half of 2024 (Intel, n.d.-f). Intel 18A is expected to
deliver “up to 15% improvement in performance per watt and a 30% better chip density
vs. the Intel 3 process node” (Intel, n.d.-f). This node incorporates PowerVia and
RibbonFET technologies, continuing efforts to enhance manufacturing efficiency and

performance (Intel, n.d.-f).

Ongoing advancements in process technology have allowed for significant
improvements in transistor density, power efficiency, and overall performance. These
developments align with the evolving demands of the SC industry, reflecting efforts to
address technological challenges and shifts in the global landscape (Conway, 2024).

d. Pre-CHIPS Act Production Capabilities and Performance: 2020 to Mid-
2022

Intel Corporation displayed adaptability and focus on its production capabilities and
financial performance from 2020 to mid-2022. Despite obstacles such as the COVID-19

pandemic, supply chain challenges, and heightened competition, the company emphasized
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innovation, operational efficiency, and investments in advanced manufacturing

technologies.

(1) Financial and Operational Performance

In 2020, Intel reported an annual revenue of $77.9 billion, reflecting an 8% year-
over-year (YoY) growth (see Figure 5) and marking its fifth consecutive year of record
revenue (Intel, 2021a). The company surpassed its fourth-quarter revenue guidance by $2.6
billion, achieving $20 billion in quarterly revenue. This growth was attributed mainly to
record PC-centric sales and a 33% YoY increase in PC unit volumes. Intel’s leadership
emphasized strong demand for its computing capabilities and noted positive outcomes from

the company’s focus on growth opportunities (Intel, 2021a).

Full-Year 2020 Financial Highlights

GAAP Non-GAAP

2020 2019 vs. 2019 2020 2019 vs. 2019
Revenue (3B) $77.9 $72.0 up 8% $77.9n $72.0% up 8%
Gross margin 56.0% 58.6% down 2.5 ppt 57.6% 60.1% down 2.6 ppt
R&D and MG&A (5B) $19.7 $19.7 flat $195 3195 flat
Operating margin 30.4% 30.6% down 0.2 ppt 32.5% 33.0% down 0.5 ppt
Tax rate 16.7% 12.5% up 4.2 ppt 16.4% 12.2% up 4.2 ppt
Met income (3B) $20.9 $21.0 down 1% $22.4 $21.8 up 3%
Earnings per share 5494 $4.71 up 5% $5.30 $4.87 up 9%
Cash from Operations $354 5331 up 7% $35.4~ $33A~ up 7%
Free cash flow NIA N/A N/A $21.1 $16.9 up 25%

For the full year, the company generated a record $35.4 billion cash from operations, paid dividends of
$5.6 billion, and used $14.2 billion to repurchase 274.6 million shares of stock.

Figure 5. Intel 2020 Financial Highlights. Source: Intel (2021a).

ACQUISITION RESEARCH PROGRAM
DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL

45



The company generated $35.4 billion in operating cash flow, allocated $14.2 billion
for share repurchases, and distributed $5.6 billion in dividends, reflecting its financial

stability (Intel, 2021a).

In 2021, Intel reported a record annual revenue of $79 billion, representing a 1%
YoY increase (see Figure 6). Fourth-quarter revenue amounted to $20.5 billion, driven by
strong performance from the Data Center Group and the Internet of Things Group, which

reached all-time highs during this period (Intel, 2022a).

Full-Year 2021 Financial Highlights

GAAP Non-GAAP

2021 2020 vs. 2020 2021 2020 vs. 2020
Revenue ($B) $79.0 $77.9 up 1% $74.7 $72.9 up 2%
Gross margin 55.4% 56.0% down 0.5 ppt 57.7% 59.4% down 1.7 ppt
R&D and MG&A (3B) $21.7 319.7 up 10% 5209 $18.9 up 10%
Operating margin 24.6% 30.4% down 5.8 ppt 29.7% 33.4% down 3.7 ppt
Tax rate 8.5% 16.7% down 8.2 ppt 9.1% 16.6% down 7.5 ppt
Net income (3B) $19.9 3209 down 5% 3224 3216 up 4%
Earnings per share 34 86 3494 down 2% 3547 3510 up 7%

For the full year, the company generated $30.0 billion of cash from operations, paid dividends of $5.6 billion, and used $2.4 billion
to repurchase 39.5 million shares of stock.

Figure 6. Intel 2021 Financial Highlights. Source: Intel (2022a).

In 2021, Intel generated $30 billion in operating cash flow and announced plans to
invest $20 billion in the construction of two SC factories in Ohio, reflecting its focus on
expanding domestic manufacturing capabilities (Intel, 2022a). The company attributed its
financial results to IDM 2.0 and its strategic efforts across technology development,

manufacturing, and its various business sectors (Intel, 2022a).

In contrast, 2022 presented significant challenges for Intel. First-quarter revenue
decreased by 7% YoY to $18.4 billion (Intel, 2022b), followed by a sharper decline in the
second quarter to $15.3 billion, representing a 22% YoY decrease (Intel, 2022c). These

ACQUISITION RESEARCH PROGRAM
DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL

46



declines were attributed to broader economic slowdowns and internal operational issues
(Intel, 2022c). Despite these challenges, Intel reiterated its commitment to its IDM 2.0
strategy, which focuses on improving manufacturing processes to enhance competitiveness

(Intel, 2022b).

(2) Strategic Initiatives and Technological Advancements

During this period, Intel implemented various initiatives to enhance production
capabilities and advance technological innovation. In 2020, the company began production
of its 10nm-based 3rd generation (Gen) Xeon Scalable processors, referred to as “Ice
Lake.” It also introduced the 11th Gen Intel Core processors, known as “Tiger Lake,” as
part of its ongoing CPU development efforts (Intel, 2021a). Additionally, Intel entered the
discrete graphics market with the launch of Intel Iris Xe MAX GPUs, marking a step
toward diversifying its product offerings (Intel, 2021a).

In 2021, Intel expanded its technology portfolio with the introduction of the 12th
Gen Intel Core processor family, including the Intel Core 19-12900HK, which was noted
as a high-performing mobile processor (Intel, 2022a). The company also began shipping
Intel Arc discrete graphics products to original equipment manufacturers and partnered

with Amazon Web Services to support Habana Gaudi Al processors (Intel, 2022a).

By mid-2022, Intel had made significant progress in scaling production for its Intel
7 process technology and was advancing the readiness of subsequent nodes, including Intel
4, Intel 3, and the upcoming 20A and 18A nodes (Intel, 2022¢). Additionally, a partnership
with MediaTek to manufacture chips for smart edge devices highlighted Intel’s efforts to
expand its foundry business and broaden its revenue sources (Intel, 2022c). These
developments reflect Intel’s focus on addressing traditional and emerging demands within

the SC industry.

2. The Impact of the CHIPS Act on Intel: An Assessment of the
Incentives and Support Mechanisms

This section examines the impact of the CHIPS Act on Intel, with a focus on the
incentives and support mechanisms driving the company’s capacity expansion. By

analyzing Intel’s strategic goals, expansion plans, and potential challenges, this section
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explores the immediate and long-term implications for the company’s market position and
technological leadership. Through a comparative lens, the analysis evaluates how Intel’s
efforts, supported by the CHIPS Act, compare to those of other global SC manufacturers

and how these initiatives influence broader market dynamics and competition.

a. Detailed Analysis of Intel’s Expansion Plans and Expected Timeline

Intel has embarked on an ambitious plan to expand its SC manufacturing
capabilities in the United States, supported by the CHIPS Act (U.S. Department of
Commerce, 2024c¢). The company aims to invest over $100 billion in the U.S. by the end
of the decade, with a significant portion of this investment directed towards building and
upgrading SC fabs (Keller, 2024). This expansion is expected to create thousands of jobs
and bolster the domestic supply chain for advanced SCs (U.S. Department of Commerce,

2024c).

Some of the key projects and locations that Intel is working on include:

(1) Arizona: Foundry Expansion for Advanced Chips

Intel is investing over $32 billion in Arizona to build two new leading-edge chip
factories—Fab 52 and Fab 62—at its Ocotillo campus in Chandler (Intel, 2024). These fabs
will support Intel’s expansion into the foundry business, providing committed capacity for
external customers and producing advanced chips using Intel’s 18A process node (A.
Shilov, 2025b). This marks a significant step in Intel’s strategy to compete with leading
foundry businesses like TSMC and Samsung.

(2) New Mexico: Advanced Packaging Facility Expansion

Intel has opened Fab 9 in Rio Rancho, New Mexico, as part of its $3.5 billion
investment to expand its advanced packaging capabilities (Intel, 2024). This facility
focuses on Foveros, Intel’s breakthrough 3D packaging technology, which allows stacking
multiple chips for improved performance and efficiency. Additionally, Intel received $500
million in federal funding to further modernize its operations and expand production

(Hoops, 2024). The existing production capability being expanded includes Fab 11X,
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which, along with Fab 9, forms Intel’s first co-located high-volume advanced packaging

site in the U.S (Intel, 2024).

3) Ohio: New Plant Construction with Delays

Intel’s Ohio One project in New Albany was initially expected to be completed
sooner, but has faced significant delays (Millard, 2025). The first phase (Mod 1) is now
scheduled for completion in 2030, with operations beginning between 2030 and 2031
(Conn & Millard, 2025). The second phase (Mod 2) is expected to be completed in 2031,
with operations starting in 2032. Intel has already spent $3.7 billion on the project and
signed contracts worth $3.2 billion, bringing its total commitment to $6.9 billion (Filby,
2025a). Despite financial and political challenges, Intel remains committed to completing

the project, citing its importance for domestic SC manufacturing.

4) Oregon: Strengthening Manufacturing and Technological Leadership

Intel’s D1X development factory in Hillsboro, Oregon, is the company’s premier
hub for SC R&D (Intel, 2023b). The company has invested $3 billion to expand its D1X
Mod3 facility, which is crucial in developing Next-Gen chip technologies. Intel’s Oregon
site is also home to high numerical aperture (High-NA) EUV lithography, a cutting-edge
technology that will enable smaller, more efficient transistors (National Institute of
Standards and Technology, 2024). While all regional investments contribute to Intel’s
manufacturing leadership, Oregon specifically focuses on R&D, ensuring Intel remains at

the forefront of SC innovation (Intel, 2023b).

The expected outcomes of Intel’s expansion plans are projected to support
approximately 10,000 manufacturing jobs and 20,000 construction jobs across the selected
states (U.S. Department of Commerce, 2024c). The company’s investments will also
contribute to the production of advanced SCs, which are critical for developing Al

technologies and enhancing national security (Keller, 2024).

b. Strategic Goals

Intel’s strategic goals under the CHIPS Act revolve around leveraging the

incentives and support mechanisms to reclaim its leadership in the SC industry. The
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company’s vision aligns closely with the CHIPS Act’s objectives of strengthening
domestic SC manufacturing, reducing reliance on foreign suppliers, and enhancing
technological capabilities critical to national security. Through significant investments in
its U.S. facilities, Intel aims to position itself as a pivotal player in the global SC market.
As discussed above, the CHIPS Act has provided Intel with substantial funding to support
these ambitions, allowing the company to fast-track its expansion plans and focus on
producing leading-edge chips. These chips are essential for Al advancements and advanced

computing applications (Keller, 2024; U.S. Department of Commerce, 2024c).

As the only U.S.-headquartered company capable of producing leading-edge SCs,
Intel is crucial in addressing vulnerabilities in the U.S. supply chain. Its expansion plans,
backed by the CHIPS Act, represent a concerted effort to reduce the country’s reliance on
foreign manufacturers, particularly in East Asia. By developing advanced packaging
technologies and state-of-the-art fabs, Intel is in a position to enhance domestic
manufacturing capabilities and mitigate the risks associated with geopolitical tensions and
global supply chain disruptions. This strategy aligns with national policy priorities and, if
successful, will lead to Intel becoming the third company in the world capable of producing

leading-edge chips for the market under its foundry model. (Morales, 2024)

In addition to bolstering domestic manufacturing, Intel’s goals are strategically
designed to enhance its market position and technological leadership on a global scale
(Shivakumar et al., 2024). The company’s investments aim to bridge the gap with
international competitors by advancing process technologies and scaling production
capacity. These efforts are intended to regain customer confidence in Intel’s ability to
deliver high-performance, reliable SCs, positioning the company as a preferred partner for
commercial and government clients. By embracing the CHIPS Act’s vision and aligning
its strategy with the broader goals of economic resilience and technological superiority,
Intel is addressing immediate industry challenges and laying the groundwork for sustained

growth and innovation.
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C. Challenges and Risks

Intel’s ambitious expansion plans under the CHIPS Act are not without significant
challenges. These risks span regulatory hurdles, geopolitical tensions, workforce shortages,
and supply chain constraints, all of which could impede the company’s progress and global

competitiveness.

(1) Legal and Regulatory

Intel faces potential regulatory challenges, particularly in navigating complicated
approval processes for its expansion projects. For example, mergers or partnerships with
other companies, such as GlobalFoundries (GF), could face scrutiny from antitrust
regulators, delaying or complicating strategic initiatives (Williams, 2025). Additionally,
compliance with environmental and zoning regulations for new fabs in states like Arizona
and Ohio could slow construction timelines (A. S. Shilov, 2025). To mitigate these risks,

Intel must engage proactively with regulators and ensure transparency in its operations.

The U.S. has implemented stringent export controls on advanced SC technologies
to curtail access by foreign competitors, particularly China. These measures aim to
safeguard sensitive innovations critical to defense and economic resilience. (U.S.
Department of Commerce, 2024a) These policies have exacerbated global supply chain
vulnerabilities, posing significant challenges. Intel must align its operations with U.S.
export policies while diversifying its supply chain and fostering partnerships with trusted

allies.

(2) Workforce Shortages

The U.S. SC industry faces a severe workforce gap, with an estimated 67,000
positions potentially remaining unfilled by 2030 (Vargas et al., 2021). Intel’s expansion
plans, particularly in Ohio, depend on a steady pipeline of skilled workers, including
technicians and engineers. To address this challenge, Intel has partnered with community
colleges to develop specialized training programs, such as the industry’s first stackable SC
technician certificate (Stadler, 2023). These initiatives are critical to closing the talent gap

and ensuring the success of Intel’s new fabs.
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In addition to these efforts, workforce development has been a central focus of
agreements between Intel and state governments and provisions under the CHIPS Act. The
state of Ohio provided Intel a $600 million grant to subsidize the construction of two Intel
plants in the state, which were supposed to employ 3,000 people (Wickham, 2023). The
construction of these facilities has encountered delays. Intel is at risk of the state stopping
additional payments to Intel and clawing back the money the state has already provided.
However, there does not seem to be a strong political appetite for this move (Pelzer, 2025).
The CHIPS Act has allocated substantial resources to workforce development, including
funding for the National Semiconductor Technology Center Workforce Center of
Excellence and other initiatives to build a robust talent pipeline (U.S. Department of

Commerce, 2025).

By aligning its workforce strategies with state-level agreements and federal
legislation, Intel addresses immediate talent shortages while contributing to the industry’s
long-term growth. These collaborative efforts support Intel’s expansion plans and
strengthen the U.S. SC workforce as a critical component of national security and economic

resilience.

d. Expected Impact

Intel’s transition under the CHIPS Act marks a pivotal moment in the global SC
industry. As only two companies, TSMC and Samsung, currently possess the capability to
manufacture advanced chips, Intel’s IDM 2.0 strategy represents a fundamental shift,
positioning the U.S. as a direct competitor in this critical technology sector (Allen &
Goldston, 2025; Flamm & Bonvillian, 2025). The company’s decision to introduce a
foundry model signifies a shift toward manufacturing chips for external customers,
expanding its focus beyond national security, economic competitiveness, and supply chain

resilience.

The ability to manufacture advanced chips domestically is a strategic imperative
for the United States. Historically, the country has relied on foreign manufacturers for
cutting-edge chips, a dependency that poses national security risks in the face of

geopolitical uncertainties and trade restrictions (Kusters et al., 2025). Intel’s successful
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expansion will reduce reliance on external suppliers and secure the nation’s access to
advanced SC technology, mitigating vulnerabilities that could impact critical
infrastructure, defense systems, and emerging technologies such as AIl. The U.S.
government’s commitment to Intel’s success, evidenced by $7.865 billion in direct funding
under the CHIPS Act, reinforces the importance of onshoring advanced chip manufacturing
as a long-term safeguard against global supply chain disruptions (Texas Instruments,

2024).

Beyond national security, Intel’s investments are expected to reshape competitive
dynamics within the SC industry. Success in IDM 2.0 and high-volume advanced chip
production would make Intel the third global player, directly challenging TSMC’s and
Samsung’s dominance. The company’s push into EUV and High-NA EUV lithography is
designed to accelerate technological innovation, further strengthening U.S. leadership in
SC development. However, Intel’s timeline faces challenges. Intel fully designed the 20A
process node but outsourced its production to TSMC while shifting its focus to 18A, the
fifth and final node of its SN4Y strategy. However, in early March 2025, Intel initiated a
joint venture (JV) with TSMC to enhance advanced manufacturing capabilities for 18A,
reflecting the company's evolving strategy in semiconductor fabrication. The company’s
JV with TSMC, which includes a 20% stake from TSMC in Intel’s chipmaking operations,
underscores existing technical and operational hurdles that prevent Intel from meeting its
5N4Y roadmap independently (Singh, 2025). While this collaboration offers short-term
expertise and efficiency gains, it raises broader questions about Intel’s ability to compete
autonomously in the advanced chip market (Fortune Business Insights, 2025; Priyadarshi,

2023).

Economically, Intel’s expansion is projected to create thousands of high-skilled
jobs across its new fabs. The company’s investments in advanced chip technologies will
drive domestic SC manufacturing capacity and stimulate local economies in states such as
Ohio, Arizona, and New Mexico. The ripple effects extend beyond direct job creation—
Intel’s initiatives will contribute to broader industry development, fostering innovation in

Al, telecommunications, and automotive applications (Keller, 2024; U.S. Department of

ACQUISITION RESEARCH PROGRAM
DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL

53



Commerce, 2024c). However, Intel must navigate challenges such as workforce shortages,

yield optimization, and international competition to capitalize on its investments fully.

From a strategic standpoint, Intel’s expansion under the CHIPS Act represents more
than an industry evolution—it is a national and economic imperative. The company’s
ability to successfully execute IDM 2.0 and establish itself as a leader in advanced chip
manufacturing will influence U.S. competitiveness, global SC supply chain resilience, and
technological independence for decades. While the initiative faces short-term operational
challenges, Intel’s long-term success would disrupt the duopoly for advanced chip
manufacturing held by TSMC and Samsung and allow it to reclaim its status as a global

leader in the industry.

3. Comparative Analysis of Intel and Other Semiconductor Companies

The CHIPS Act has marked a transformative period for the U.S. SC industry,
creating opportunities and challenges for major players like Intel. While Intel has received
substantial incentives to enhance its domestic manufacturing capabilities, it faces fierce
competition from international giants TSMC and Samsung. These global leaders,
benefiting from their home countries’ support and CHIPS Act funding, have significantly
expanded their presence in the United States, with advanced fabs and substantial
investments in states such as Arizona and Texas. In this context, Intel’s efforts to reclaim
its leadership in advanced process nodes, driven by innovations such as Intel 18A chips
and its IDM 2.0 model, represent a strategic endeavor to bridge the gap with its rivals. This
comparative analysis examines Intel’s position in the global SC landscape, evaluating its
expansion plans, technological advancements, and financial strategies alongside those of
TSMC and Samsung, and assessing the broader implications of these developments for the

U.S. SC ecosystem.

a. Intel vs. Other Semiconductor Manufacturers

The Chips Act has given Intel significant incentives to bolster its domestic
manufacturing capabilities, reinforcing its strategic position as a key player in the U.S. SC
industry. However, Intel is competing in two different competitive landscapes because it is
trying to operate as an IDM with a new foundry capability, much like Samsung (Sperling,
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2024). Now, Intel is trying to compete with other IDMs and pure-play firms operating
under the foundry model.

Intel’s IDM model, which integrates design and production, allows the company to
maintain greater control over its supply chain and technological innovation. This vertical
integration contrasts sharply with the pure-play foundry model exemplified by TSMC,
where manufacturing is their sole focus. While pure-play foundries benefit from
specialization and high-volume production capabilities, Intel’s IDM approach enables
enhanced collaboration between its design and fabrication teams, potentially driving

advancements in energy-efficient transistor technologies and advanced packaging.

IDMs such as STMicroelectronics and GF, headquartered in Switzerland and the
U.S., respectively, share Intel’s focus on integrating design and manufacturing. These
companies have regional production facilities to meet specialized customer demands but
lack Intel’s scale in leading-edge chip fabrication. For instance, while GF primarily
produces mature-node chips, Intel’s roadmap includes leading-edge process nodes like
Intel 18A (1.8nm) expected by 2025, which aim to reclaim its leadership position in
advanced SC technologies (Hutton, 2025).

TSMC and Samsung dominate the industry regarding advanced-node
manufacturing and customer acquisitions. TSMC’s global operations include fabs in
Taiwan, Arizona, and China, focusing on technologies ranging from N5 (5nm) to N2 nodes
(A. Shilov, 2022). Similarly, Samsung’s U.S. investments, such as its $17 billion facility
in Texas, underscore its capabilities in producing high-performance logic chips and
advanced process nodes (A. Shilov, 2022). Samsung and TSMC have successfully
manufactured advanced chips for the foundry business, mainly due to their governments’
substantial financial support and investments. In large part, the success of Samsung and
TSMC in the foundry business manufacturing advanced chips is only possible because of

government investment (Sperling, 2024).

Moreover, the CHIPS Act has played a pivotal role in fostering U.S investment
among these manufacturers, incentivizing domestic and international players to expand

their presence in the U.S. market. For instance, TSMC’s Arizona fabs and Samsung’s
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Texas facility have received substantial support under the Act, leveling the playing field
while heightening competition for resources and talent. As Intel continues to execute its
aggressive expansion plans and IDM 2.0 strategy, it faces the dual challenge of scaling
advanced technologies and delivering high yields to match the production capabilities of

rival foundries (Intel, 2021b; Morescalchi, 2024a).

b. Comparison of Expansion Plans

Intel’s expansion plans under IDM 2.0 include a $100 billion investment in U.S.
facilities, with significant projects in Ohio, Arizona, and Oregon (U.S. Department of
Commerce, 2024b). These initiatives aim to enhance Intel’s capacity to produce leading-
edge chips domestically, reducing reliance on foreign suppliers. In comparison, TSMC’s
Arizona fabs focus on 5nm and 3nm technologies, while Samsung’s Texas facility is

expected to produce advanced logic chips (A. Shilov, 2024c; Sperling, 2024).

Intel’s strategy emphasizes vertical integration and advanced packaging
technologies are designed to improve chip performance and efficiency (Morescalchi,
2024b). However, TSMC and Samsung have a proven track record of delivering high yields
at advanced nodes, which could challenge Intel’s ability to compete effectively in the

global market (Shaik, 2023).

c Technological Advancements

Intel’s technological advancements, supported by CHIPS Act funding, include
transistor and packaging technology breakthroughs. The company’s PowerVia backside
power delivery system and RibbonFET architecture are expected to enhance chip
performance and energy efficiency, potentially giving Intel a competitive edge (Hutton,

2025; Morescalchi, 2024b).

TSMC and Samsung, however, continue to lead in process technology. TSMC’s
N3 and N2 nodes, along with Samsung’s 3nm GAA technology, are already in production
or nearing deployment (Shaik, 2023; A. Shilov, 2024c). While Intel’s innovations are
promising, its ability to scale these technologies for high-volume manufacturing remains a

critical challenge.
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d. Financial Analysis

Intel’s financial performance has been bolstered by CHIPS Act incentives, which
have offset some of the costs associated with its ambitious expansion plans. However, the
company has faced declining revenues in recent years, with a 14% drop in 2023 (Intel,
2024). In contrast, TSMC and Samsung have maintained strong financial positions, driven
by robust demand for their advanced nodes and diversified customer bases (Sperling,

2024).

Intel’s IDM 2.0 strategy, which includes offering foundry services to external
customers, represents a significant shift aimed at generating new revenue streams.
However, this approach requires substantial upfront investment and poses execution risks,

particularly in a competitive landscape dominated by established foundries (Intel, n.d.-c).

e. Outcomes and Implications

Intel’s expansion under the CHIPS Act is expected to have far-reaching
implications for the U.S. SC industry. By increasing domestic production capacity, Intel
will reduce reliance on foreign suppliers and enhance national security (Shivakumar et al.,
2024). However, the company’s ability to compete with TSMC and Samsung will depend

on its execution of advanced technologies and its success in attracting new customers.

The CHIPS Act has also created a more competitive environment, incentivizing
domestic and foreign manufacturers to invest in U.S. facilities. This dynamic could lead to
increased innovation and lower costs for consumers, but may also intensify competition

for resources and talent (Sperling, 2024; U.S. Department of Commerce, 2024b)

In conclusion, Intel’s comparative position in the SC industry reflects both
opportunities and challenges. While the CHIPS Act has significantly boosted the
company’s expansion efforts, it must overcome substantial hurdles to compete effectively
with global leaders like TSMC and Samsung. By leveraging its IDM model and
technological innovations, Intel has the potential to reshape the industry and secure its role

as a cornerstone of the U.S. SC ecosystem.
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4. Reduction of U.S. Dependence on China: Evaluation of how Intel’s
Capacity Expansion Affects U.S. Reliance on China

This section examines how Intel’s manufacturing capacity expansion, achieved
through successfully implementing its IDM 2.0 strategy, will impact the U.S.’s dependence
on China. It will begin with an analysis of China’s role in the GVC and assess the potential

reductions in reliance on China as Intel increases its production capacity.

a. Current Reliance on China: Analysis of the Extent to Which the U.S.
Depends on Chinese Semiconductor Manufacturing

At the end of the first quarter of 2025, Intel was nearing the completion of its fourth
and final year of implementing its IDM 2.0 strategy, which aimed to achieve 5N4Y
(Conway, 2024). Production of Intel’s fourth node, the 20A chip, was outsourced to TSMC
so that the company could focus entirely on the fifth and final chip of the strategy, the 18A
(Alcorn, 2024). At the Intel Vision 2025 conference, they announced that 18 A had entered
the final stage of risk production (Alcorn, 2024). Risk production begins when the company
increases production volumes incrementally to ensure that production yields are viable
(Alcorn, 2024). Regardless of the success Intel has in advanced SC manufacturing, the
extent of U.S. dependence on Chinese SC manufacturing is relatively limited compared to
its reliance on Taiwan and South Korea, according to a 2021 report (Vargas et al., 2021, p.

40).

However, China plays a crucial role in certain areas of the SC supply chain. Intel’s
capacity expansion will have a minimal, if any, meaningful effect on China. Efforts to
diversify supply chains and bolster domestic production aim to reduce this reliance,
particularly amid ongoing tensions between the U.S. and China. However, China’s role in
the GVC will be nearly impossible to eliminate. The global market relies primarily on
TSMC and Samsung for the supply of advanced SCs, Chinese firms lag in producing
leading-edge chips due to their late entry into the industry as well as U.S. export controls
on critical manufacturing equipment (American Journal of International Law, The, 2023,
p. 145; Office of Congressional and Public Affairs, 2024). Intel’s successful transition into
producing advanced chips domestically will partially offset global reliance on TSMC.
However, in April 2025, it was announced that TSMC and Intel would form a JV, in which
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TSMC would partner with Intel to manufacture 18A, Intel’s most advanced chip to date
(Singh, 2025). This suggests that Intel is not genuinely ready to execute its SN4Y strategy
alone. This also means that TSMC will continue to play a significant role in the global
supply of advanced chips. However, some of that manufacturing will shift to the U.S.
According to Reuters, the U.S. Government encouraged this partnership. The fact that Intel,
a well-capitalized industry giant, had to partner with a rival company further proves how

difficult it is to break into the advanced chip-making market.

While China is not a leader in advanced SC manufacturing, its role in legacy chip
production, assembly, testing, and packaging (ATP), as well as its control over REE and
CM, makes it a significant player in the GVC (Liu et al., 2024). China’s robust legacy chip
manufacturing industry does contribute to global supply chains, although alternative

suppliers exist in Southeast Asia, the United States, and Europe (Ravi, 2021, pp. 1-2).

China has multiple SC manufacturers specializing in mature-node foundries,
memory chips, power SCs, and specialty ICs. Companies like Yangtze Memory
Technologies Corporation, which produces Not AND (NAND) flash memory used for data
storage; ChangXin Memory Technologies, which focuses on DRAM for temporary data
storage; and Hua Hing, which offers foundry services for manufacturing chips designed by
other companies, are integral to China’s supply chain. The United States and its allies,
including Taiwan, South Korea, Japan, and European countries, also have a strong and
mature production capacity (Vargas et al., 2021). China’s SMIC is a major supplier of
mature-node chips, and alternative foundries such as TSMC, United Microelectronics
Corporation, GF, and Renesas can help meet global demand, especially as the United States

and its partners seek to reduce reliance on Chinese suppliers (Grimes & Du, 2022).

Regardless of Intel’s capacity and capability expansions, China will continue to
play a significant role in the back-end manufacturing portion of the GVC (Vargas et al.,
2021, p. 19). Export controls issued by the Biden and Trump administrations have limited
China’s access to EUV and other specialized manufacturing equipment, limiting its role in
the manufacturing portion of the supply chain. In response to these restrictions, China has
invested in advanced packaging and ATP technologies (Xin et al., 2022). U.S. firms,

including major chip designers such as Advanced Micro Devices, Intel, and Qualcomm,
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outsource some of their ATP processes to Chinese firms. China has comparative
advantages in labor costs, strong infrastructure, and government investment. Disruptions
to China’s ATP industry or any firm involved in the GVC could create supply chain
bottlenecks.

China also specializes in high-volume packaging for consumer electronics,
automotive, and Internet of Things applications (Vargas et al., 2021, p. 39). There is a
substantial investment in advanced packaging technologies, such as 2.5D and 3D
packaging, to reduce reliance on foreign firms (Vargas et al., 2021, p. 39). Furthermore,
the government has implemented initiatives such as Made in China 2025 and established
the National Integrated Circuit Industry Investment Fund (Big Fund) to reduce its reliance

on other nations.

The Chinese ATP market comprises domestic and foreign companies operating
within its borders (Vargas et al., 2021). Taiwan’s Advanced Semiconductor Engineering
(ASE) Technology is the world’s largest SC packaging firm, operating multiple plants in
Shanghai and Kunshan. Amkor Technology is a U.S.-owned company that operates a
facility in Shanghai, providing advanced packaging services for U.S. firms such as Apple,
Qualcomm, and Nvidia. Taiwan’s Powertech Technology has a JV with Chinese firm
Tsinghua Unigroup and works closely with Micron (U.S.), SK Hynix (South Korea), and
Kioxia (Japan).

This is not to state that China is the dominant player in ATP. As of a 2022 report
by SIA, Taiwan and China held equal shares of the market at 22% each (Semiconductor
Industry Association, 2022a). Chinese firms, such as Jiangsu Changjiang Electronics
Technology, Tongfu Microelectronics, and Huatian, have well-developed ATP
capabilities. The Chinese government has invested heavily in expanding domestic ATP
infrastructure to reduce its reliance on foreign firms (Vargas et al., 2021, p. 32; Yanaizu,
2020, p. 82). China still lacks the most advanced ATP technologies, such as TSMC’s
Integrated Fan-Out technology, Intel’s Embedded Multi-die Interconnect Bridge (EMIB),
and Foveros 3D packaging (Business Executives for National Security, 2024, p. 3; A.
Shilov, 2024a).
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ATP firms are globally dispersed across Taiwan, South Korea, the U.S., and
Southeast Asia (including Malaysia, the Philippines, Singapore, and Vietnam) (Business
Executives for National Security, 2024, p. 3). The most notable is Taiwanese ASE, the
largest ATP firm globally. Taiwan is a leader in high-end ATP, especially for TSMC’s
advanced nodes (Business Executives for National Security, 2024). In South Korea,
Samsung and SK Hynix have ATP capabilities for high-end memory packaging. Amkor is
headquartered in the U.S. but primarily operates in Asia. Intel has ATP plants in New
Mexico, Oregon, and Arizona that focus on chiplet packaging (A. Shilov, 2024a). Intel’s
largest ATP facility is in Vietnam, and the company also has facilities in Malaysia, which

serve as another ATP hub (Intel, 2024).

Beyond ATP capabilities, China is also a global hub for the assembly of end-use
electronics (Vargas et al., 2021, p. 12). As a result, many chips are sold into the Chinese
market for use in final goods for sale (Vargas et al., 2021, p. 12) As Vargas et al. explain,
a significant portion of these chips are exported back out of China in end-use products such
as smartphones or other consumer electronic goods (2021, p. 12). In 2024, the Israeli army
detonated the pager devices of Hezbollah operatives inside Lebanon (Lee & Snodgrass,
2024). This was a global wake-up call to the severe risks of supply-chain infiltration by

adversarial parties.

Beyond back-end GVC activities, such as ATP and electronics assembly services,
the GVC relies heavily on China for raw materials, particularly REE and CM. Vargas et
al. describe REE as a “set of 17 metallic elements with electronic and magnetic properties
required in electronic products” (2021, p. 43). The authors explain that REEs are electronic
products’ “building blocks” that should not be ignored when evaluating supply chain risks.
The authors also assert China is the global leader in extracting 9 REE. In the refinement of
14 REE (2021, p. 43), Chinese firms control a large portion of the global supply of CM,
such as gallium, germanium, and tungsten, which are essential for SC production (Baek et
al., 2024, p. 3; Baskaran & Schwartz, 2024a). The U.S. lacks the infrastructure to produce
these minerals to meet its domestic demand and lacks refining capabilities (Semiconductor
Industry Association, 2021, p. 25). China dwarfs the combined output of the mineral-rich

nations of Australia, Canada, and Indonesia (Baskaran, 2024). The U.S. possesses known
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REE reserves at the Mountain Pass mine in California and the Stibnite mine in Idaho (Lv

et al., 2024). However, these sites cannot meet the domestic demand for CM or REE.

China has imposed export restrictions in 2023 on gallium and germanium, and
followed with further CM restrictions in 2024 (Nguyen, 2024). While the U.S. is beginning
to evaluate other sources of supply, the lengthy timelines for permitting new mines and
developing mineral processing capabilities mean that China’s control of CM and REE will

endure for the short and medium term (Dwivedi, 2023; Perpetua Resources, 2025).

Even beyond its supply chain dependencies, China exerts influence through its vast
domestic demand for SCs, driven by the world’s largest population. The domestic
purchasing power allows China to shape investment decisions and pricing strategies for
global SC firms (Vargas et al., 2021, p. 12). This market leverage adds another dimension
to the U.S. reliance on China, as companies looking to maintain access to Chinese

consumers may feel pressure to maintain some degree of SC-related operations in China.

While the U.S. does not depend on China for leading-edge manufacturing
capabilities, the nation remains an important player in ATP, legacy chip production, and
the supply of raw materials (Baskaran & Schwartz, 2024b; Lim, 2025; Muller, 2025).
These dependencies are vulnerabilities that the U.S. is actively seeking to address through
domestic investments, strategic alliances, and supply chain diversification. However,
China’s continued and aggressive investment in R&D, ATP advancements, and control
over CM and REE ensures that it will remain an essential link in the GVC for the

foreseeable future.

b. Projected Changes: Assessment of Potential Reductions in Reliance on
China Due to Intel’s Increased Capacity

Intel’s expansion of its ATP manufacturing capacity reduces the U.S. reliance on
China in the GVC. As the only domestic company producing leading-edge chips, its
advanced packaging capabilities may enhance Intel’s success. In January of 2024, Intel
announced the opening of its new Fab 9 advanced packaging facility at the Rio Rancho site
in New Mexico (A. Shilov, 2024a). Fab 9 will be home for its Foveros 3D manufacturing.

Foveros 3D technology allows chips to stack on chips, including mature node and leading-

ACQUISITION RESEARCH PROGRAM
DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL

62



edge chips, in combination onto a single tile that allows for architecture flexibility (Barrett,
2018). The result is a hybrid processing unit that leverages the best features of CPUs and
GPUs (Garreffa, 2022). Furthermore, Intel has EMIB technology, which enables chiplets
to be connected, and individual modules are produced using Foveros 3D (A. Shilov,
2024d). Intel’s EMIB technology allows for different chips and Foveros hybrid CPUs to
be connected, which Intel states will “offer a faster and more cost-efficient path toward
achieving 1 trillion transistors on a chip” (Intel, 2024). Intel invested $3.5B into the facility,
which will allow Intel to package the advanced SCs that it manufactures for its foundry
business as adoption of its Foveros 3D technology increases (A. Shilov, 2024a). Intel’s

largest ATP facility is in Vietnam and maintains operations in Malaysia.

Intel’s investment in new U.S. and European fabs will also reduce reliance on
Taiwan and South Korea for leading-edge chips. While TSMC has made significant
investments in the U.S., the bulk of its manufacturing capability and knowledge base
remains in Taiwan. Strategically, that makes sense for Taiwan as a hedge against potential

Chinese aggression, such as a blockade or quarantine.

As Intel successfully expands its domestic chip manufacturing and ATP
capabilities, China’s dominance in REE and CM will remain a strategic vulnerability.
While the United States has made some investments in mining, these efforts have long
development timelines. The Stibnite mine only received its permit from the U.S. Forest
Service to start operations, “after 8 years of thorough investigation, interagency analysis,
consultation, and extensive public feedback on the proposed mine plan of operations”
(Perpetua Resources, 2025). For context, the company’s own projections estimate that it
will be an additional 6 years before the mine starts to meet 35% of the 2022 U.S. demand
for the CM antimony (Perpetua Resources, 2025). There are no other significant domestic

sources of REE or CM other than the Mountain Pass mine in California.

Intel’s increased capacity has the potential to significantly reduce its reliance on
China for ATP and advanced packaging; however, achieving complete supply chain
independence from China is unlikely to occur for more than a decade, if ever. While Intel’s

success would abate some national security risks for the United States, additional policy
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support will be required to address raw material dependencies and ensure supply chain

diversification.

S. National Security Implications: An Analysis of the Strategic
Importance of Increased Domestic Semiconductor Production

This section assesses the risks and vulnerabilities directly impacting national
security concerning China’s role in the GVC. The first section will provide a risk
assessment, including a discussion of geopolitical risks and the strategic importance of
Taiwan, the reliance on China for ATP and CM, export controls, retaliatory actions, and
risks to economic and industrial capacity. The second portion will provide policy
recommendations to support Intel’s efforts and further enhance the supply chain’s
resilience. This will include recommendations for areas requiring further government
investment, strategies to diversify ATP partnerships, securing the supply of CM and REE,

export controls, and R&D investment.

a. Risk Assessment: Identification of Potential Risks and Vulnerabilities in
the Supply Chain

This section will identify and discuss the potential risks and vulnerabilities related
to China’s role in the GVC as it relates to U.S. national security. The discussion will focus
on risk factors related to China’s REE and CM supply, ATP and advanced packaging
services, and mature node SC production. In addition, the geopolitical risks associated with

policies as they relate to China will also be analyzed.

China’s control over REE and CM poses an immediate and substantial risk (Select
Committee on the CCP, The, 2023, p. 43). These materials are not merely crucial for SCs
but indispensable across the entire electronics manufacturing ecosystem. Their unique
properties, including their metallic and electronic characteristics, render REE irreplaceable
in various applications, such as smartphones, electric vehicles, and defense systems (Select
Committee on the CCP, The, 2023, p. 44). China’s restrictions on REE and CM have only
begun to impact this supply chain. If manufacturers cannot secure the necessary materials,
the output of electronics products will inevitably decline, as will the demand for SCs that

power electronic devices. The “Strengthening the Global Semiconductor Value Chain”
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report underscores the cascading effects of these vulnerabilities to national security and

economic stability (Vargas et al., 2021).

China also has a significant role in ATP, particularly in advanced packaging
services. This is another risk to the GVC from the U.S. national security perspective. These
are essential services required to deliver high-performance chips. The United States has
already outsourced a significant portion of its ATP capacity overseas, and China holds a
substantial market share in this domain. While China is certainly not the only nation with
a considerable market share in the ATP, its contributions to the GVC are nonetheless
substantial. Intentional or inadvertent disruption of access to these services would create
bottlenecks that delay production, undercutting the ability of U.S. firms to deliver products

to the market on time.

Similarly, while China is not the only nation with mature node production
capabilities, it does play a significant role in the GVC. Mature node chips are the backbone
of everything from vehicles to consumer appliances to military systems, and a significant
portion of this production still takes place in China. While these mature node chips are not
on the bleeding edge of technology, they remain critical to the global supply chain, and any

interruption to their supply would severely impact industries across the globe.

Taiwan is central to the GVC because it is the global leader in the production of
advanced chips. The PRC views Taiwan as a “renegade province” and has openly stated
that the PRC seeks the reunification of Taiwan with China. The CSIS in a two-part
ChinaPower Series identifies China’s likely tactics to annex Taiwan (Martin et al., 2023;
Tinsley, 2024a, 2024b). Any disruption — whether due to military conflict, economic
coercion, or blockade would severely impact U.S. access to leading-edge SCs. Intel’s IDM
2.0 strategy aims to reduce reliance on Taiwan, but even in the event of its complete
success, Intel’s reliance on TSMC will not be eliminated. Advanced chips are highly
customized products, and chip designers must utilize the proprietary architecture for the
foundry producing their product. It is not a matter of switching from TSMC to Intel or
Samsung. A significant expense will be incurred because all the investment in one
architecture must be duplicated to transition from one fab to another. Although TSMC has

a fab in the United States, it could not handle the additional capacity that may be required
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if access to its Taiwan facilities is compromised. In 2021, the SIA released a report showing
that 92% of advanced chips were produced by TSMC, with Samsung controlling the
remaining 8% (Semiconductor Industry Association, 2021). The same report also noted
that Taiwan was responsible for 20% of global SC manufacturing capacity. Any restriction
of access to Taiwanese firms would devastate U.S. national security and the global

economy.

The oligopolistic nature of the GVC is another risk. The Strengthening the Global
Semiconductor Value Chain report also reminds us that the GVC is fragile in its structure,
even without conflict. It is highly segmented, hyper-specialized, and very efficient—until
something goes wrong. Natural disasters, infrastructure failures, cyberattacks, tariffs,
embargoes, and even minor supplier disruptions can paralyze the system. During the
pandemic, a fire at a Japanese factory, one of the missing links in a chain of over 500
suppliers, caused numerous downstream supply chain disruptions in the GVC and the
market for finished goods. With capital costs as high as they are in this industry, there is

no excess capacity to utilize.

Chris Miller notes in Chip War that integration into the GVC is not just a strength.
It 1s also a vulnerability (Miller, 2022, pp. 353—-354). Beijing is just as interested in

decoupling as Washington is, and each nation is pursuing this on its terms.

Talent is another underappreciated vulnerability. The U.S. SC workforce is already
stretched thin, and the 2024 SIA State of the Industry Report projects a shortfall of 67,000
skilled workers in chip manufacturing by 2030. More broadly, related U.S. industries could
expect a 1.4 million worker shortfall. That is a significant problem because, without talent,
even the most advanced fabs will struggle to meet production targets. The report also
estimates that 58% of new manufacturing and design jobs in the SC industry could go

unfilled by 2030. That is a national security issue hiding in plain sight.

Lastly, there is the unintended consequence of export controls. When the United
States restricts SC technologies to China, it risks cutting American firms off profitable
overseas markets. According to the Strengthening the Global Semiconductor Value Chain

report (pp. 42—-43), approximately 20% of industry revenue is typically reinvested in R&D.
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If revenue drops due to lost market access, innovation could slow. That is a long-term

vulnerability that does not make headlines, but it should.

b. Policy Recommendations: Development of Recommendations for
Policymakers to Support Intel’s Efforts and Enhance Supply Chain
Resilience

This section outlines policy recommendations aimed at strengthening U.S. national
security by supporting Intel’s efforts to become a leading global foundry for advanced chip
manufacturing. These recommendations are intended to align with Intel’s IDM 2.0
strategy, ensure the company’s long-term viability, and enhance the resilience of the SC
GVC. Intel’s unique position as the only U.S.-based company capable of manufacturing
leading-edge chips makes its success inseparable from America’s technological
sovereignty and security posture. As Chris Miller wrote in Chip War (2022, p. 332) “With
out Intel, there won’t be a single U.S. company or a single factory outside of Taiwan or

South Korea capable of manufacturing cutting-edge processors.”

The U.S. government must recognize that Intel is too strategically important to fail.
As the only U.S. company currently positioned to manufacture leading-edge chips at scale,
Intel is pivotal in mitigating national security risks tied to geopolitical instability,
particularly in Taiwan. The reality is that competitors like TSMC and Samsung have
achieved their current manufacturing prowess, in large part, due to massive government
subsidies. Despite facing financial headwinds and public doubt about its IDM 2.0 strategy,
Intel remains essential to U.S. security interests. This paper recommends substantial direct
government investment in Intel and other U.S. companies within the GVC. Furthermore,
the government should also award long-term production contracts to Intel, ensuring the

company is financially positioned to weather economic downturns.

While chip fabrication is a critical component of the GVC, a secure supply chain
requires comprehensive capabilities. The United States must invest in manufacturing and
the upstream and downstream components of the GVC, focusing on areas where China has
considerable market leverage. This includes policies that encourage and support the mining
and ATP industries. However, as discussed previously, the need to strengthen the GVC

cannot be met by onshoring these capabilities. Policy makers should supplement domestic
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initiatives with policies encouraging investments and partnerships with foreign producers
in allied nations to ensure reliable access to critical inputs. This is especially true for

funding REE and CM mining exploration and development.

Finally, the government should invest heavily in R&D of the global SC industry to
ensure that policymakers are aware of the state of the GVC. This industry experiences
significant changes quickly, and the government must be finely attuned to developments
to make informed policy decisions. This knowledge is critical as the government continues
implementing and reacting to export controls designed to restrict access to key raw

materials and inputs required for a resilient GVC.

By implementing these policies, the United States can improve Intel’s position in
the SC industry, reduce strategic vulnerabilities, and enhance the resilience of the national

SC supply chain.

ACQUISITION RESEARCH PROGRAM
DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL

68



V. SUMMARY, CONCLUSIONS, RECOMMENDATIONS

A. SUMMARY OF FINDINGS

The findings of this thesis highlight Intel’s pivotal role in reshaping the U.S. SC
landscape under the CHIPS Act. These key points summarize the study’s significant
insights:

1. Intel’s Strategic Position in the Domestic Semiconductor Industry

Intel emerges as the only domestic player equipped to produce leading-edge chips.
Its role under the CHIPS Act solidifies its importance in driving U.S.-based SC

manufacturing and fostering technological advancements.

2. Reduction in Reliance on Foreign Suppliers

Intel’s expansion into the foundry business in advanced SC manufacturing
represents a critical step toward reducing the U.S.’s dependency on foreign suppliers,
particularly Taiwan and China. While challenges persist in areas such as back-end
manufacturing and reliance on China for raw materials and REE, Intel’s progress marks a

significant move toward enhanced supply chain resilience and strategic autonomy.

However, the GVC’s intricacy inherently limits the extent to which foreign reliance
can be eliminated. The CHIPS Act introduces meaningful advancements in domestic
capacity by supporting Intel’s efforts to manufacture advanced chips—a capability
previously exclusive to TSMC in Taiwan and Samsung in South Korea. TSMC and
Samsung have also established manufacturing facilities in the United States, contributing

to a nascent domestic ecosystem for leading-edge chip production.

Nevertheless, the GVC remains highly specialized and segmented, functioning
more as an oligopoly or even a monopoly than a traditional free market. The immense
capital and technological barriers to entry make it infeasible for numerous players to
replicate similar capabilities profitably. As such, complete decoupling from international

suppliers is not a realistic or feasible goal. Instead, the U.S. SC industry must navigate this
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complex ecosystem by leveraging domestic advancements while strategically engaging

with global partners to ensure stability and continued innovation.

3. National Security Implications

This study highlights the critical link between Intel’s manufacturing capabilities
and U.S. national security. A key achievement of the CHIPS Act is establishing domestic
capacity for manufacturing advanced SCs, a capability previously absent in the United
States. Intel’s JV with TSMC to produce advanced chips for its foundry business, coupled
with TSMC’s manufacturing operations in the United States, reflects a significant step
forward in addressing these gaps. However, as of this study, the extent of the new capacity
introduced domestically remains uncertain, and it is anticipated that it will take several

years of scaling before these efforts make a meaningful impact on the global market.

Expanding domestic advanced chip manufacturing capacity is pivotal for reducing
national security risks. It mitigates vulnerabilities tied to potential geopolitical disruptions,
such as a blockade, quarantine of Taiwan, or instability in South Korea, the only other
nation capable of producing advanced SCs. Intel’s efforts to establish a domestic supply of
advanced SCs mark an essential step toward mitigating national security risks. While these
capabilities are still developing, they promise to reinforce the resilience of defense systems,

communication infrastructure, and critical industries that rely on secure SC access.

4. Intel’s IDM 2.0 Strategy and Global Leadership

The CHIPS Act has provided critical support for Intel as it undertakes its IDM 2.0
strategy, a transformative initiative to reshape its role in the global SC landscape.
Historically, Intel has operated as an IDM focused on making chips for its products. Intel
is now evolving to include foundry services, enabling the production of advanced chips for
external customers. This marks a significant strategic pivot, which, if successful, would
position Intel as a more versatile competitor in an industry increasingly defined by

specialization.

Through IDM 2.0, Intel is making a concerted effort to reestablish its position in
advanced SC manufacturing. By integrating EUV lithography into its production
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processes, Intel is working to close the technological and competitive gap with these global
giants. These initiatives reflect Intel’s strategic response to evolving market demands and
broader goals associated with strengthening U.S. technological capabilities and supply

chain resilience.

B. IMPLICATIONS FOR THE SEMICONDUCTOR INDUSTRY

An extraordinary pace of innovation and relentless technological advancement
characterizes the SC industry. This constant drive to push boundaries demands substantial
and ongoing investment in R&D by firms striving to maintain competitiveness. Adding to
this dynamic environment is the GVC’s intricacy, a highly specialized, segmented, and
interdependent system. Each stage of SC production—spanning design, fabrication,
packaging, and distribution—is dispersed across multiple countries, creating a web of
complexity that introduces vulnerabilities to disruptions. Compounding these challenges
are significant geopolitical uncertainties, which further complicate the GVC’s stability and

amplify risks in an already fast-moving and competitive industry.

Amid these conditions, the CHIPS Act represents a transformative policy effort
designed to reshape the global SC market in favor of the United States. By incentivizing
domestic manufacturing and fostering innovation, the Act seeks to mitigate existing
vulnerabilities in the GVC and strengthen the U.S.’s position. Together, these factors
underscore the rapidly evolving nature of the SC sector and the critical importance of

proactive strategies to adapt to its challenges and opportunities.

1. Domestic Production Strengths

Intel’s capacity expansion marks a critical step toward bolstering U.S. SC
manufacturing and innovation leadership. By enhancing its domestic footprint with
investments in state-of-the-art facilities in Ohio, Arizona, and Oregon, Intel addresses
supply chain vulnerabilities while positioning itself as a key player in advanced cutting-
edge technology. Technologies such as Intel’s Foveros 3D and EMIB packaging solutions
improve chip performance and underscore Intel’s commitment to establishing the United

States as a global hub for advanced SC innovation. These advancements reinforce the
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country’s ability to compete in areas such as Al, data centers, and quantum computing,

aligning with strategic goals for technological sovereignty and economic resilience.

2. Global Competition

Intel’s efforts to regain leadership in the SC industry occur amid fierce competition
from international giants TSMC and Samsung. Both companies maintain an edge in high-
yield production of advanced nodes and dominate the global market share. While Intel has
made significant strides with its IDM 2.0 strategy and developing advanced nodes, it still
faces challenges in achieving the same high-volume efficiency as its rivals. The CHIPS
Act somewhat levels the playing field by incentivizing domestic and foreign investment in
the United States, as demonstrated by TSMC’s Arizona facilities and Samsung’s Texas
plant. However, Intel’s success will largely depend on its ability to scale its manufacturing
processes effectively, as the company has yet to replicate the production capacities of
competitors like TSMC and Samsung. Achieving this will be crucial for Intel’s market
competitiveness and fostering broader supply chain resilience and stability within the SC

industry.

3. Supply Chain Resilience

Despite the gains from Intel’s domestic expansions, global SC supply chain
vulnerabilities persist. China remains a dominant player in ATP services and the mining
and refinement of REE and CM, which are essential for producing SCs. Export restrictions
imposed by China have amplified concerns about material shortages, underscoring the
necessity for supply chain diversification. Additionally, Taiwan’s outsized role in
advanced SC manufacturing continues to present geopolitical risks, as any disruption,
whether due to conflict, economic pressure, or natural disasters, could significantly impact

global production.

While Intel’s expanded capabilities contribute to reducing reliance on foreign fabs,
critical gaps in ATP, REE, and CM supply chains remain significant U.S. national security
risks. The long timelines required to establish domestic production and refining capabilities

for raw materials, combined with the specialized nature of ATP, emphasize the need for
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continued policy intervention and strategic partnerships with allied nations to secure these

essential resources.

Intel’s capacity expansion, supported by the CHIPS Act, has the potential to
reshape the current U.S. SC industry. However, achieving true supply chain resilience will
require a comprehensive approach that addresses persistent vulnerabilities in advanced
packaging, back-end manufacturing, raw materials, and geopolitical dependencies. These
broader implications underscore the interconnected nature of the SC ecosystem and the

ongoing need for innovation, investment, and collaboration.

Importantly, the CHIPS Act must not be viewed as a standalone solution. While it
represents a significant step forward, the U.S. government must recognize the need for
continued efforts to address high-risk vulnerabilities in the GVC, such as REE, CM, and
advanced packaging. Moreover, the interconnected nature of the GVC means that
disruptions in any part of the world can trigger cascading effects across the ecosystem. To
safeguard U.S. technological and economic stability, policymakers must remain vigilant
and prepared to anticipate and respond to these challenges with agility and foresight.
Sustained attention and investment are imperative to fortify the SC supply chain against

future risks and ensure long-term resilience.

C. IMPLICATIONS FOR NATIONAL SECURITY

The strategic importance of Intel’s capacity expansion under the CHIPS Act
extends far beyond economic considerations, encompassing critical national security
priorities. This section explores Intel’s role in the GVC, evaluates vulnerabilities tied to
China’s dominance and Taiwan’s advanced chip production, and examines the geopolitical

impact of export controls.

1. Intel’s Role in Mitigating Supply Chain Risks

As the sole U.S.-headquartered company capable of producing leading-edge chips,
Intel is uniquely positioned to address vulnerabilities in the SC GVC. The domestic
production of advanced SCs, supported by Intel’s IDM 2.0 strategy, is pivotal in securing

critical defense systems, communication infrastructure, and emerging technologies such as
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Al. By reducing reliance on foreign suppliers, Intel mitigates risks associated with

disruptions from geopolitical conflicts, trade embargoes, or infrastructure vulnerabilities.

While Intel has demonstrated its ability to develop advanced SC technologies,
scaling production to meet industry demands remains challenging. Its advanced packaging
technologies, including Foveros 3D and EMIB, enhance chip performance and
adaptability, ensuring their suitability for complex defense applications. However,
achieving high-volume, efficient production of these sensitive and high-performance SCs
is essential to secure domestic supply and reduce the risk of supply chain infiltration by
adversarial actors. Intel’s success will depend on innovation and its ability to manufacture

at scale and deliver consistently to meet critical national security needs.

2. Risks Tied to China’s Commerce and Taiwan’s Advanced Capacity

China’s control over the global supply of REE and CM and its significant role in
ATP services pose substantial risks to U.S. supply chain resilience. Recently imposed
export restrictions on REE and CM have highlighted the vulnerabilities in the relationship
between the United States and China. These materials are indispensable for SC
manufacturing and broader electronics production, affecting industries ranging from

consumer goods to military technologies.

The absence of diversified sources for these critical inputs means the United States
remains highly exposed to potential disruptions, with no immediate alternatives for
addressing its dependence on China for REE, CM, and back-end manufacturing. While the
mutual interdependence between the United States and China provides some stability, it
does not eliminate the risks. Given that these vulnerabilities will likely persist in the near
term, the United States must account for them thoughtfully when formulating strategic
policies and decisions regarding its relationship with China. Acknowledging these supply
chain risks is essential for developing long-term solutions that bolster resilience, secure

critical resources, and mitigate potential geopolitical and economic fallout.

Taiwan’s central role in advanced SC manufacturing presents another strategic
vulnerability. With TSMC responsible for over 90% of global leading-edge chip

production, the geopolitical risk surrounding Taiwan is a critical concern. Any disruption
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to Taiwan’s manufacturing capabilities — whether through military aggression or economic
coercion — would have devastating consequences for the availability of advanced SCs in
the global supply. Intel’s capacity expansions seek to offset these dependencies, but its
reliance on TSMC for specific technologies, such as the 20A node manufacturing,

illustrates the difficulty in achieving complete independence from Taiwan.

3. Geopolitical Consequences of Export Controls

The U.S. has implemented export controls to restrict China’s access to specific SC
manufacturing equipment critical for producing advanced chips. However, these policies
have triggered significant repercussions, including retaliation by China against U.S.
companies and with their own export controls, reduced market access, and revenue losses
that hinder innovation. With approximately 20% of SC industry revenue typically
reinvested into R&D, these constraints have slowed the pace of technological
advancement, further intensifying the challenges U.S. firms face in maintaining global

competitiveness.

Export controls also heighten geopolitical tensions, as target nations often respond
with retaliatory measures that further disrupt global trade. In the case of SCs, such
retaliation could exacerbate supply chain bottlenecks and intensify competition for
essential materials. These dynamics underscore the need for export policies that balance
national security and economic resilience, while fostering multilateral agreements with

allies to enforce controls effectively.

Intel’s capacity expansion and technological advancements bolster U.S. national
security by securing critical SC supplies and reducing dependence on foreign
manufacturers. While progress has been made in mitigating supply chain risks, challenges
tied to China’s dominance over REE, CM, back-end manufacturing, and Taiwan’s
outsourced role in advanced chip production remain significant. Export controls, though
essential for safeguarding U.S. technologies, must be carefully managed to avoid
unintended consequences that could impact industry innovation and international relations.
Addressing these interconnected risks is essential to securing a stable and resilient SC

ecosystem for the future.
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D. POLICY RECOMMENDATIONS.

To ensure Intel’s long-term competitiveness and bolster U.S. resilience in the SC
supply chain, this study outlines actionable policy steps aimed at addressing key

vulnerabilities and strengthening strategic advances:

1. Strategic Investments

Sustained funding through policy initiatives such as the CHIPS Act is vital for
supporting the health of the domestic SC industry. Specific attention should be directed

toward:

o Expanding domestic production capacity to include leading-edge nodes and

advanced packaging facilities,

o Providing financial incentives for workforce development programs that cultivate

a steady pipeline of skilled technicians, engineers, and operators,

o Strengthening public-private partnerships to align federal investments with

corporate expansion efforts, ensuring a high return on investment, and

o Building on the U.S.’s chip design and EDA leadership to ensure continued
leadership in front-end innovation. The United States remains a global leader in
developing chip architectures and designing tools integral to the SC ecosystem.
This strength should be supported and integrated into broader manufacturing

initiatives to maximize the industry’s competitive edge globally

However, it is crucial to recognize that the CHIPS Act must serve as a starting
point, not the conclusion, of government support. While the Act introduces transformative
incentives, the fast-evolving nature of the SC industry necessitates sustained and adaptive
policy efforts. Regular policy evaluations should be conducted to assess the industry’s
health and competitiveness, ensuring that it effectively meets domestic and global

challenges.
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Policymakers must also remain prepared to introduce new legislative initiatives or
expand existing measures to address emerging technological advancements, supply chain
vulnerabilities, and workforce demands. By maintaining a forward-looking approach, the
U.S. can safeguard the strategic and economic benefits of a robust and innovative SC

ecosystem.

2. Supply Chain Diversification

Broadening the global supply of REE and CM reduces vulnerabilities and ensures

resilience in the SC value chain. This entails a multipronged approach:

o Domestic Efforts: Expand manufacturing and refining infrastructure in the United

States, including exploring sustainable methods,

J International Partnerships and Diversified Sources: Establish strategic
partnerships with allied nations like Australia, Canada, and Indonesia to access
their significant reserves while encouraging U.S. private investment in foreign
firms to support exploration and production. Collaborate with industry
stakeholders to integrate untapped or underutilized reserves globally into the

value chain, reducing reliance on a few dominant suppliers; and

o Innovation and Substitution: Provide R&D investment for alternative materials
and technologies to replace REE and CM in critical applications, alleviating

demand pressure.

By prioritizing these strategies, policymakers and industry leaders can enhance
supply chain security while fostering a resilient and interconnected ecosystem for the

future.

3. Research and Development

Investing in innovation is crucial for maintaining U.S. leadership in SC technology.

Policymakers should

o Prioritize funding for R&D initiatives focused on advancing leading-edge process

nodes and packaging technologies,
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o Leverage Al to analyze the GVC. Utilize Al to map interdependencies, identify

vulnerabilities, and support adaptive policymaking as the industry evolves, and

o Expand collaborations with research universities and national laboratories to

accelerate SC fabrication and materials science breakthroughs.

4. Export Controls

While safeguarding IP and preventing adversaries from acquiring critical
technologies, export controls must be carefully calibrated to avoid unintended

consequences. Policymakers should

o Develop nuanced export policies that balance national security with the need to

preserve market access for U.S. SC companies,

o Collaborate with allied nations to enforce multilateral export controls, minimizing

the potential for economic retaliation, and

o Regularly review export restrictions to ensure they align with evolving

geopolitical and technological conditions.

S. Education and Workforce Training

Addressing the talent gap is imperative for meeting the SC industry’s workforce

demands. Key recommendations include

o Expanding federal and state support for STEM education programs at both the K-

12 and higher education levels,

o Partnering with community colleges to create tailored training programs, such as

stackable technician certifications and apprenticeships, to meet industry needs,

o Supporting the expansion of a well-trained, educated workforce across the GVC.
The interconnected nature of the SC industry demands a broader talent pool, not
just within the United States, but internationally. Investments in education and

training programs that enhance skills across the GVC will strengthen
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collaboration, increase innovation, and ultimately benefit all stakeholders,

including the United States, and

o Establishing partnerships between SC companies, educational institutions, and

government agencies to create sustainable workforce pipelines.

By adopting these policy measures, the United States can bolster its capacity to
compete globally, reduce strategic dependencies, and enhance the resiliency of the SC
supply chain. These steps will secure critical national security technologies and position

the United States as a leader in innovation, collaboration, and technological sovereignty.

E. FUTURE RESEARCH DIRECTIONS

The evolving dynamics of the SC industry demand ongoing investigation to address
current challenges and capitalize on emerging opportunities. This study’s findings
highlight several critical areas where future research can build on these insights to inform

effective policymaking, industry strategies, and technological innovation.

1. Innovative Materials

Exploring new materials and production processes could significantly enhance SC
performance and reduce manufacturing costs. Future research should identify alternatives
to critical materials like REE and CM to minimize reliance on nations like China.
Investigating advanced materials with improved electronic and thermal properties could

pave the way for more efficient and sustainable SC production.

2. Supply Chain Resilience

The SC GVC remains highly vulnerable to disruptions caused by geopolitical
tensions, natural disasters, or economic instability. Research aimed at developing strategies
to strengthen the supply chain resilience is essential. This could include diversifying supply
sources, advancing domestic ATP capabilities, and improving collaborative partnerships

with allied nations to mitigate risks tied to single points of failure.
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3. Addressing Workforce Shortage

Understanding labor dynamics and developing sustainable solutions are essential
for meeting the SC industry’s workforce demands. Future research should explore
strategies for bridging this gap, including enhancing educational programs, targeted
recruitment efforts, and initiatives to retain skilled workers in STEM fields. Studies on the
effectiveness of workforce development policies under the CHIPS Act could provide

valuable insights.

4. Sustainability

As environmental concerns gain prominence, examining the sustainability of SC
manufacturing is crucial. Research should focus on minimizing resource consumption,
reducing waste, and implementing eco-friendly technologies and materials. Developing
frameworks for sustainable manufacturing practices will reduce the industry’s carbon

footprint and improve global competitiveness.

5. Cost and Benefits in Policy Outcomes

Future research could analyze the long-term effects of the CHIPS Act on the U.S.
SC industry. It will be critical to evaluate how well the incentives drive domestic
production and whether they enhance global competitiveness. A detailed assessment of
policy outcomes will help refine future legislation to address industry challenges more

effectively.

6. International Semiconductor Legislation

Examining SC-related legislation in other countries can uncover best practices and
lessons that could guide U.S. policy adjustments. Comparative studies could show how
nations like South Korea, Taiwan, and China have effectively supported their SC industries

through government initiatives and investments.

7. Global Market Dynamics

The impact of U.S. SC policies on global market dynamics warrants further

exploration. Research should assess shifts in trade patterns, competitive positioning, and
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the evolution of international collaborations in the SC sector. Understanding these
dynamics will provide a broader context for evaluating the CHIPS Act and similar

initiatives.
8. Technological Advancements

Research should continue investigating emerging technologies and practices that
improve SC manufacturing efficiency and reduce dependencies on specific regions or
resources. Future studies could focus on breakthroughs in advanced packaging, alternative
chip architectures, and innovations extending the capabilities of existing process

technologies.

9. Economic and Security Interdependencies

Analyzing the economic and security implications of global SC supply chain
interdependencies is essential for understanding the broader geopolitical landscape. Future
research could delve into the effects of international collaborations and trade policies on
U.S. security and economic stability, offering insights for optimizing partnerships and

policies.

By addressing these critical areas, future research can deepen our understanding of
the SC industry’s strategic importance, enhance its resiliency, and guide policymakers and
industry leaders in making informed decisions. These studies will play a vital role in
sustaining growth, innovation, and technological leadership in an increasingly

interconnected and competitive global landscape.

F. FINAL THOUGHTS

The CHIPS Act represents an important, albeit initial, step in addressing
vulnerabilities and bolstering the U.S. SC industry. While it has catalyzed discussions
around reshoring and technological leadership, its impact remains difficult to quantify. The
Act alone is insufficient to reshape the SC landscape, particularly as key players like TSMC
maintain the bulk of their manufacturing capacity abroad. Intel continues to rely on external

foundries for critical production processes.
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Intel’s IDM 2.0 strategy exemplifies the ambition to evolve from a vertically
integrated model to one incorporating foundry services, echoing aspects of Samsung’s dual
model of producing chips for internal and external customers. While Intel has made
considerable progress, such as its focus on advanced process nodes like 20A, the reality is
that substantial challenges remain. Intel’s recent JV with TSMC highlights the difficulty
of achieving self-sufficiency in advanced SC manufacturing, as Intel shifts the production
of critical chips to external partners. This raises questions about the extent to which Intel,
or even the broader U.S. SC ecosystem, is truly expanding domestic capacity and lessening

reliance on foreign supply chains

Despite this progress, significant challenges remain. Achieving complete
technological independence and supply chain security requires overcoming persistent
vulnerabilities, such as workforce shortages, reliance on critical raw materials like REE
and CM, and the geopolitical complexities of the global SC ecosystem. Yet, these
challenges also present opportunities. Investments in workforce development, strategic
partnerships with allied nations, and breakthroughs in advanced technologies offer a path

to sustained leadership and resilience.
As Miller (2022) notes,

Intel...is still America’s biggest and most advanced chipmaker. However,
its future is more in doubt than at any point since Grove’s decision in the
1980s to abandon memory and bet everything on microprocessors. It still
has a shot at regaining its leadership position over the next half decade, but
it could just as easily end up defunct. What’s at stake isn’t simply one
company, but the future of America’s chip fabrication industry. Without
Intel, there won’t be a single U.S. company—or a single facility outside of
Taiwan or South Korea—-capable of manufacturing cutting-edge
processors. (2022, p. 332)

This underscores Intel’s critical role in the U.S. SC landscape, not just as a

corporate entity but as a linchpin in the nation’s technological and economic security.

The SC GVC remains deeply interconnected, and China continues to hold
significant leverage as a supplier of REE and CM. Developing domestic capacity for these
resources is essential, but meaningfully reducing dependency will require sustained

investment over decades. The narrative of lessening foreign reliance is, at best, aspirational
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at this stage, as the U.S. supply chain struggles to overcome persistent bottlenecks and

achieve resilience.

The CHIPS Act has brought much-needed attention and funding to these
challenges, but its success depends on sustained momentum and far more significant
investment. A single piece of legislation cannot solve the geopolitical and economic
complexities of building a robust and independent SC supply chain. While the Act mirrors
initiatives like China’s “Big Fund,” it pales compared to the scale and continuity of

investment needed to achieve parity.

In summary, while the CHIPS Act signals progress, expectations must remain
grounded in the understanding that meaningful change is neither quick nor guaranteed.
Milestones have already begun slipping, and the challenges faced by major players such as
Intel and TSMC illustrate the uphill battle ahead. Securing U.S. leadership in the SC
industry will require continued commitment, substantial funding, and a strategic focus on
fostering resilience and innovation in a highly competitive and interdependent global

ecosystem.
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DISCLOSURE STATEMENT

This paper was prepared and edited with the assistance of Microsoft Copilot, an Al
companion created by Microsoft. Copilot provided support in narrowing our topic
sufficiently to focus our research and complete the project plan in the allotted time.
Following Professor Alan Nelson’s suggestions, we consulted the Generative Al page on

the Dudley Knox Library website to ensure we understood the boundaries.

Our team chose Microsoft Copilot. Using the NPS Capstone Project Plan fields as
a guide, we asked Copilot to provide a thesis statement based on XYZ (copy/pasted our
VERY broad topic) and the research questions QRX (copy/pasted our draft research
questions). After reading the output, we requested Copilot narrow the topic to a project that
could be completed within four months by three people. We then engaged in a back-and-
forth exchange with Copilot regarding the output, asking it to expand some points and

remove others until we were satisfied.

We then asked Copilot to refine the following into a Problem Identification section
of a project plan for a thesis based on the provided topic. We entered the blurb we had
previously written/submitted for assignment one in MN 4045. We refined the output using

our own words.

Next, we told Copilot to refine our previously provided research questions based
on the provided thesis statement and problem identification. We reviewed the questions

provided, selected two, and kept one of our original questions.

We also requested that Copilot refine our project objectives based on the suggested
thesis statement provided in our draft objective and suggest a project outline for the
recommended thesis. We further refined the output from each request, accepting some
suggestions and rejecting others. We then discussed this project plan with our advisors and

tweaked it based on their feedback.

We drafted a section of the literature review and combined the draft into a single
document. During drafting, if there were confusing areas, we utilized Copilot to offer

suggestions for improving the clarity and coherence of the content. The authors made all
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final decisions regarding the content and structure of the paper. The literature review was
initially written for Professor Alan Nelson’s course, and he permitted/encouraged the use
of Al applications in his course. After completing our initial draft, we used the tool to help

refine lengthy/confusing sentences during editing.
First, we entered the following:
Help make this more understandable:

We then entered any run-on sentences or confusing paragraphs. We refined the
output with our own words.

Additionally, we used Copilot to assist in organizing our information. For this
process, we entered the following:

Help organize this information into a more cohesive thesis section titled

“XXX”[inserting the title of the thesis section we were working on]:

We then entered our section of the thesis. We reviewed the output and incorporated

some of the suggestions.

For the Analysis section of our paper (chapter four), with the permission/
encouragement of Professor Frank Kragh, we used Copilot to assist in preparing portions

of our outline. For this process, we entered the following:

The following is an outline for a thesis section titled “XXX[inserting the title of

the thesis section we were working on]:
We then entered our outline section, skipped a space, and entered the following:
Please make suggestions for improvement.

We then exchanged ideas until we were satisfied with the results, keeping some
and dismissing others. These sections of the outline were then used as the basis of the

analysis.

Sometimes, if the output suggested areas we had not considered for research, we
requested additional sources. For this process, we entered the following:
Please provide references for the section titled “XYZ” [inserting the title or

subtitle from the outline area suggested]
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We then reviewed the resources provided and decided whether to incorporate that
area into our research (thus leaving it in the outline) or not (in which case we removed it

from the outline).

Throughout the drafting of the remaining sections of the paper, we used Copilot to
assist in organizing information and/or refining lengthy/confusing sections using the

processes described above.

Once our paper was complete, we used Copilot to edit/proofread. For this process,

we entered the following:
Please proofread/edit the following:

We then copied/pasted our entire paper (in sections). We reviewed the output and

incorporated some of the suggestions.

After receiving feedback from our co-advisors, we used Copilot to assist with
rewriting specific paragraphs to ensure they were neutral, as the resources used for the
section were primarily Intel’s press releases and annual reports, which resulted in an

undertone of less objectivity than desired. For this process, we entered the following:

Make this paragraph sound less like business development for Intel and more

neutral:

We then copied/pasted the paragraph. We reviewed the output and incorporated

some of the suggestions.

Finally, we used Grammarly to proofread the entire paper, searching for
grammatical errors and suggestions. We again reviewed the output and incorporated some

of the suggestions.
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