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1. INTRODUCTION

he global semiconductor industry is a complex, interconnected web of knowledge-intensive activ-

ities and manufacturing processes that are an essential element that drives economic growth and
enhances security, and technological innovation. Semiconductor chips are having a bigger impact on
global development than the Industrial Revolution did. They are found in many everyday devices like
smartphones, computers, medical devices, and in complex systems like the internet, electric vehicles,
airplanes, and advanced weapons. However, the industry faces both challenges and opportunities as
new technologies emerge, including generative artificial intelligence (Al), quantum computing, the
Internet of Things (IoT), and advanced wireless communications, particularly 5G and advances into
6G (Foreign Policy, 2021). All of these technologies rely on the latest semiconductor-enabled devices.
Sales are projected to reach USD 520 billion in 2023, with an expected increase in 2024 to USD 588
billion. This marks a 13% improvement over 2023 and is 2.5% higher than the record revenue of USD
574 billion achieved in 2022. The stock market often serves as a leading indicator of industry perfor-
mance, and as of mid-December 2023, the combined market capitalization of the top 10 global chip
companies reached USD 3.4 trillion. This represents a 74% increase from USD 1.9 trillion in November
2022 and is 17% higher than the USD 2.9 trillion recorded in November 2021 (Deloitte, 2024).

For decades, the U.S. has led the semiconductor industry, controlling 48% of the market share in revenue,
which amounted to $193 billion in 2020. Eight of the 15 largest semiconductor firms in the world are
based in the U.S., with Intel holding the top position in sales, followed by TSMC from Taiwan. China,
on the other hand, is a net importer of semiconductors and heavily relies on foreign manufacturers,
particularly those in the U.S., to support most of its technology needs. In 2020, China imported $350
billion worth of chips, marking a 14.6 percent increase from the previous year. Over the past years,
through its Made in China 2025 initiative and the Guidelines to Promote National Integrated Circuit
Industry Development, China has been actively working to boost its domestic semiconductor sector.
The country is using financial incentives, intellectual property strategies, and antitrust standards
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to reduce its dependence on the U.S. and position itself as a global technology leader. Conversely,
Northeast Asia, particularly Taiwan and South Korea, has focused on advanced manufacturing and
holds a significant share of global fabrication capacity in cutting-edge nodes (Foreign Policy, 2021).

As competition between the U.S. and China has intensified—especially during the first Trump
administration—the U.S. has moved toward partial decoupling with China by tightening semicon-
ductor export controls and implementing stricter licensing policies, particularly toward Chinese
entities. There are also ongoing concerns about China’s ability to acquire American technology
through civilian supply chains and how this may integrate with Chinese military and surveillance
capabilities (Poitiers & Sekut, 2024).

This research paper aims to investigate the potential impacts on global economic growth if the
semiconductor industry becomes fully decoupled between the U.S. and China. The analysis will
consider the extensive integration and complementary positions of these nations within the global
semiconductor value chain, as well as the potential economic and innovative costs associated with
a complete decoupling.

2. THESEMICONDUCTORINDUSTRY VALUE CHAIN

Semiconductors, commonly known as “chips”, are essential components that allow electronic devices
to operate. They serve both civilian and military purposes and are found in a wide variety of prod-
ucts, including computers, mobile phones, vehicles, and household appliances. The semiconductor
industry is among the most critical sectors of the global economy. In 2023, despite experiencing
a cyclical market downturn that lingered early in the year, global sales rebounded in the second
half of the year to reach $527 billion. Nearly 1 trillion semiconductors were sold globally, more
than 100 chips for every person on earth (SIA, 2024). The production of semiconductors is closely
connected to the global value chain (GVC), meaning that their manufacturing takes place in various
locations around the world and specilised in different categories. Semiconductor companies can
be categorized mainly into three different types. First, Integrated Device Manufacturers (IDMs)
are companies that own and operate their manufacturing facilities, and they design and produce
their own semiconductor products (e.g., Intel, Samsung, Texas Instruments). IDMs handle both
product intellectual property (IP) and manufacturing assets. Second, Fabless Chip Companies
(FCCs) are entities that do not have their own manufacturing facilities. Instead, they focus on
designing semiconductor products and selling the IP. They outsource the manufacturing to other
companies. This model is referred to as “fabless.” (e.g., AMD, Nvidia, Qualcomm, and Zhaoxin).
Third, Pure Play Foundries are manufacturing-focused companies (e.g., TSMC, GlobalFoundries,
and UMC). They specialize in semiconductor manufacturing, using their own facilities. They
tend not to design their own Integrated Circuits (IC) but instead manufacture products for various
companies, including fabless design firms and other IDMs (Chang & Matsumoto, 2022). Since
2003, fabless semiconductor companies have generally shown higher operating profit margins
and returns on equity compared to IDMs and foundries. This could be attributed to their focus on
design and IP, which may be more profitable than direct manufacturing (Shin et al., 2017). How-
ever, it’s important to note that each type has its advantages and disadvantages, and the optimal
choice depends on a company’s specific goals, resources, and market position. Today, all types
of chipmakers—IDMs, foundries, and fabless companies—rely on a highly specialized GVC
and open trade to move around various chip components. Each region has different strengths
in different areas. For instance, the U.S. leads the world in most knowledge-intensive activities
along the semiconductor value chain, such as chip design, electronic design automation (EDA),
semiconductor manufacturing equipment (SME), and core IP (Table 1).
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Table 1. Main Segments of the Global Semiconductor Value Chain

Design Wafer Fabrication Asseml?ly, Testing, and
Packaging
Intensive Input(s) Knowledge Capital and Labor Labor
Value Added to End 29.8% 38.4% 9.6%
Product
Schematic models and Nanometer-scale inte- Silicon wafers are sliced
. s hysical layouts of chi rated circuits from chi into individual chips,
Primary Activities gezligns arg created in ’ ﬁesigns are printed ontop packaged, tested, a?nd sent
specialized labs. silicon wafers. to end-use producers.
Foundry/Fabless Model Fabless Designers Foundries, or “Fabs” OSATs
Qualcomm (USA), TSMC (Taiwan), UMC JCET (China),
Foundry/Fabless Model Nvidia (USA), Medi- (Taiwan), SMIC (China), |ASE (Taiwan),
Firms aTek (Taiwan), HiSilicon |Hua Hong (China), Global | SPIL (Taiwan), Amkor
(China) Foundries (USA) (USA)
Integrated Device Manu- | Samsung (South Korea), SK Hynix (South Korea), Intel (USA), Micron (USA),
facturers (IDMs) Texas Instruments (USA), NXP (Netherlands), Tsinghua Unigroup (China)
Market Share Leader USA | Taiwan | China

Source: CSIS, 2022

The US, EU, and Japan jointly lead in the manufacturing of specialized equipment; China, Japan,
Taiwan, and South Korea lead in materials; South Korea and Taiwan lead in advanced node fab-
rication (sub-10 nanometer chips which are typically used for manufacturing high-performance
computing (HPC), Al, and other demanding applications. The assembly, test, and packaging
(ATP) footprint is concentrated in China and Taiwan (BCG & SIA, 2024). Additionally, the fast-
est-growing segment in semiconductors is projected to be chips designed to accelerate generative
Al workloads. According to a study from Deloitte (2024), this market is expected to exceed $50
billion in 2024, constituting nearly 10% of all global chip sales, compared to virtually zero in 2022.

Aside from the market value of semiconductor chips, both the semiconductor sector and the
broader technology sector hold significant strategic value for any country seeking to enhance its
industrial production and economic development. Scholars, such as Etzkowitz and Gulbrandsen
(1999), have highlighted the increasing dependence of businesses on technological advancements
and the growing role of government in supporting these developments for various purposes. The
US CHIPS Act, signed into law in August 2022, allocated US$39 billion in grants and loans for
semiconductor manufacturing have formed a network of industrial policies, domestically and
internationally. Similarly, the European Union introduced the European CHIPS Act, and China
launched the third round of its IC Industry Investment Fund. Additionally, various other incentive
programs have emerged across Asia and other regions. As a result, over 100 new semiconductor
manufacturing investments have been announced to meet the growing market demand, with these
investments spread across every major region worldwide (BCG & SIA, 2024).

3. THEU.S.INTHE SEMICONDUCTOR VALUE CHAIN

In the United States, the semiconductor market directly represents only 0.3% of GDP but it’s crucial
for other sectors that jointly make up 12% of GDP. The recent semiconductor shortage had significant
economic impacts, costing an estimated $240 billion in 2021 and leading to the production of 7.7 million
fewer cars. This shortage caused U.S. GDP to be 1% lower than it could have been, compared to an
average annual growth rate of 2% over the past decade. The U.S. dominates the semiconductor design
sector, holding over 40% of the global IC design market and more than half of the 2019 market share
in core IP. In 2021, the global EDA market was valued at $8.27 billion, with U.S. firms—Cadence,
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Synopsys, and Mentor Graphics—accounting for 70% of this market. The U.S. also leads in advanced
EDA software, which is crucial for designing state-of-the-art chips. In contrast, China’s EDA industry is
less advanced but growing, now holding only 2% of the global market. U.S. restrictions on EDA exports
to China push Chinese firms to lower their prices to close the technology gap. Despite these challenges,
companies like Empyrean are forming partnerships with major Southeast Asian manufacturers like
Samsung, leading to stock price increases. The U.S. is also a leader in producing and licensing core IP,
with major firms, including Intel and ARM at the forefront (CSIS, 2023). Additionally, since the start
of the CHIPS Acts in 2020, the initiative has driven significant investment in the US semiconductor
industry, with over $450 billion in private investments, 90 projects, and 17 preliminary agreements
worth $60 billion, expected to create over 176,000 new jobs. This growth is forecasted to increase US
fab capacity by 203% by 2032, with the US securing 28% of global capital expenditures and increasing
its share of global fab capacity from 10% to 14% (SIA, 2024).

Since 2022, generative Al has transformed industries, driving demand for Al chips. American
FCCs such as NVIDIA dominate the GenAl hardware segment with a 94% market share and saw
a 427% YoY revenue increase in early 2024. AMD is catching up, launching its MI325X chip
that has shown comparable compute results to Nvidia’s newest Blackwell chips (Deloitte, 2024).
However, in January 2025, a Chinese company called DeepSeek Al announced models that rival
those from the top US firms like OpenAl and Meta, while claiming to have developed for under
$6M, and using only legacy (previous generation) Nvidia chips. This achievement has raised
concerns among US tech firms and led to significant market reactions including a sharp decline
in Al-associated stocks such as NVIDIA and Broadcom (Reuters, 2025).

4. NORTHEAST ASIA ROLES

Taiwan and South Korea have emerged as global leaders in advanced semiconductor manufac-
turing, particularly in the production of chips using 7 and 5 nanometer (nm) processing nodes.
This prominence is largely due to the strength of their semiconductor industries, which are deeply
integrated into their respective economies and supported by robust government policies.

Taiwan’s semiconductor industry is dominated by TSMC, which is also the world’s largest dedicated
independent semiconductor foundry. TSMC has been at the forefront of technology development, pio-
neering the production of 7nm and Snm chips. These advanced nodes are critical for manufacturing
the most cutting-edge processors, which are found in HPC, GenAl, and 5G technology. TSMC’s lead
in these nodes gives it a significant advantage in attracting customers like Apple, Qualcomm, and
Nvidia, which rely on their fabrication services to produce their chips. In 2020, the Taiwanese federal
government provided an additional $260 million in subsidies for the development of its domestic sem-
iconductor industry. According to the MOEA, Taiwan’s semiconductor sector is estimated to grow to
$169.76 billion by 2030 (Foreign Policy, 2021). Taiwan has also become a geopolitical focal point because
the Trump administration’s moves to strengthen American-Taiwanese relations heightened tensions in
the Taiwan Strait and increased China’s military activity in the region, testing the US administration’s
resolve. Together, these factors present significant risks to a critical manufacturing node for the global
semiconductor industry. Taiwan represents one part of the industry’s complex ecosystem and shows
more broadly the increasing difficulty for companies and countries to remain insulated from geopol-
itics—particularly amid pressures contributing to U.S. and China decoupling. As geopolitical, trade,
and technology disputes mount and the resulting uncertainty continues to harm the global semicon-
ductor and broader technology supply and value chains, semiconductor firms are trying to secure their
manufacturing processes by stockpiling supplies or relocating production facilities—disrupting the
industry at large and leading to significant investments without a clear view on returns ( Yeung, 2022).
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South Korea’s prominence is driven by companies like Samsung, which is another major player
in advanced semiconductor manufacturing. Samsung has also developed capabilities to produce
chips on 7nm and 5Snm nodes. Samsung’s Foundry business unit competes directly with TSMC,
offering fabrication services to companies such as AMD and Google. Both TSMC and Samsung
have invested heavily in research and development to maintain their technological edge and con-
tinue to push the boundaries of semiconductor manufacturing. The control of global fabrication
capacity in these advanced nodes is a reflection of both countries’ success in merging technological
innovation with economies of scale. Their dominance in these areas has significant implications
for global supply chains and the competitiveness of products ranging from smartphones to super-
computers. Both Taiwan and South Korea have also been proactive in addressing the challenges
associated with scaling down to finer process nodes, including lithography, materials science, and
process control. Their continued investment in R&D and manufacturing infrastructure positions
them to maintain their leadership in advanced semiconductor manufacturing, even as the industry
evolves to 3nm and beyond (Yeung et al., 2023).

5. CHINA'S POSITION

China’s electronics industry is evolving significantly, mirroring global trends. The industry is tran-
sitioning from a vertical, static model to a more dynamic and disaggregated structure, similar to
global practices. This shift involves operating businesses in a network model, enhancing visibility
across the value chain, and establishing a dispersed supply chain due to China’s role as a global man-
ufacturing base. In terms of semiconductor manufacturing, China’s backend activities are growing.
Foreign investment plays a crucial role in China’s electronics industry, with Taiwan being a signif-
icant contributor. In 2004, Taiwan’s approved investment in China’s electronics industry surpassed
$4 billion, representing 15% of the total foreign direct investment (FDI). This investment is driven
by factors such as competitive manufacturing costs, relocation of value chain partners to China,
and the burgeoning domestic market demand fueled by China’s economic growth. As for market
share, China is expanding its presence in the semiconductor industry, with backend manufacturing
becoming an increasingly important aspect of its electronics sector. The country’s efforts to attract
foreign investment and its focus on developing domestic capabilities in semiconductor manufac-
turing suggest a strategic intent to increase its global market share over time. China has emerged
as a key player in the global semiconductor ecosystem, not only as a major consumer but also as a
manufacturer (Mainly in the systems integration and previous-gen fabrication space). While it still
relies heavily on foreign technology for cutting-edge chip design and fabrication, its government
has aggressively invested in domestic semiconductor capabilities under initiatives like the “Made in
China 2025” plan. China imports over $300 billion worth of semiconductors annually, SMIC is Chi-
na’s leading foundry but lags behind Taiwan’s TSMC and South Korea’s Samsung in advanced node
manufacturing. Moreover, major US tech companies, including Apple, Qualcomm, and NVIDIA,
rely on China for assembly and testing (CSIS, 2022, 2023).

The US has implemented export controls on advanced semiconductors and manufacturing tech-
nologies to China, citing concerns over military applications and human rights violations. These
restrictions, which have been followed by other countries such as the EU and Britain, aim to limit
China’s access to cutting-edge chip production capabilities, particularly in advanced node manu-
facturing (10 nm and below) and specialized Al-accelerating chips. As a result, many companies
have been navigating the complexities of regulatory compliance while anticipating future rules
and restrictions that arise from the ebbs and flows of geopolitics. China responded with retali-
atory measures and imposed export restrictions on critical semiconductor materials, including
germanium and gallium, in response to U.S.-led controls on advanced chip sales. This move has
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caused prices of these minerals to surge nearly twofold in Europe. China produces 98% of the
world’s supply of gallium and 60% of germanium has exacerbated global supply concerns. The
export requirements, necessitating individual approval and taking 30 to 80 days, have rendered
long-term supply contracts unfeasible (Financial Times, 2024).

The tit-for-tat move of ratcheting sanctions may have unintended consequences, such as driv-
ing China to develop its own domestic solutions and become self-sufficient in chip production,
potentially altering the global semiconductor landscape. The growing market for general Al chips,
expected to reach $50 billion in 2024, adds another layer of complexity to the evolving restrictions
and their potential impact on the industry (Deloitte, 2024).

The U.S. Trade Representative (USTR) has commenced an investigation into China’s alleged anti-
competitive practices in the semiconductor sector, focusing on foundational semiconductors used
in the automotive, healthcare, and defense sectors. This investigation, conducted under Section 301
of the U.S. Trade Act, could result in import restrictions or new tariffs on Chinese chip exports,
particularly impacting chips used in cars, appliances, and consumer devices. China is accused of
attempting to control the semiconductor market through non-market methods, including setting
market share objectives and fostering indigenization and self-sufficiency. Despite restrictions on the
sale of advanced chip manufacturing equipment to Chinese firms, China is rapidly increasing its
capacity for legacy semiconductor production, potentially doubling it by the end of the decade, with
government support. China has criticized the probe, raising concerns about potential supply chain
disruptions and retaliatory measures. The critical role of legacy semiconductors was underscored
during the COVID-19 pandemic when factory shutdowns caused shortages of electronic goods.
Over two-thirds of U.S. companies’ products incorporate chips manufactured in Chinese found-
ries. China’s export controls appear motivated by retaliation against U.S. pressure on Chinese tech
companies. Additionally, China may be using these controls to secure its own supply for industrial
advancement and to compete with the U.S. in semiconductor technology. There is a growing risk of
supply shortages for U.S. companies like Indium Corporation, with limited stocks of germanium
and gallium on hand, posing significant challenges for their operations (Financial Times, 2024).

6. POTENTIALIMPACTS ON DECOUPLING

As semiconductor chips become crucial to national security, The US and China need to assess
the policy implications for the private sector. Scholars estimate that if the U.S. fully decouples
and bans domestic semiconductor sales to China, U.S. companies could lose 18% of their global
market share and up to 40,000 skilled jobs. While this scenario is unlikely in the short term, calls
for stricter outbound investment and export controls are growing. Conversely, without expanding
existing restrictions, the U.S. would only lose about 8% of its market share. Many U.S. allies are
hesitant to cut trade ties with China. For instance, South Korea found a proposed semiconduc-
tor alliance with the U.S. “not fully acceptable.” Achieving self-sufficient supply chains would
require at least $1 trillion in investment, alongside significant operational costs and increased chip
prices. China faces even higher costs due to its reliance on foreign electronic design automation
and manufacturing tools. While it has made advancements, it lags behind global leaders like
TSMC and Intel. U.S. export restrictions hinder China’s efforts to become self-sufficient, causing
complications for domestic automakers needing advanced chip production. Additionally, decou-
pling could stifle innovation across the semiconductor industry. Barriers to market access and
technology transfers may disrupt the beneficial feedback loops established over 30 years, leading
to two separate ecosystems with increased costs and diminished innovation for semiconductor
users globally (CSIS, 2022, 2023).
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Additionally, Chris Miller, the author of “Chip War”, a best-selling book about the industry, notes
that China has partially decoupled from Taiwan due to tech sanctions and export controls imposed
by the West (sometimes enforced through Taiwanese firms, including TSMC). As a result Taiwanese
chip exports to China fell by 18% in 2023, from $58bn to $47bn. Chinese firms do not yet pose
a technological threat to TSMC, but they do pose a financial one: other Taiwanese firms in less
advanced areas may be undercut. China’s share of global capacity for making logic chips at 10-22
nanometres is expected to jump from 6% to 19% by 2032. This output will compete with TSMC’s
older facilities, which are still profitable for the firm, and those of other Taiwanese chipmakers.
If China decouples further, the silicon shield could become less effective at deterring a Chinese
invasion of Taiwan, because China would be disrupting infrastructure that it no longer relies on
(The Economist, 2024). Taiwan, by contrast, is America’s ninth-largest trading partner and a
semiconductor superpower at the heart of global supply chains. Taiwan has long been valued by
the United States as an alternative political model to Communist-run China. The two countries
had a mutual-defence treaty until 1979, when America supplied weaponry and said it would resist
forcible attempts to change Taiwan’s status as an independent nation in all but name. Taiwan also
sits at the nub of the western Pacific’s “first island chain and, under friendly management, offers
a crucial buffer to Japan, America’s main ally in the region, from Chinese threats. Given these
facts, American credibility is much more at stake in Asia over Taiwan than it is in Europe over
Ukraine. Losing Taiwan would mean the end of a security order in the region that America has
led since the second world war, and ceding to China the role of the region’s uncontested power
(The Economist, 2022).

7. OBSERVATIONS

The semiconductor industry is at a strategic crossroads as the U.S., EU, and China intensify
efforts to reduce reliance on foreign technology and secure national semiconductor capabilities.
However, given the deep interdependencies in the sector, as well as Taiwan and South Korea
dominating advanced fabrication, the U.S. leads in chip design and EDA tools, and the feasibility
of full decoupling remains highly questionable. Instead, the industry is likely to move forward; it
is quite unclear whether a complete decoupling would allow a country to achieve self-sufficiency
without sacrificing innovation and cost efficiency. Additionally, the protectionist policies create
unintended vulnerabilities rather than enhancing resilience.

From the view of the author, decoupling between the US and China in the semiconductor industry
may not be possible or may be very challenging for some reasons. First, in the semiconductor indus-
try, the global value chain is complex, with multiple countries and companies involved in different
stages of production, such as design, manufacturing, and assembly. Decoupling would require a
significant restructuring of these global value chains, which could be difficult and costly. Second,
the US has a comparative advantage in chip design and software development. Still, countries
like Taiwan and South Korea also have a comparative advantage in manufacturing, and China is
also leading the ATP footprint. Decoupling would require countries to develop new comparative
advantages, which could be difficult and not economically viable. Third, the network effects are
significant, with companies like Intel, TSMC, and Qualcomm developing ecosystems around
their products. Decoupling would require the development of new networks and ecosystems,
which could be challenging and impossible in the short term. Lastly, the US and China have a
significant trade relationship, with the US being a major market for Chinese electronics products
and China being a major supplier of components and assemblies to the US. Decoupling would
require a significant reduction in trade between the two countries, which could have significant
economic implications.
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Instead, China and the US should consider a balanced approach as essential to avoid overregulation
that could stifle innovation. Governments should prioritize investment in domestic semiconductor
equipment manufacturing and scaling up production of essential chips, especially with the rise of
Al, which further amplifies the need for strategic decision-making to ensure the industry’s contin-
ued growth and innovation. Additionally, strengthening the talent pipeline will require expanded
STEM education, tax incentives for semiconductor engineers, and fast-track visas to attract global
talent. China has made significant strides in developing its STEM education sector and has been
attracting talent from around the world. However, retaining top talent remains challenging, with
many Chinese engineers and researchers opting to work abroad. Rather than relying on scattered
investments, nations should develop semiconductor clusters—similar to Taiwan’s Hsinchu Science
Park—where fabs operate close to suppliers, packaging firms, and chip designers to maximize
efficiency and innovation. The future of the semiconductor industry depends on how nations
balance security with economic pragmatism. Will the push for self-sufficiency lead to sustain-
able technological advancements, or will fragmented supply chains result in inefficiencies and
stagnation. Those who take a strategic, adaptive approach will emerge as the dominant players in
the next era of semiconductor geopolitics.

8. CONCLUSION

In conclusion, China’s semiconductor industry faces significant challenges in developing a self-suf-
ficient and competitive domestic industry, and the country is likely to continue relying on foreign
manufacturers for advanced semiconductors in the near future. If a complete decoupling were to
happen, the U.S. and Chinese economies would suffer greatly, likely resulting in substantial economic
and innovative costs for both nations. It could disrupt global supply chains, reduce competitiveness,
and slow down technological advancements. The potential negative impacts on innovation and the
economy underscore the complex interdependencies in the semiconductor industry and the chal-
lenges associated with decoupling. To enhance their domestic manufacturing and competitiveness
in the semiconductor industry, both countries will need to address several key areas, including
tax policies, permit processes, export controls, and supply chain risks, and to implement reforms
and clarifications, such as defining foundational technologies and national security objectives and
assessing the impact of export controls on industries. However, a multilateral approach between
nations is recommended to foster international collaboration, driving innovation and economic
growth in the semiconductor ecosystem because when consumer products made from innovative
semiconductors are affordable to the public, technology would become truly transformative. As
more companies embrace this shift, the World hopes to see a semiconductor industry that is both
more powerful and accessible and can act as a positive global driver of prosperity.
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