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Executive Summary 

 
Problem Statement: In light of China’s pursuit of semiconductor 
independence, how can the US maintain industry leadership and 

supply chain resilience? 
 

Background: Why is semiconductor manufacturing an economic and national security 
imperative? 
Most Americans will encounter a dozen semiconductors within an hour of waking up in phones, 
coffeemakers, cars, dishwashers, traffic lights, and other devices that underlie modern life. In 2018, 
the US semiconductor industry employed 250,000+ people and generated over $200B in annual 
revenue. Semiconductors rank as the fourth-largest American export and provide the foundation for 
the global $2T electronics industry. Semiconductors enable our daily routines, power the US 
economy, and project American influence across the globe. 
 
The semiconductor production lifecycle is incredibly complex, capital intensive, and geographically 
concentrated. While the US remains a global leader in the industry, American chip companies are 
increasingly dependent on foreign chokepoints in the supply chain. The US maintains an advantage 
in semiconductor design and end-stage mass production but has ceded almost all leading edge 
manufacturing competitiveness to suppliers abroad. Today, US chip design companies like 
Qualcomm, Nvidia, and Apple send the majority of their chip designs overseas for manufacturing. 
The US technology industry relies on one company, Taiwan Semiconductor Manufacturing 
Company (TSMC), for 90% of its advanced semiconductor manufacturing.  
 
The US is increasingly reliant on leading-edge chips to power emerging technologies like Artificial 
Intelligence (AI). The most advanced manufacturers are now producing semiconductors at the 5nm 
node. For perspective, a human hair is around 75,000nm. As AI is integrated into business 
operations and national security technology, the US must maintain a steady supply of advanced 
chips. 
 
Risks: Will China achieve semiconductor independence? 
Semiconductor independence is a cornerstone of “Made in China 
2025,” China’s 10-year industrial plan to transform its economy 
from the ‘world's factory’ for cheap, low-quality products into a 
leader in high-tech manufacturing and services.1 China has used a 
combination of state subsidies, industry consolidation, and zero-sum 
tactics to promote the development of its semiconductor industry. China’s investment is 
unparalleled: state, provincial, and municipal leaders have allocated $118B in planned investment in 
semiconductor technology over five years.2  
 
China will likely remain partially dependent on foreign suppliers for high-end chips after 2030. As 
Moore’s Law slows down, however, experts across the semiconductor industry, finance, academia, 
and government agree that it is only a matter of time before China catches up to Western leaders.3 

 
1 Made in China 2025. U.S. Chamber of Commerce, 2017, www.uschamber.com/sites/default/files/final_made_in_china_2025_report_full.pdf. 
2 Haomiao Huang (Investor, Kleiner Perkins) in discussion with authors, January 2020, Palo Alto, CA. 
3 Zen Soo, et al., “China Sees a Chance to Close US Core Tech Gap with AI Chips in 5G Era,” South China Morning Post, 18 Sept. 2019, 
www.scmp.com/tech/enterprises/article/3027775/lagging-semiconductors-china-sees-chance-overtake-us-ai-chips-5g.  

“The [Huawei] ban was 
China’s Sputnik moment 

for semiconductors” 

- Haomiao Huang, 
Kleiner Perkins 2 
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The industry also faces near-term risks from China’s strategy. China’s zero-sum tactics like talent 
poaching and IP theft overwhelmingly target Taiwan, the most important country for US 
semiconductor manufacturing. An estimated one-third of the island’s engineers have been recruited 
through China’s “Thousand Talents Program” alone, and TSMC faces increasing pressure to 
support either US or Chinese national interests.  
 
As China pursues semiconductor independence, the US 
cannot afford to maintain the status quo. In the short term, 
the US may become increasingly dependent on Chinese 
companies for low-end hardware components. In the long 
term, China could leverage market leadership to restrict US 
companies’ access to critical components in the event of a 
military or political conflict. Additionally, as automation and 
artificial intelligence are integrated into defense systems, the 
US must maintain a reliable source of verified trusted chips. 
China’s AI accelerators pose a cybersecurity and supply 
chain risk if the national security community cannot secure 
domestic alternatives.4 

Recommendations: What untapped opportunities should the US prioritize? 
Without decisive action, the US risks moving from a position of leadership to one of dependence. 
We recommend three core areas of investment, policy support, and partnership to guide the 
National Security Commission on AI’s recommendations to Congress:  
 

1. Invest in Leading Edge Domestic Manufacturing: 

We suggest revitalizing one of two potential channels: GlobalFoundries’ advanced chip 
manufacturing program or Intel’s third-party foundry operations. In 2018, GlobalFoundries 
shuttered its 7nm program to focus on the growing low-end chip market, and Intel scaled 
back foundry operations after struggling to compete with TSMC on reliability and cost. With 
an infusion of R&D, GlobalFoundries may be able to achieve advanced manufacturing, or 
Intel may be able to resume third-party manufacturing at competitive costs and yields.  

Congress can provide financial and regulatory support, such as setting up an import 
processing zone next to Intel fab to incentivize investment in domestic advanced chip 
packaging. As detailed in the implementation section, the total financial commitment is 
estimated to be $20B annually. This could come from a public-private partnership model, as 
domestic US design houses may be incentivized to co-fund a competitive US alternative to 
TSMC and Samsung. 

2. Double Down on Support for US Strengths:  

The US has a competitive advantage in research, design, and innovation. We recommend a 
spectrum of policy changes that would increase support and reduce barriers that exist today. 
These reflect the most pressing needs early-stage semiconductor founders, investors, and 
engineers articulated in first-hand interviews. These recommendations include: 

 
4 Mark Edelstone (Managing Director at Morgan Stanley) in discussion with authors, January 2020, Cambridge, MA. 

“Whether our relationship with China 
as a country gets better or not, it’s… a 
fait accompli that China wants to be 

independent of US technology and will 
do everything they can to make that 
happen… it will only be a matter of 

time for at least some of the products 
they purchase today” 

- Mark Edelstone, Morgan Stanley 4 
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● Consolidate funding for semiconductor research under one oversight authority, such 
as DARPA (DOD) or the Office of Science Basic Research Needs (DOE), to 
increase the size and impact of federal research grants. 

● Develop a scholarship program for students who pursue graduate study in target 
fields, like electrical engineering or photonics, with a pathway to work in the US on 
long-term research or early-stage development. 

● Provide tax incentives for institutions that build and maintain leading semiconductor 
test facilities. Tax credits for small-scale semiconductor facilities in universities and 
accelerators could help defray prohibitively high upfront capital costs. 

● Streamline visa programs for employees at semiconductor startups. Semiconductor 
startups rely on foreign researchers for talent and struggle to secure visas for top 
engineers.  

● De-risk early-stage semiconductor investment for the private sector. Expand 
eligibility for non-dilutive capital, such as removing the 51% US ownership 
requirement for AFWERX5 grants, reducing compliance costs for US Treasury-
backed low-interest loans, and purchasing small batch orders from hardware 
startups. 

3. Drive International Collaboration: 

The current US approach relies on methods that are often defensive, counterproductive, and 
unilateral. We recommend a more proactive and collaborative approach to leverage common 
interests and increase pressure on China to reduce its use of illicit tactics. These 
recommendations include: 

● Explore a Western coalition for national semiconductor champions. US and EU 
companies have a security and business interest in reducing sovereign risk in the 
supply chain, and GlobalFoundries and Intel are better prepared to compete with 
TSMC and Samsung than any European company. Airbus serves as a useful model 
for cross-border collaboration.  

● Strengthen export controls on advanced manufacturing equipment and technology. 
ASML (Netherlands) is the sole supplier of EUV lithography, a technologically-
complex manufacturing process that uses ultraviolet light to etch patterns onto 
silicon at the atomic level. Tokyo Electron (Japan) produces almost 90% of key 
chemical materials like advanced EUV coaters and developers. An international 
export control agreement would significantly restrict China’s advanced 
manufacturing development and allows for greater precision than current industrial 
control policies. 

● Support Taiwan’s “Southbound” economic policy. Taiwanese politicians and 
entrepreneurs aim to position the island as a Southbound country with cultural and 
economic ties to neighbors like Vietnam. This strategy helps preserve Taiwanese 
manufacturing independence and decrease China’s influence in Taiwan.  

 
5  The US Air Force technology accelerator program. 
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Because the Commission reports to Congress, these 
recommendations encompass policy options available to 
Congress rather than the Commission itself. Some of these 
policy prescriptions can be achieved through legislation 
alone. Others, however, will require multiple years of 
development and demand a coalition of technology leaders, 
market professionals, and international partners. The most 
critical need, restoring advanced domestic manufacturing, 
demands immediate action. The US cannot wait until 2025 to 
evaluate whether Beijing has realized its economic goals. 
China has already demonstrated progress against “Made in China 2025,” and is rapidly deploying 
technologies like 5G and facial recognition that blur the divide between the physical and digital 
worlds. In a future in which every car, toothbrush, and weapon has a sensor, it becomes an 
economic and national security imperative to invest in semiconductor resilience today.6 

  

 
6 Michael J. Rogers (former U.S. Representative and Chairman of the Permanent Select Committee on Intelligence) in discussion with authors, 
December 2019, Cambridge, MA. 

“We have to bring economics 
back into the national security 

conversation” 

- Michael J. Rogers, former U.S. 
Representative and Chairman 

of the Permanent Select 
Committee on Intelligence 6 
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Methodology  
 
Research Process  
This report enhances existing literature with extensive first-hand interviews. Given the pace of 
innovation and sensitivity around semiconductor technology at the leading edge, open-source 
literature on the topic provides minimal guidance for up to date policy recommendations. 
Government reports and academic studies are often outdated by the time they become publicly 
accessible.  
 
Recognizing these limitations, we designed a research methodology that weighted primary and 
secondary source material according to relevancy and currency. We looked to government reports, 
industry symposiums, academic literature, and think tank reports for historical analysis, technical 
guidance, and policy frameworks. We conducted first-hand interviews and reviewed the latest annual 
reports to gather updated information on the industry and future trends. News sources provided 
valuable insight into M&A activity among Chinese technology companies.  
 
Expert interviews with industry leaders, policymakers, academic researchers, and entrepreneurs were 
a critical component of our research. The majority of these interviews took place over a three-week 
research trip to Taiwan, Japan, and California. This trip was funded by grants from Harvard 
Kennedy School’s Belfer Center for Science and International Affairs and Mossavar-Rahmani 
Center for Business and Government. We also conducted remote and in-person interviews in 
Boston, MA with leading experts in the US semiconductor and finance industries as well as US 
policymakers focused on technology and defense. The 35+ interviews completed include 14 industry 
experts, 8 investors, and 7 current and former government officials. See Appendix 1 for a full 
breakdown of interviews. 
 
Biases and Limitations   
As American students focused on national security, we brought certain biases to this topic: Western-
centric experiences, national allegiance to the US, and a security-focused mindset. Our disparate 
professional backgrounds—academic research and private sector consulting—helped us address 
some of these biases as a research team and mitigate their influence on our recommendations. 
 
We incorporated international perspectives from the media, international think tanks, professionals 
in Japan and Taiwan, and foreign representatives in the US. We operated with the assumption that 
our interviewees were speaking candidly, without ulterior motives, and cross-checked information 
with open-source material when possible. We also tried to assess the backgrounds of the individuals 
we interviewed to identify their interests and biases. We recognize that our interview findings are 
limited to the individuals we connected with—often Western-educated, English-speaking 
executives—and so cannot represent every perspective.  
 
Additionally, while we interviewed Chinese business leaders and experts on China’s political 
economy, we were unable to interview experts from China’s semiconductor industry. When 
possible, we gathered statistics and analysis from English-translations of official Chinese documents. 
 
Finally, our analysis faced limitations due to challenges inherent to the semiconductor industry. 
Semiconductors receive little public attention and are invisible to the majority of technology 
consumers. Among investors, there is significantly less interest in semiconductors than other areas 
of technologies, like enterprise software as a service (SaaS) platforms or “hot” areas like AI and 5G. 
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Because “Tough tech”7 is often more complicated, topics like semiconductors are more frequently 
covered in technical papers and scientific doctoral theses than policy reports or business-centric 
material. 

 
  

 
7 “Transformative technology that takes the long view, solving the world’s important challenges through the convergence of breakthrough science, 
engineering, and leadership.” “The Engine expands, responding to rapid growth of “tough tech,” MIT News, August 27, 2019, 
http://news.mit.edu/2019/the-engine-tough-tech-expands-0827. 
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Introduction to Semiconductors in the US: Ubiquity and Obscurity 
 
What is a Semiconductor? 
Most Americans will encounter over a dozen semiconductors within an hour of waking up. 
Semiconductors power everything from alarm clocks and microwaves, to phones and smartwatches, 
to cars and subway doors. At the most basic level, semiconductor devices, or “chips,” are small 
hardware components that power every digital device. They translate computer code into electrical 
signals that instruct a device to take every action, from turning on to loading a picture on a screen. 
They also play an outsized role in the American economy despite little public awareness of their 
existence and importance. 
 
Semiconductors can refer to devices like computer chips as well as a class of elements that have 
semiconducting properties. In this report, the term “semiconductor” refers to integrated circuits 
(IC), rather than the class of elements. An IC has two core components: a conductor, like copper, 
and a semiconductor, like silicon, that conducts electricity only under certain conditions. These 
properties allow the IC to switch an electric current on or off, which generates the digits 1 (on) and 
0 (off) in binary code. A computer processes and stores all software, images, and other information 
using binary. Engineers can reduce the size and energy needs of electronics by packing IC transistors 
into increasingly small surface areas.  
 
Powering the US Economy 
The US semiconductor industry is a key driver of American economic 
strength. The Semiconductor Industry Association (SIA) estimates the 
US semiconductor industry employed around 250,000 people and 
generated over $200B in revenue in 2018.8 In 2019, the US Bureau of 
Economic Analysis ranked semiconductors as the fourth-largest 
commodity export behind only petroleum, pharmaceuticals, and cars.9 
By enabling all downstream electronics manufacturing, the 
semiconductor industry is also critical to the $2T+ global electronics 
distribution sector. This includes US technology leaders like Apple, 
Microsoft, and Amazon that sell devices with semiconductors (e.g., Apple’s iPhone) and run 
platforms powered by equipment with semiconductors (e.g., Amazon Web Services). 
 
In addition to contributing direct value, semiconductor development supports innovation across 
other economic sectors. US semiconductor companies invested a combined $38.7B in R&D in 2018. 
Over the past twenty years, US semiconductor R&D investment as a percentage of sales exceeded 
10%, surpassing R&D investment rates among nearly all other US industries.10 The industry’s R&D 
and capital investment lead to positive downstream effects in related technology and manufacturing 
industries, such as consumer electronics. As the US Government’s share of total R&D declines, 
private sector R&D is increasingly important to maintaining the country’s technological edge. 
  
American semiconductors are also critical to US national security. Although the defense industry 
represents a fraction of total semiconductor sales, US semiconductor companies are trusted 
suppliers for mission-critical systems. Domestic design and manufacturing capabilities help reduce 

 
8 Semiconductor Industry Association (SIA), 2019 Factbook (San Jose, CA: SIA, 2019): https://www.semiconductors.org/wp-
content/uploads/2019/05/2019-SIA-Factbook-FINAL.pdf. 
9 U.S. Department of Commerce, “Monthly U.S. International Trade in Goods and Services,” press release no. CB 20-34, BEA 20-09, March 6, 2020, 
https://www.census.gov/foreign-trade/Press-Release/current_press_release/ft900.pdf.  
10 SIA, 2019 Factbook. 

US Semiconductors 
at a Glance 

250,000 Jobs 
$200B Revenue 

4th Largest Export 
$38.7B in R&D 
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cybersecurity and espionage risks. Unlike hardware produced overseas, the US Government has 
visibility into the security of the domestic supply chain during production. Additionally, many 
countries, including China, rely on US semiconductor exports for their domestic industries and 
critical infrastructure. This dependence creates a point of leverage wielded by the US in recent bans 
and export restrictions. 
 
US companies have historically dominated semiconductor sales, but China aims to outpace the US 
to become a leading producer of semiconductors by 2030. The US maintains a clear lead in global 
sales; the US semiconductor industry claimed 45% of the global market in 2018.11 In the 1990s, a 
trend towards industry consolidation widened the gap between US leading companies and their 
competitors, particularly in the semiconductor design space. During the same period of time, 
however, the US moved towards outsourcing nearly all leading edge manufacturing to 
semiconductor fabrication facilities (fabs) in East Asia. While the US owns valuable design and 
architecture IP, US companies are heavily dependent on foreign manufacturers. The upcoming 
section “China’s Rising Role,” expands on China’s economic goals and associated risks to US 
competitiveness.  
 
Impact on Artificial Intelligence 
Semiconductors will fuel the growth of artificial intelligence and machine learning (AI/ML), creating 
a multi-billion dollar market opportunity. AI typically refers to machines with human-like capabilities 
to perceive their environment and make decisions, such as an autonomous vehicle sensor that 
processes data on light intensity to turn the steering wheel of a car. Despite the excitement around 
AI-enabled tools and platforms, most sectors have not realized the majority of benefits from AI. 
Large segments of manufacturing and retail remain offline; only 1% of cars sold in 2016 had basic 
autonomous capabilities, and only 10% of total sales in the US and Western Europe occur online.12 
This leaves an enormous opportunity potential to increase productivity and revenue across 
industries. A global study by PwC predicts AI will add $15+ trillion to the world economy by 2030,13 
and the McKinsey Global Institute estimates leading countries will capture 20-25% of net economic 
benefits from AI.14 
 
Semiconductors are a core enabler of AI, which relies on chips optimized for 
certain tasks, like processing large amounts of training information, and 
qualities, like conserving power. AI chips sit at the base of the AI technology 
stack and power deep learning neural networks, a type of ML that can process 
larger data sets with a greater degree of independence. At the base layer, AI 
hardware involves optimized chipsets that accelerate tasks related to AI. These 
chips are more complex, and more expensive, than chips more commonly 
found in everyday appliances, like a washing machine or traffic light. AI chips 
include:  
● DRAM (Volatile memory) 
● NAND (Flash memory) 
● CPU, GPU, FPGA, NPU, ASIC (Logic) 
● Low-power chips in routers, switches, and other equipment linking servers and edge devices 

 
11 Ibid. 
12 Mekala Krishnan, Jan Mischke, and Jaana Remes, “Is the Solow Paradox back?” McKinsey Quarterly: June 2018, 
https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/is-the-solow-paradox-back. 
13 PricewaterhouseCoopers, Sizing the prize What’s the real value of AI for your business and how can you capitalise? (London, UK: PricewaterhouseCoopers, 
2017), https://www.pwc.com/gx/en/issues/analytics/assets/pwc-ai-analysis-sizing-the-prize-report.pdf. 
14 Jacques Bughin, Jeongmin Seong, James Manyika, Michael Chui, and Raoul Joshi, “Notes from the AI frontier: Modeling the impact of AI on the 
world economy,” McKinsey Global Institute, September 2018, https://www.mckinsey.com/featured-insights/artificial-intelligence/notes-from-the-ai-
frontier-modeling-the-impact-of-ai-on-the-world-economy#part2. 
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The AI chips above, also known as accelerators, provide speed, performance, and efficiency 
advantages over previous versions within the same family. These improvements create a compelling 
incentive for customers to purchase newer more specialized chips. In a recent industry report, 
McKinsey & Company predicted that AI chip sales could account for almost 20% of all 
semiconductor demand by 2025.15 Multiple financial services professionals interviewed for this 
report cited AI chips as one of the greatest growth areas for semiconductors, with over 80 startups 
around the world working on developing AI processors.16 This view was echoed in a recent USITC 
report, which forecasts that AI semiconductors will represent 19% of the overall semiconductor 
market by 2025.17 
 
US semiconductor resilience is essential to the country’s AI competitiveness. Companies that 
pioneer AI applications will require a stable supply of leading edge chips to reach the market. 
Businesses that deploy AI-enabled machinery will depend on secure chips to improve productivity 
while protecting their intellectual property. Cities that integrate AI technology into public services, 
like the smart grid and security systems, will rely on both security and stability to keep daily 
operations from grinding to a halt. As AI becomes increasingly integrated with national security, the 
defense community will rely on AI chips for autonomous weapons systems, logistics, and 
intelligence analysis. 
 
In order to capture value in the broader AI market, the US must defend its lead in semiconductor 
innovation. As AI becomes integrated throughout everyday life, the US must also maintain a secure 
supply of foreign-manufactured and packaged chips.  

 

 

 

 
  

 
15 Batra, Gaurav, et al. “Artificial-Intelligence Hardware: New Opportunities for Semiconductor Companies.” McKinsey &amp; Company, Jan. 2019, 
www.mckinsey.com/industries/semiconductors/our-insights/artificial-intelligence-hardware-new-opportunities-for-semiconductor-companies. 
16 Edelstone, in discussion with authors. 
17 John VerWey, “The Health and Competitiveness of the U.S. Semiconductor Manufacturing Equipment Industry,” (Office of Industries Working 
Paper ID-058 July 2019) 
https://www.usitc.gov/publications/332/working_papers/id_058_the_health_and_competitiveness_of_the_sme_industry_final_070219checked.pdf. 
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Overview of the Global Supply Chain 
 
Semiconductor production is capital-intensive, technically demanding, and geographically dispersed. 
Semiconductor supply chain complexity creates a counterintuitive dependence between leading US 
companies and their foreign supply partners. The following section provides an overview of key 
phases within semiconductor fabrication to contextualize US strengths, weaknesses, and risks. 
 
Production Phases  
Semiconductor production is broken into three phases: Design, Manufacturing, and Assembly, 
Testing, and Packaging (ATP). These phases vary widely across their capital intensity, value capture, 
and complexity.  
 

1. Design: Development of chip 
architecture, requirements, and 
operations. Engineers map out the 
electronic circuit patterns etched on 
a chip based on its specifications 
like power, functionality, speed, and 
cost. 

2. Manufacturing: Front-end 
fabrication of the physical product, 
a semiconductor wafer. This takes 
place in a technologically complex, 
ultra-clean semiconductor 
fabrication plant (fab).  

3. Assembly, testing, packaging (ATP): Back-end manufacturing, where the semiconductor 
wafer is separated into individual ICs, tested for defects, and packaged for final sale.  

 
Design and manufacturing are the most technologically-complex and capital-intensive phases. They 
each account for approximately 45% of the final chip value. Given the high barriers to entry, a 
handful of companies dominate each phase. ATP, in contrast, does not require expensive equipment 
and the same degree of advanced engineering talent. This phase accounts for the remaining 10% of 
the chip value.18 
 
Other companies that play a role outside the production process include: 

 
Table 1: Supporting Semiconductor Ecosystem Players 

Category Role Industry Examples 

Distributors Provide customer support like logistics, sales, 
and marketing to help manufacturers reach 
smaller customers. 

Mouser Electronics (US), 
China Electronics 
Shenzhen Company 

Semiconductor 
Manufacturing 
Equipment (SME)  
Companies 

Provide specialized equipment for each 
production phase, such as photolithography 
equipment for manufacturing. 

Applied Materials (US), 
ASML (Netherlands), 
Tokyo Electron (Japan) 

 
18 Semiconductor executive, in discussion with authors, January 2020, Taipei, Taiwan. 

Figure 1: Semiconductor Complexity and Value by Production Phase 
 S 
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Semiconductor 
Chemical 
Companies 

Supply elements and other raw materials used 
in production, such as silicon or packaging 
material. 

Hitachi Chemical Co. 
(Japan), Dow Chemical 
Co. (US) 

 
Figure 2 highlights leading companies that operate across or in one phase of the supply chain. 
 

An integrated device manufacturer 
(IDM) spans all phases of the 
production lifecycle. This was typical 
during the industry’s early days, but 
technological advances in the 1970s 
and early 1980s allowed companies to 
separate their design and 
manufacturing processes. Decreased 
labor costs and economies of scale 
further incentivized outsourcing and 
specialization. Today, the majority of 
American semiconductor companies 
are fabless design companies—they 
design chips, but do not own or 
operate fabs to manufacture them. 
These companies send their designs to 

dedicated foundries, also known as pure-play foundries, that operate fabs. Pure-play foundries 
like Taiwan Semiconductor Manufacturing Company (TSMC) produce semiconductors for the 
design houses and do not sell or brand their own finished semiconductor products.  
 
Mapping Supply Chain Leaders  
As electronics companies built out global supply chains to reduce costs and improve productivity, 
semiconductor technology became concentrated in a handful of leading companies. These 
companies are all located in the US, Taiwan, South Korea, Japan, China, and Europe. While the US 
captures the largest fraction of the overall semiconductor industry, American chipmakers depend on 
foreign companies for critical phases of the production lifecycle.  
 

Figure 3: Key Players in the Semiconductor Supply Chain 

 

Figure 2: Semiconductor Supply Chain 



15 
 

 
The United States has a competitive advantage across chip design, particularly for logic and 
graphics chips, and long-term research. US design companies like Qualcomm, Nvidia, Broadcom, 
and Advanced Micro Devices (AMD) commanded over 68% market share for global chip design in 
2018.19 The US has also seen a renaissance in funding for early-stage chip design companies, with 
startups like Graphcore, Cerebras Systems, and Lightmatter closing funding rounds with tens of 
millions of dollars from venture capital firms.20 American academic institutions continue to attract 
top researchers from around the world to engage in long-term research. The US relies primarily on 
Taiwan and South Korea for advanced manufacturing. Although Intel operates fabs at 7nm, they do 
not offer third-party manufacturing services at scale. Other US foundries, like Texas Instruments 
and GlobalFoundries, do not manufacture at the leading edge. 
 
China represents the largest semiconductor market by consumption and the largest importer of US 
chips. The Chinese government has made an unparalleled investment in the country’s domestic 
industry, distributing over $60B to chip companies on the mainland within the last decade. Chinese 
chip startups have achieved record valuations; the Chinese AI chip manufacturer Cambricon 
Technologies is valued at over $2.5B.21 While China’s design and manufacturing capabilities 
historically focused on lower-end chips, China is producing increasingly higher-end components.22 
 
Taiwan dominates semiconductor manufacturing. Taiwan’s leading foundry, TSMC represents over 
50% of the world’s foundry capacity and over 90% of the most advanced nodes. TSMC is a global 
chokepoint for advanced electronics and the sole supplier for components like Apple’s A-series 
chips. Between TSMC and Taiwan-based United Microelectronics Corporation, the island controls 
over 60% of the world’s chip manufacturing.23 
 
South Korea’s Samsung is the only third-party alternative to TSMC’s 7nm and 5nm nodes but 
produces at a significantly smaller scale with 17% market share to TSMC’s 54%.24 Unlike TSMC, 
Samsung is an IDM that also produces its own branded chips and consumer devices. South Korea is 
among the global leaders in memory chip design and manufacturing. 
 
Japan plays a critical role in the equipment and manufacturing supply chain components. The 
country was a market leader in the 1980s but has experienced several decades of industry decline as 
Japanese chip companies, like Toshiba, lost market share to South Korean and US competitors. 
Japan remains a key source of materials for advanced manufacturing processes like EUV 
lithography. Many of the country’s remaining manufacturers focus on lower-end legacy memory 
chips. 
 
European countries, particularly the Netherlands and Germany, are the world’s leading 
producers of advanced manufacturing equipment. Companies like ASML and Aixtron are sole 
suppliers for EUV lithography equipment, a technologically-complex manufacturing process that 
uses ultraviolet light to etch patterns onto silicon at the atomic level. The United Kingdom 

 
19 Joel Hruska, “Chinese Chip Designers Can’t Meet Mandated Goals Without US Technology,” Extreme Tech, June 26, 2019, 
https://www.extremetech.com/computing/293932-chinese-chip-designers-cant-meet-mandated-goals-without-us-technology. 
20 Funding data accessed through Pitchbook at https://pitchbook.com/.  
21 Data accessed via Pitchbook at https://pitchbook.com/profiles/company/185110-48.  
22  Early-stage hardware investor, in discussion with authors, December 2019, Cambridge, MA. 
23 “A Look inside the Factory around Which the Modern World Turns.” The Economist, 18 Dec. 2019, www.economist.com/christmas-
specials/2019/12/18/a-look-inside-the-factory-around-which-the-modern-world-turns.  
24 Zafar, Ramish. TSMC, Samsung Drop In Open Market Despite $13 Billion Projected Revenue. Wccftech, 23 Mar. 2020, wccftech.com/tsmc-
samsung-stock-market-drop/.  
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dominates chip architecture, a component of chip design, with UK-headquartered ARM, which 
commands over 40% of the chip IP market and is a leading smartphone chip design company. 
 
China, Taiwan, Malaysia, and the Philippines provide the majority of Assembly, Testing, and 
Packing (APT) services. This work is low-cost and requires less technological complexity than other 
production phases. Distributors then transport the finished chips to electronics companies for 
incorporation into end-stage products like phones, cars, computers, and other devices. 
 
The following diagram highlights geographic leaders across key production capabilities.  
 

Figure 4: Production Capability by Country 
 Architecture/ 

Design Manufacturing APT Equipment/ 
Materials  Capability 

US      None 

UK      Minimal 

Netherlands      Strong 

Germany      Leading 

China       

South Korea       

Japan       

Taiwan       

Malaysia       

Philippines       
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China’s Rising Role 
 
Semiconductors Are the New Oil  
China represents the world’s largest and fastest-growing market for semiconductors. In 2017, China 
imported nearly $100B more in semiconductors than oil.25 Chinese technology giants like Huawei 
and Alibaba are almost entirely dependent on foreign companies for semiconductor design, 
equipment, and advanced manufacturing. Analysts estimate that only 16% of China’s semiconductor 
demand is produced domestically with the remainder supplied by foreign firms.26  Externally, 
domestic Chinese semiconductor companies supply less than 5% of the global market. 27   
 
In response to this strategic and economic vulnerability, China’s State Council released a roadmap in 
2014 that targets global leadership in all segments of the semiconductor industry by 2030. The 
pursuit of semiconductor independence became a cornerstone of “Made in China 2025,” China’s 10-
year industrial plan to transform the economy from the ‘world's factory’ for cheap, low-quality 
products to a leader in high-tech manufacturing and services.28 Interim goals include producing 40% 
of its semiconductors by 2020 and 70% by 2025.29 
 
To this end, China has allocated $118B in planned investment in semiconductor technology over 
five years. This commitment exceeds combined annual R&D among top private sector companies, 
such as Intel ($13B+), Samsung ($3B), Qualcomm ($3), Huawei ($15B+), and ZTE ($1.9B).30 If 
allocated strategically, this investment will accelerate the growth of China’s semiconductor industry 
and reduce its dependence on foreign companies.  
 
Strategic Goals and Motivation 
China’s pursuit of semiconductor independence is part of a broader strategy to reestablish the 
country as a global leader. One semiconductor founder interviewed for this report described China’s 
plan as “catching up,” noting that China is the first superpower that never enjoyed technological 
dominance.31 Beijing recognizes that sheer size alone cannot secure China’s lead, and CCP leaders 
have committed enormous amounts of political energy and capital to bolster the country’s 
technology industry. 
 
Official Chinese documents recognize semiconductors as a “core technology” (����) of vital 
economic and strategic importance due to their central role in determinant technologies like AI, 5G, 
big data, and quantum computing. China’s dependence on foreign suppliers is thus viewed as a key 
strategic and national security vulnerability. In 2016, President Xi Jinping warned, “The fact that 
core technology is controlled by others is our greatest hidden danger.”32 Vice Premier Ma Kai 
reiterated this sentiment at the 2018 National People’s Congress, vowing, “We cannot be reliant on 
foreign chips.”33 

 
25 Jane Cai, “China’s push for self-reliance meets reality of global trade networks,” South Morning Post, June 4, 2019, 
https://www.scmp.com/news/china/diplomacy/article/3012888/chinas-push-self-reliance-meets-reality-global-trade-networks.  
26 James A. Lewis, Learning the Superior Techniques of the Barbarians: China’s Pursuit of Semiconductor Independence (Washington, DC: Center for Strategic and 
International Studies (CSIS), 2019):  
https://csis-prod.s3.amazonaws.com/s3fs-publicpo/publication/190115_Lewis_Semiconductor_v6.pdf. 
27 John VerWey, “Chinese Semiconductor Industrial Policy: Past and Present,” Journal of International Commerce and Economics, July 2019, 
https://www.usitc.gov/journals/jice_home.htm. 
28  Made in China 2025. U.S. Chamber of Commerce, 2017. 
29 Lewis, Learning the Superior Techniques of the Barbarians.  
30 Ibid.   
31 Eran Fine (CEO and Co-Founder, Nanolock Security Inc.), in discussion with authors, November 2019, Boston, MA.  
32 Lewis, Learning the Superior Techniques of the Barbarians.  
33 Ibid. 
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The 2014 Guidelines to Promote National Integrated Circuit Industry (National IC Plan) outlines 
China’s ultimate goal: a closed-loop semiconductor ecosystem with self-sufficiency at every stage of 
the development cycle.34 Global leadership also has implications for domestic politics. In a report on 
China’s semiconductor independence, James Lewis at CSIS suggests the Chinese Communist Party 
(CCP) “fears that [US] technological dominance—particularly in information technology (IT), given 
its ability to shape opinion and politics—creates existential risk for continued party rule.” 35  
 
In addition to promoting self-sufficiency and domestic stability, China’s technological investments 
help increase its geopolitical influence in Asia and Africa. China’s national tech champions have 
exported smart city surveillance systems to allied authoritarian regimes, including Mongolia, 
Ethiopia, Zimbabwe, and Malaysia. China is deploying 5G networks across developed and emerging 
markets, which allows it to promote its tech ethics and standards. A competitive semiconductor 
industry will help China’s technology diplomacy by assisting its development of strategic 
technologies like 5G and AI.   
 
Tactics 
China has used a combination of state subsidies, industry consolidation, and zero-sum tactics to 
promote the development of its semiconductor industry. These include: 

1. Sovereign investment funds  
The National Integrated Circuit Industry Investment Fund, also known as the “Big Fund” is China’s 
primary state investment vehicle. According to China’s Ministry of Industry and Information 
Technology (MIIT), the fund raised $21.8B in 2014 and an additional $29B in 2019 (see Figure 5 for 
a breakdown of major investors in each phase).36 The Big Fund maintains an uncharacteristically 
low-profile for a national investment fund. In contrast, China’s Belt and Road Initiative has a 
website available in six languages and is the focus of many public speeches by Chinese leaders. 37  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
34 World Trade Organization, Guideline for the Promotion of the Development of the National Integrated Circuit Industry (Washington, D.C.: World Trade 
Organization, 2014) https://members.wto.org/CRNAttachments/2014/SCMQ2/law47.pdf/. 
35 Lewis, Learning the Superior Techniques of the Barbarians.  
36 Li Tao, “How China’s ‘Big Fund’ is helping the country catch up in the global semiconductor race,” South China Morning Post, May 10, 2018, 
https://www.scmp.com/tech/enterprises/article/2145422/how-chinas-big-fund-helping-country-catch-global-semiconductor-race. 
37 VerWey, “Past and Present.”  
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Figure 5: Largest Investor of Big Fund, Phases I & II 
 

 

2.  Corporate tax breaks and local subsidies 
In 2019, the Ministry of Finance announced a five-year corporate tax break to support domestic 
technology companies suffering from the US-China trade war. The plan exempts IC and software 
companies from all corporate taxes until 2021 and reduces the normal tax rate by 50% over the 
following three years.38 Additionally, many local and state authorities have used generous tax breaks 
to lure high tech manufacturing to their regions. Investors and manufacturers with experience 
working in China describe an unmatched array of financial incentives, such as free land, funding to 

 
38 Zhang Shidong, “China offers five-year tax breaks to chip makers, software developers to bolster industry as trade war stretches to tech,” South China 
Morning Post, May 22, 2019, https://www.scmp.com/business/article/3011377/china-offers-five-year-tax-breaks-chip-makers-software-developers-
bolster. 
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cover construction costs, and reduced power and water rates. 39 As Figure 6 demonstrates, total 
government support for Chinese companies such as SMIC, JCET, and Hua Hong increased 
significantly between 2014-2018 and represents a much broader array of investments than their 
American counterparts, which primarily receive budgetary support in the form of R&D.  
 

Figure 6: Total Government Support for Select Semiconductor Companies 2014-18 

3.  Mergers and national champions 
China’s strategy combines outbound Foreign Direct Investment (FDI) with inbound FDI to acquire 
foreign companies, facilitate joint ventures with international leaders, and sponsor new production 
through greenfield investments. The 2014 National IC Plan outlines China’s strategy for developing 
its domestic semiconductor industry through the establishment of “national champions” supported 
by ample state-capital and policies to attract FDI.40 Tsinghua Unigroup, a state-affiliated PE firm, 
recently bought two of the top four Chinese fabless companies—in 2013, it acquired Spreadtrum for 
$1.7 billion and RDA Microelectronics for $0.9 billion—and aims to combine them into a single 
entity. State and regional funds have fueled mergers and acquisitions throughout the semiconductor 
supply chain. For example, in 2018 Shenzen’s Hou An Innovation Fund purchased a controlling 
stake in semiconductor IP provider ARM from the Japanese conglomerate SoftBank.  
 

 
39 Mian Zhang (Co-Founder and COO, HyperLight) in discussion with authors, December 2019, Cambridge, MA.  
40 VerWey, “Past and Present.” 
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Figure 7: Number of Buyers in Cross-Border M&A Transactions in Semiconductors, by Origin 

 
 

 

Spotlight: China’s best 
bet for Semiconductor 
Independence 
 
In 2000, Richard Chang Ru-gin founded the Semiconductor Manufacturing 
International Corporation (SMIC) as a foreign-owned Shanghai-based 
foundry. The founder previously worked as an engineer at Texas Instruments 
in the US and TSMC in Taiwan. 
 
SMIC has become the largest and most advanced chipmaker in China. It 
benefited from a five-year tax holiday and subsequent five-year tax break at 
50% of standard rates, tariff exemptions, reduced value-added tax rates, and 
favorable loans from state-owned banks.41  The company adopted a fast-
follower approach, partnering with foreign firms like Huawei, Qualcomm, 
and IMEC to produce chips a few generations behind the leading edge. 
SMIC began 14nm volume production in late 2019. In comparison, TSMC 
plans to begin mass production at the 5nm node in Q2 2020.  
 
Although SMIC is not yet a leading-edge semiconductor manufacturer, the 
Chinese government recognizes SMIC as the most advanced Chinese-
headquartered foundry and has exerted more influence over its affairs. CCP 
party members and state bureaucrats dominate SMIC’s board,42 and in 2015 
the National IC Fund acquired a 17% stake in the company via a state-level 
subsidiary, Sino IC Capital.43 

 
41 Ibid.  
42 “Corporate Governance,” SMIC, 2018, https://www.smics.com/en/site/company_control.  
43 John VerWey, “Chinese Semiconductor Industrial Policy: Prospects for Future Success,” Journal of International Commerce and Economics, August 2019, 
https://www.usitc.gov/journals/jice_home.htm. 
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4.  Hardball tactics: Board membership, joint-ventures, IP theft, talent poaching, and M&A 
collusion 
      
China has also deployed a zero-sum strategy approach to catch up with global competitors. This 
includes discouraging domestic customers from using foreign semiconductor suppliers and 
conditioning access to the Chinese market on terms that expedite localization and technology 
transfer. Foreign companies are often required to open domestic fabs and conduct R&D in China, 
train and hire Chinese engineers, hand over designs and proprietary software, and partner with 
Chinese companies in joint-ventures.44 As Harvard Business School Professor William Kirby 
explained, when doing business in China, “Nothing is really free.” Political pressure can reach the 
operational level of foreign companies through joint-venture requirements or mandated CCP board 
membership.45 
 
China has also engaged in increasingly aggressive technology transfer tactics to access intellectual 
property (IP) held by foreign companies. Illicit tactics include cybertheft of corporate IP, espionage 
in academic research labs, and bounties for proprietary information. This last practice is so common 
in Taiwan that one employee actively sought compensation in online forums, offering to sell his 
access to the highest bidder.46 
 
In 2008, China launched the Thousand Talents Program (TTP) to attract foreign talent and 
expertise. As of 2017, the program recruited more than 7,000 high-end professionals, including 
multiple Nobel laureates and professors at top US universities. Incentives include high salaries, lab 
space, research funding, and other financial benefits. A bipartisan Senate Report described the 
program as a thinly-veiled attempt to exploit US taxpayer-funded research and steal sensitive 
technologies and intellectual property. The report describes how binding contracts for TTP recruits 
incentivize them to “lie on grant applications to US grant-making agencies, set up ‘shadow labs’ in 
China working on research identical to their US research, and, in some cases, transfer US scientists’ 
hard-earned intellectual capital.”47 Similarly, China attracts Taiwanese engineers with pay raises, 
subsidized apartments, and free trips home. Analysts from the Taiwan Institute of Economic 
Research estimate that more than 3,000 semiconductor engineers, roughly 10% of the island’s talent 
pool, have left Taiwan for China since the launch of Made in China 2025.48 An estimated 300 senior 
engineers moved from Taiwan to Chinese chipmakers in 2019 alone. China has also targeted Korean 
and Japanese employees but has seen the most success among Taiwanese workers due to a shared 
language and culture.  
 
Talent poaching extends to the highest levels of corporate governance. In 2017, Liang Mong-song, a 
former TSMC R&D executive, made headlines for joining China’s Semiconductor Manufacturing 
International Co. (SMIC) as co-CEO. He had previously left TSMC to serve as CTO of Samsung’s 
System LSI division, spurring allegations of selling trade secrets to TSMC’s biggest rival.49 The same 

 
44 Jake Laband, “Fact Sheet: Communist Party Groups in Foreign Companies in China,” China Business Review, May 31, 2018, 
https://www.chinabusinessreview.com/fact-sheet-communist-party-groups-in-foreign-companies-in-china/;  
45 William Kirby (Spangler Family Professor of Business Administration and T. M. Chang Professor of China Studies, Harvard Business School, and 
Chairman, Harvard China Fund), in discussion with authors, February 2020, Cambridge, MA.; Jamie P. Horsley, Party Leadership and Rule of Law in the 
Xi JinPing Era: What does an ascendant Chinese Communist Party mean for China's legal development? (Washington, D.C.: Brookings, 2019): 
https://www.brookings.edu/research/party-leadership-and-rule-of-law-in-the-xi-jinping-era/.  
46 Michael Shen (Director, Chief Counsel – Patent Law, TSMC), in discussion with authors, January 2020, Taipei, Taiwan.  
47 U.S. Congress, Committee on Homeland Security and Governmental Affairs, Threats to the U.S. Research Enterprise: China’s Talent Recruitment Plans, 
116th Cong., 1st sess., 2019, S. Rep., https://www.hsgac.senate.gov/imo/media/doc/2019-11-18%20PSI%20Staff%20Report%20-
%20China's%20Talent%20Recruitment%20Plans.pdf. 
48 Kensaku Ihara, “Taiwan loses 3,000 chip engineers to 'Made in China 2025,'” Nikkei Asian Review, December 3, 2019, 
https://asia.nikkei.com/Business/China-tech/Taiwan-loses-3-000-chip-engineers-to-Made-in-China-2025. 
49 Cheng Ting-Fang, “China's SMIC poaches Taiwan's chip veteran,” Nikkei Asian Review, November 3, 2017, 
https://asia.nikkei.com/Business/China-s-SMIC-poaches-Taiwan-s-chip-veteran. 
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year, the former CEO of Taiwan’s United Microelectronics Corporation (UMC) joined Tsinghua 
Unigroup, the state-affiliated PE group backing China’s largest chip maker.50   
 
Finally, Chinese entities have been accused of colluding to facilitate undervalued acquisitions. Before 
an attempted Chinese acquisition, German-based semiconductor materials company Aixtron saw its 
valuation drop after another Chinese company canceled a major order. Both the potential acquirer, 
Fujian Grand Chips, and the customer, San’an Optoelectronics, were controlled by the same state-
owned semiconductor fund. As a result, the German government and the US Committee on Foreign 
Investment in the United States (CFIUS) blocked the transaction.51   
 
Impact: Will China achieve semiconductor independence?  
China will likely become a leading semiconductor manufacturer within the next decade. Over the last 
ten years, China’s semiconductor growth has outpaced the rest of the world: 
● China’s semiconductor sales doubled from 2014-2018;  
● In 2019, Chinese AI semiconductor maker Horizon Robotics became the first AI chipmaker 

to achieve a $3B valuation; 
● Between 2017-2020, 42% of new global production lines will be operated by fabs in 

mainland China. 
 
Despite these gains, China will likely remain partially dependent on foreign suppliers for high-end 
chips after 2030. Industry experts in Japan, Taiwan, and the US expressed a consensus that China 
will become more competitive in certain areas (e.g., design, n-1 and n-2 manufacturing, product 
development) but will not catch up to the leading edge. China’s most competitive semiconductor 
companies remain at least two chip generations behind industry leaders, and Beijing’s development 
strategy has clear limitations. These include: 
● Overvaluation of semiconductor companies  
● Lack of strategic capital allocation  
● Reliance on legacy manufacturing equipment  

 
International companies at the leading edge have built decades of compounding knowledge. One 
semiconductor executive with over sixty years of experience doubted that China could surpass 
competitors in the foreseeable future, saying “It’s not a matter of how much money you pour in... 
it’s also a question of how fast your competitors are progressing.”52 Technology transfer will not 
resolve China’s remaining challenges. Even though China has access to leading chip designs through 
joint ventures, the manufacturing recipes are proprietary to the design house and manufacturers like 
TSMC, Intel and Samsung. These recipes are very specific to an individual fab and cannot be reverse 
engineered. 
 
Even if China does not achieve independence by 2030, however, US companies risk becoming 
dependent on Chinese suppliers for less-advanced semiconductors in the near future. The following 
section outlines the national security and economic risks associated with the status quo. 
  

 
50 Ihara.  
51 Jost Wübbeke, et al., Made In China 2025: The making of a high-tech superpower and consequences for industrial countries, Mercator Institute for China Studies 
(MERICS) Papers on China, no. 2, (Berlin: MERICS, 2016): 
https://www.merics.org/sites/default/files/201807/MPOC_No.2_MadeinChina2025_web.pdf.  
52 Morris Chang (Founder, and former Chairman and CEO, Taiwan Semiconductor Manufacturing Company), in discussion with authors, January 
2020, Taipei, Taiwan.  
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Risks to US Semiconductor Resiliency 
 
As the US government contemplates a response to China’s strategy, it must ask the question: Is this 
a zero-sum game? Namely, will the success of China’s semiconductor industry come at the cost of 
US companies and the US technology industry as a whole? Or, alternatively, is there value to be 
created through an integrated supply chain as China emerges at the world’s largest market for 
semiconductors?  
 
Many experts argue that among certain emerging technologies—AI, 5G, quantum computing—
achieving supremacy first matters. The concept of an Artificial Intelligence “arms race” assumes that 
the country that develops the technology first will reap overwhelming economic and military 
benefits. China’s investment in semiconductor independence will likely accelerate the country’s 
technology industry. If AI is a zero-sum game, the US cannot afford to wait for China to emerge as 
the global leader. 
 
The Coronavirus pandemic has highlighted how integrated supply chains can break down in the case 
of a black swan event with no alternatives. While there is value in a global supply chain, America’s 
dependence on a handful of foreign manufacturers introduces unacceptable vulnerabilities.  We do 
not advocate for a complete decoupling, but this section highlights the risks that come from 
divesting core capabilities to foreign partners. In the semiconductor industry, in particular, supply 
chain chokepoints sit at the fault lines of some of the world’s most high-profile geopolitical 
conflicts: China-Taiwan and the Korean peninsula. 
 
We have outlined the major risks China’s pursuit of semiconductor independence poses to the US. 
These include economic risks: How will China’s success hurt US companies and the US economy? 
They also introduce national security risks: How will China’s success affect US military posture, US 
allies, and American influence abroad?  
 

Table 3: Risks to US Economic and National Security Interests 

Risk Type Description 
Impact on US Today Impact in 10 years  

(Given Status Quo) 

Economic Natl Sec Economic Natl Sec 

Sovereign  
Geographic concentration 

Dependence on small set of 
foreign manufacturers 

Medium Low High High 

Talent  
Lack of STEM graduates  

H-1B, F1 visa barriers Medium Low High Medium 

Geopolitical 

Trade disputes 

Military disruption 
Black swan events  

Medium Low High Medium 

Cybersecurity  
US setbacks 
Foreign chip advancement Low Medium Medium High 
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Sovereign Risk 

Impact on US Today Impact in 10 years  

Economic Natl Sec Economic Natl Sec 

Medium Low High High 

 
The United States depends on foreign manufacturers for nearly all advanced chips. With Global 
Foundries’ 2018 decision to cancel its 7nm production, the United States no longer has a pure-play 
foundry that competes at the leading edge. Intel produces its own advanced chips and has a limited 
partnership to produce advanced chips for the Department of Defense, but the company has 
struggled with its 10nm and 7nm processors.53 US fabless companies outsource advanced 
manufacturing to foundries overseas like TSMC (Taiwan), UMC (Taiwan), and Samsung (South 
Korea). Without a domestic option, US startups have also increasingly looked to establish 
production lines in China.54 The co-founder of a startup working on chip-scale lithium niobate (LN) 
modulators, believed to be critical to future communication networks, explained, “It’s not what we 
want to do, it’s what we can afford.”55 As the US continues to divest advanced manufacturing 
capabilities, the national security community may lose a trusted source of advanced hardware 
components.  
 
Because the current supply chain relies on two companies (TSMC and Samsung) for over 70% of its 
hardware, US businesses will also be increasingly vulnerable to black swan events and disruptions. 
During the ongoing Coronavirus outbreak, Samsung temporarily suspended operations at a fab after 
a viral outbreak among employees.56  
 
Talent Risk 

Impact on US Today Impact in 10 years  

Economic Natl Sec Economic Natl Sec 

Medium Low High Medium 

 

 
53 Chuong Nguyen, Intel CFO: “10nm isn’t going to be the best node that Intel has ever had,” Digital Trends, March 4, 2020, 
https://www.digitaltrends.com/computing/intel-10nm-not-the-best-node/; Joel Hruska, “Intel Acknowledges It Was ‘Too Aggressive’ With Its 10nm 
Plans,” Extreme Tech, July 18, 2019, https://www.extremetech.com/computing/295159-intel-acknowledges-its-long-10nm-delay-caused-by-being-too-
aggressive. 
54 Zhang, in discussion with authors.  
55 Ibid. 
56 Yoo-chul Kim, “Virus to Have Limited Impact on Z Flip, Fold Output,’ Samsung Says.” Korea Times, 23 Feb. 2020, 
www.koreatimes.co.kr/www/tech/2020/02/133_283913.html.  
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The US industry faces a STEM talent shortage.57This has 
worsened due to prohibitive immigration policies (Executive 
Order 13769) and limits on work visas introduced under 
President Trump. Graduates in science, technology, engineering, 
and mathematics (STEM) in the United States are predominantly 
foreign. Chinese citizens alone account for 25 percent of STEM 
graduates.58 American technology companies have drawn on 
foreign talent for decades, but the US recently reduced H-1B 
visas for foreigners with special skills. In nearly every discussion 
with industry experts, from startup founders to investors to large 
corporations, visa reductions were identified as one of the greatest 
threats to US semiconductor competitiveness. The founder of a Boston-based startup explained that 
it is impossible to hire without foreign talent: “You are losing so much opportunity – especially in 
the hardware space.”59  
 
China, meanwhile, is investing heavily in universities to develop its domestic talent pool and 
attracting foreign engineers who can no longer work in the US. If this trend continues, China will 
overcome one of the major barriers to developing its semiconductor industry: human capital. “If 
you’re not in a place with the top talent, no matter how hard you try it’s very difficult.”60 As the US 
loses top semiconductor engineers to China, it jeopardizes its global leadership in the industry. 
 
Geopolitical Risk 

Impact on US Today Impact in 10 years  

Economic Natl Sec Economic Natl Sec 

Low Medium Medium High 

 
The overwhelming majority of the world’s advanced chips are manufactured by two companies 
situated in two of the most geopolitically-sensitive areas of the world: Taiwan (TSMC and UMC) 
and the Korean Peninsula (Samsung). Supply chains in these countries are subject to political and 
economic disruptions, like trade wars and military threats.  
 
Trade disputes have already impacted the industry. During a 2019 dispute over historical WWII 
grievances, Japan restricted chemical exports to South Korea. The restrictions targeted essential 
materials for semiconductor manufacturing. This represented such a severe threat that the vice 
chairman of Samsung flew to Japan to secure support from Japanese suppliers.61  
 
Similarly, escalating military tension between China and Taiwan correlated with a dip in TSMC’s 
share price in late 2018. Multiple industry experts conveyed concern that Taiwan and South Korea 
face a small, yet significant, risk of invasion from China and North Korea, respectively.  A financial 
executive with over three decades of experience in the semiconductor industry warned that 
suspension of operations at TSMC could bring down the entire US economy.62  

 
57 Zhang, in discussion with authors. 
58 VerWey, “Chinese Semiconductor Industrial Policy: Prospects for Future Success.” 
59 Semiconductor startup founder, in discussion with authors, December 2019, Cambridge, MA. 
60 Ibid.  
61 Song Su-hyun, “Samsung heir Lee Jae-yong flies to Tokyo to seek support from Japanese suppliers,” The Korea Herald, July 8, 2019, 
http://www.koreaherald.com/view.php?ud=20190708000658. 
62 Edelstone, in discussion with authors. 

“These policies send the 
message that “if you’re a 
foreign student and you 

create something amazing, 
go home and build it 

somewhere else.” 

- Mian Zhang, Founder, 
Hyperlight57 
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Cybersecurity Risk 

Impact on US Today Impact in 10 years  

Economic Natl Sec Economic Natl Sec 

Low Medium Medium High 

Security concerns over chipmakers like Huawei and ZTE will extend beyond the telecom industry if 
China’s semiconductor industry becomes globally competitive. In a written statement accompanying 
the 2019 Worldwide Threat Assessment of the US Intelligence Community, former Director of 
National Intelligence Dan Coats voiced “concern that Chinese intelligence and security services 
[may] use Chinese information technology firms as routine and systematic espionage platforms 
against the United States and allies.”63 In 2018, America’s technology supply chain was compromised 
by the discovery of microchips on the motherboard of Elemental servers, which allegedly enabled 
Chinese intelligence agencies to gain unfettered access to 30 U.S. companies, including Amazon and 
Apple. As the base of the technology stack, semiconductors will be essential to the cybersecurity of 
emerging technologies that Americans come to rely on.  
 
Going forward, the US will face serious cybersecurity threats if China becomes a major chip supplier 
for US companies and allied intelligence or military agencies. 

 

 

 

 
  

 
63 Charles Wallace, “Intelligence Chiefs Back Trump on Chinese Technology Theft,” Forbes, January 30, 2019, 
https://www.forbes.com/sites/charleswallace1/2019/01/30/intelligence-chiefs-back-trump-on-chinese-technology-theft/#3dd56ca723a0. 
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Recommendations: How Government Can Enable Technology Leadership 
 
Without decisive action, the US risks moving from a position of leadership to one of dependence. 
American technology companies have transformed daily life for people around the world, fueled up 
to 10% of the country’s economic growth, and served as a platform for soft power. Despite their 
influence, these companies rely on hardware manufactured abroad in two of the most geopolitically 
vulnerable locations in the world.  
 
In contrast, China has aligned its semiconductor strategy with its goals for AI dominance and 
economic supremacy. Leaders in Beijing recognize that the rise of 5G, IoT, and other AI-enabled 
technologies will increase global reliance on specialized semiconductors. As China approaches 
semiconductor independence, the US cannot afford to maintain the status quo.  

 
This report outlines recommendations for the US government to 
strengthen semiconductor innovation and manufacturing. While 
the private sector is best positioned to lead development and 
commercialization, the government can drive research and reduce 
structural barriers to investment.64  
 

First-hand interviews with entrepreneurs, industry experts, policymakers, and investors reinforced 
the opportunity for impact. Stakeholders across sectors expressed a unanimous consensus that the 
government must increase its engagement with the semiconductor industry. Entrepreneurs called for 
more support to tackle challenges like lab access, early-stage funding, and work visas. Semiconductor 
executives identified the most impactful areas for government 
intervention, and investors outlined policy changes that could 
improve long-term resilience. At the same time, nearly every 
stakeholder criticized the current US approach as counterproductive, 
reactive, and insufficient.65 
 
The following recommendations include proactive steps to secure US semiconductor resilience and 
enable long-term leadership. These recommendations encompass policy options available to 
Congress and the Executive Branch, rather than the Commission itself. We hope these 
recommendations can be incorporated into the Commission’s next report to Congress. 
 
Invest in Leading-Edge Domestic Manufacturing 

Fund competitive leading-edge manufacturing 
Fund an advanced foundry based in the US. USG and/or private investment could revitalize two 
potential channels: GlobalFoundries’ advanced chip manufacturing program or Intel’s third-party 
foundry operations. In 2018, GlobalFoundries shuttered its 7nm program to focus on the growing 
low-end chip market, and Intel scaled back foundry operations after struggling to compete with 
TSMC on reliability and cost. With an infusion of R&D, GlobalFoundries may be able to achieve 
advanced manufacturing or Intel may be able to resume third-party manufacturing at competitive 
costs and yields. Discussions with semiconductor investors and analysts suggest executives at both 
companies may be interested in a federal partnership. 

 
64 Davey Gibian (Founder, Calypso AI), in discussion with authors, November 19, 2019, Cambridge, MA. 
65 Willy Shih (Robert and Jane Cizik Professor of Management Practice in Business Administration, Harvard Business School), in discussion with 
authors, November 5, 2019, Boston, MA. 

“Government’s strengths are 
convening power, balance 

sheets, and use cases.” 

- Davey Gibian, Founder, 
Calypso AI 64 

“Grade for the current US 
strategy: F” 

- Professor Willy Shih, 
Harvard Business School 65 
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Congress should provide financial and regulatory support, like setting up an import processing zone 
next to Intel fab to incentivize investment in domestic advanced chip packaging. Based on the 
capital expenditures and R&D costs of leading manufacturers, we estimate supporting an advanced 
US-owned and operated foundry would require ~$20B annually to achieve competitive prices and 
yields. This funding could come from a loan guarantee program, partial subsidies, and a public-
private investment model with domestic design houses.  
 
Intel and GlobalFoundries are the most promising US manufacturing partners. Intel recently began 
producing chips for DOD suppliers and is executing against 7nm, 5nm, 3nm, 2nm, and 1.4nm 
process plans. Although Intel has struggled with third-party manufacturing in the past, divesting 
these operations or receiving an infusion of cash from the USG could help the company improve its 
cash flow or increase their production efficiency. In contrast, GlobalFoundries abandoned leading-
edge node development in 2018 but has a clear operating advantage as a pure-play foundry. 
Additionally, GlobalFoundries’ UAE-based parent company has struggled with mismanagement and 
would likely be receptive to a sale.66  
 
 Other implementation factors include: 
● Executive champions: Identify technologists and professional investors to lead this 

initiative. 
● Private sector partners: Engage potential design and manufacturing partners, including 

Intel, GlobalFoundries, and leading chip design companies (e.g., Broadcom, Qualcomm, 
Nvidia, Apple) 

● Immigration support: Provide fast-track visas for foreign engineers and their families 
● Political commitment: Develop legislation with stable, multi-year funding, apolitical 

program administration, and international support from foreign governments and design 
houses 

Explore a Western coalition for national semiconductor champions 
Gauge EU interest in a US-based national champion modeled on the Airbus model. Semiconductors 
may be better suited for natural monopolies given the upfront capital requirements and high costs 
associated with depreciation and R&D. Natural monopolies have historically received some degree 
of government support to incentivize behavior that aligns with national interests. US and EU 
companies have a business interest in reducing sovereign risk in the supply chain, and 
GlobalFoundries and Intel are better prepared to compete with TSMC and Samsung than any 
European company. As a successful multinational company, Airbus serves as a useful model for 
cross-border collaboration.  

 
66  Semiconductor investor in discussion with authors, January 2020, Cambridge, MA.  
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Double Down On US Strengths in Research, Design, and Innovation 

Increase financial support for academic research in “tough tech” 
Increase and consolidate funding for semiconductor research. Today, four federal agencies oversee 
over ten different electronics research initiatives. This approach lacks an overarching strategy and is 
too scattered to provide funding at scale. Consolidating programs under one oversight authority will 
allow program leads to increase the size and impact of federal research grants. The National Science 
Foundation (NSF) oversees 85% of computer research today and could serve as a branching off 
point for wider technology coordination. We envision semiconductor research falling under a 
broader government initiative to promote US leadership in 
emerging technologies. As stated in NSCAI’s interim report, 
this could take the form of an entity within NSF, an 
interagency coordinating body, or a stand-alone agency akin 
to the National Institute for Health. We recommend the 
commission designate a specific department devoted to 
semiconductors and “tough tech” within any body dedicated 
to AI research.67  
 
In terms of specific funding needs, we recommend: 
● Tripling sector-specific research funding across federal scientific agencies over the next five 

years, from $1.5 billion to $5 billion annually. The Semiconductor Industry Association 
identified this amount as necessary to 1) compensate for the decades-long decline in US 
government research funding relative to global competitors 2) secure US leadership in the 
“must-win” technologies of the future.68  

● Double research funding for semiconductor-related fields from $20 to $40 billion annually.69 
Increased support for materials science, engineering, physics, and applied mathematics will 
contribute breakthroughs in emerging technologies and help address the talent shortage 
facing the country.   

● Increasing research grants to match the size of a typical series A VC investment, from $2M -
$10M, rather than hundreds of thousands of dollars 

 
Develop a scholarship program for American students pursuing graduate studies in target fields, like 
electrical engineering and photonics. The majority of STEM graduate students in US schools today 
are international, and China graduates significantly more engineers than the US annually. The 
Optical Society estimates the number of Ph.D.-track students enrolled in US optics and physics 
programs is around 1,000, with an additional 2,000 in related engineering fields (2017 estimate).70  Of 
the roughly 40,000 graduate-level students (masters and Ph.D.)  in electrical engineering programs in 
the US, over 32,000 were full-time international students in 2015. The US needs to double the 
number of American STEM graduates over the next decade to meet sector needs. According to the 
Semiconductor Industry Association, this will require an increase in federal STEM funding of at 
least 50%, reaching $1.5 billion annually.71  A scholarship model based on the existing CyberCorps 

 
67 Semiconductor investor, in discussion with authors, January 2020, Palo Alto, CA. 
68 Semiconductor Industry Association (SIA), Winning the Future: A Blueprint for Sustained U.S. Leadership in Semiconductor Technology (San Jose, CA: SIA, 
2019): https://www.semiconductors.org/wp-content/uploads/2019/04/FINAL-SIA-Blueprint-for-web.pdf.  
69 Ibid.  
70 Patricia Daukantas, The Optics Workforce: Looking to the Future (Washington, D.C. The Optical Society, 2017): 
https://www.osapublishing.org/DirectPDFAccess/CF8D631A-C7FB-CD21-CA83CCF5619337D5_368551/opn-28-7-
26.pdf?da=1&id=368551&seq=0&mobile=no.  
71  SIA, Winning the Future.  

“ The total NSF, DARPA grants 
for edge computing, AI, 5G… 
[are] so small it’s debatable 
whether it’s worth filling out 

the paperwork” 

- Semiconductor Investor 67 
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program could pair financial support with a short commitment to academic research that benefits 
the federal government. 
 
Provide tax incentives for institutions that build and maintain leading semiconductor test facilities. 
Researchers and startups need access to clean rooms and updated labs, but construction requires a 
high capital investment. Once built, equipment depreciation becomes one of the largest expense line 
items. Tax credits for small-scale semiconductor facilities in universities and accelerators could 
defray the costs of initial construction and maintenance. Current R&D tax credits under Internal 
Revenue Code Section 41 cover wages, supplies, contract research, and basic research payments, but 
exclude many of the costs associated with running a research lab, including “overhead, license fees 
and costs for leasing assets.”72  We recommend following the precedent of the 2015 PATH Act to 
expand R&D tax credit eligibility to cover the unique needs of startups and small businesses, 
including third-party clean rooms and labs.73 

Reduce immigration and tax burdens for semiconductor startups 
Maintain the Optional Practical Training (OPT) program: In 2019, President Trump announced 
plans to reduce or eliminate allowances for foreign students to temporarily work in the United States 
under the OPT program and STEM OPT extension.74 This policy proposal is part of a broader 
strategy to put ‘American Workers first,’ despite “no evidence that foreign students participating in 
the OPT program reduce job opportunities for U.S. workers.”75 Many university programs in STEM 
fields “could not be maintained, particularly at a high level, without international students,” who rely 
on programs like OPT to continue their research at the post-doctorate level. Without alternative visa 
programs, many foreign students will be forced to leave the US after graduation. High-tech talent 
has been critical to maintaining U.S. competitiveness in artificial intelligence, and rescinding 
programs like OPT will significantly harm America’s AI advantage.76  
Increase H1B visas for employees at semiconductor startups. 
While many startups rely on foreign talent, semiconductor 
startups rely almost exclusively on foreign postdoctoral 
researchers. Multiple founders interviewed said they could not 
find qualified American graduate or doctoral students with an 
interest in hardware innovation.77 They also described 
extensive challenges securing work visas for engineers and 
their families.78 Taiwan recently launched an entrepreneur visa 
program that increases the number of work visas for founders 
and bundles the application process for other administrative immigration requirements. Taiwanese 
venture capitalists credit the policy change with helping to spur Taiwanese startup activity.7980 
 

 
72 Internal Revenue Service (IRS), “Chapter 4: Qualified Research Expenses” and “Chapter 5: Qualified Research Activities” in Audit Techniques 
Guide: Credit for Increasing Research Activities (i.e. Research Tax Credit) IRC § 41 (Washington, D.C.: IRS, 2005): 
https://www.irs.gov/businesses/audit-techniques-guide-credit-for-increasing-research-activities-i-e-research-tax-credit-irc-41-table-of-contents. 
73 Yair Holtzman, “U.S. Research and Development Tax Credit,” The CPA Journal, Oct 2017: https://www.cpajournal.com/2017/10/30/u-s-research-
development-tax-credit/.  
74 “Eligible students can work for 12 months (OPT), and students with a degree in a STEM field currently have the option to extend their work period 
by another 24 months (STEM OPT extension), for a total of 36 months.” Madeline Zavodny, International Students, STEM OPT and the U.S. STEM 
Workforce, National Foundation for American Policy (NFAP) Policy Brief (Arlington, VA: NFAP, 2019): https://nfap.com/wp-
content/uploads/2019/03/International-Students-STEM-OPT-And-The-US-STEM-Workforce.NFAP-Policy-Brief.March-2019.pdf.  
75 Ibid.  
76 Remco Zwetsloot, James Dunham, Zachary Arnold and Tina Huang, Keeping Top AI Talent in the United States (Washington, D.C.: Center for 
Security and Emerging Technology, 2019): https://cset.georgetown.edu/wp-content/uploads/Keeping-Top-AI-Talent-in-the-United-States.pdf.  
77 Semiconductor investor, in discussion with authors, January 2020, San Francisco, CA. 
78 Venture capital partner in discussion with authors, February 13, 2020, Cambridge, MA.  
79 Joseph Chan (Partner, AppWorks Ventures), in discussion with authors, January 2020, Taipei, Taiwan.  
80 Stefan Dyckerhoff (Managing Director, Sutter Hill Ventures), in discussion with authors, January 2020, Palo Alto, CA. 

“It’s not a week that goes by 
among my 10 companies that I 
don’t get a panicked call from 
the CEO that one of his top 10 

engineers can’t get a visa” 

- Stefan Dyckerhoff, Sutter Hill 
Ventures 80 
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Provide tax relief for startups in heavy industries like semiconductor manufacturing by offering 
deductions for up to $100K or 25% of costs associated with equipment and facilities. Higher costs, 
lower margins, and limited exit opportunities deter many investors from funding early-stage 
semiconductor startups. Tax incentives can defray upfront and operating costs in order to increase 
semiconductor startup exit multiples and improve their attractiveness to investors. Providing 
support via tax relief rather than subsidies also helps insulate the government from external market 
downturns and helps align investor incentives with government interests. We recommend targeting 
high-cost items like land, power, and water for tax relief. 

De-risk early-stage semiconductor investment for the private sector 
Deploy blended investment vehicles or co-invest in startups that have dual commercial-public sector 
use cases. In addition to signaling power, the government can offer unique benefits like small batch 
orders and research resources. This effort should expand beyond existing programs like the Defense 
Innovation Unit (DIU) to include non-military customers and departments with advanced hardware 
needs, like the DOE. 
 
Expand eligibility for non-dilutive capital to all US-based startups. Currently, competitive grants 
from programs like SBIR and AFWERX are only available to companies with majority-US 
ownership. One semiconductor startup interviewed in Cambridge received an AFWERX grant but 
had to turn the investment down because the founders had not yet received their US citizenship and 
so the company did not meet the ownership requirement.81 Despite studying, living, and working in 
the US, they were ineligible for the program. 
 
Communicate a Vision for International Collaboration 

Replace blacklists with targeted equipment export controls 
Apply export controls to advanced manufacturing equipment and technology. Industry 
consolidation gave rise to SME powerhouses within US allies like the Netherlands (ASML) and 
Japan (Tokyo Electron). ASML is the sole supplier of EUV lithography equipment used for the 
most advanced chip manufacturing, and Tokyo Electron produces almost 90% of key chemical 
materials like advanced EUV coaters and developers.82 Blacklisting companies like Huawei and ZTE 
may have reduced their access to chips in the short-run, but it resulted in international headlines and 
accelerated domestic Chinese resolve to achieve semiconductor development. It also required last-
minute negotiations to persuade foreign suppliers not to sell equipment to Chinese companies on 
the blacklist. An international export control agreement would be more precise, subtle, and 
impactful than a US ban.  

Support Taiwan’s “Southbound” economic policy 
Encourage closer economic ties between Taiwan and neighboring countries in the Southwest. 
Taiwanese politicians and entrepreneurs aim to position the island as a Southbound country with 
cultural and economic ties to neighbors like Vietnam.83 This strategy helps preserve Taiwanese 
manufacturing independence and decrease China’s influence in Taiwan. The US can support this 

 
81  Semiconductor startup founder, in discussion with authors, December 2019, Cambridge, MA. 
82 Makiko Yamazaki, “Exclusive: Top Japanese chip gear firm to honor U.S. blacklist of Chinese firms – executive,” Reuters, June 11, 2019, 
https://www.reuters.com/article/us-usa-trade-china-semiconductors-exclus/exclusive-top-japanese-chip-gear-firm-to-honor-us-blacklist-of-chinese-
firms-executive-idUSKCN1TC0H6. 
83 Karen Yu (Legislator in the Legislative Yuan), in discussion with authors, January 8, 2020, Taipei, Taiwan. 
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initiative by promoting conferences and industry leaders that seek to draw talent from or deploy 
talent in this region.  
Rejected Hypotheses 
 
Interviews with industry experts also led us to reject some commonly proposed solutions. Although 
these recommendations appear in official reports and, in some instances, current US policy, we 
identified them as infeasible, ineffective, and/or counterproductive. 
 
Relying on private capital markets: Private investment in AI semiconductors is increasing, but 
researchers with non-AI applications struggle to attract VC funding. Private capital is also not the 
ideal vehicle for research, because VCs and other early-stage investors look for products with near-
term commercialization use cases rather than long-term foundational research. 
 
Pressuring TSMC to move to the US: TSMC faces ongoing pressure from Washington to build an 
advanced chip facility in the US.84 National security concerns over the risks of offshore production 
for military-use chips are warranted, but such a strategy could backfire. Any move to ramp up 
operations in the US would prompt China to pressure TSMC to upgrade its fabs in Mainland China. 
Additionally, feedback from TSMC senior leaders suggest they do not believe US operations would 
be profitable for TSMC. The company’s current model is closely tied to its ecosystem in Hsinchu 
and the ability to move thousands of Taiwanese engineers around the island every year. Top 
leadership remains opposed to the move unless huge financial incentives are provided, likely in the 
tens of billions of dollars.  
 
Building redundancy through Samsung: Samsung is TSMC’s closest competitor, but the industry 
could not shift manufacturing over to Samsung in the event of a supply chain disruption. Even if a 
geopolitical crisis restricted use of TSMC’s fabs, Samsung would not be able to scale up production 
to meet all demand. Semiconductor manufacturing process technologies are uniquely defined by 
each producer, so to move IC production from one foundry to another would take significant 
investments in engineering resources, cost and time. Creating multiple recipes for multiple 
manufacturers can be prohibitively expensive, as each recipe is customized for the equipment in a 
particular fab.85 Semiconductor capacity is also booked out months in advance, so Samsung would 
not be able to serve TSMC’s clients without displacing its existing clients. Finally, TSMC and 
Samsung have different specialties and R&D programs. Samsung may not have the technical 
capability to manufacture certain leading edge nodes that are currently produced at TSMC. 
 
Samsung is not a short-term alternative for the reasons listed above. While it is feasible that an 
external investment could help the company scale its 7nm and 5nm programs, this would require 
making a significant investment on top of Samsung’s existing R&D. Samsung already invests over 
$16B in R&D annually. While a long-term investment could help Samsung increase capacity, we find 
it politically infeasible that Congress would support an annual, recurring, multi-billion dollar subsidy 
to a foreign company. 
 
Escalating trade wars and blacklists: Reactive measures to slow China’s growth, like the trade war 
and blacklist, detract from efforts that could strengthen the US. It also alienates partners and allies 
who rely on trade with China. 
  

 
84 Cheng Ting-Fang and Lauly Li, “TSMC weighs new US plant to respond to Trump pressure,” Nikkei Asian Review, March 16, 2020, 
https://asia.nikkei.com/Business/Technology/TSMC-weighs-new-US-plant-to-respond-to-Trump-pressure.  
85 Edelstone, in discussion with authors. 
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Implementation and Next Steps 
 
The recommendations above vary in impact and feasibility. Some of these policy prescriptions can 
be achieved through legislation alone. Others, however, require multiple years of development and 
demand a coalition of technology leaders, market professionals, and international partners.  
 
We developed an implementation framework to evaluate each recommendation across three 
categories: 
● Impact: Will this create economic value and/or reduce risks to national security interests? 
● Cost: What cost burden will be shouldered by the USG? 
● Political feasibility: How much political capital would this require in Congress? 
● Complexity: How much external stakeholder coordination and expertise would this require? 

 
Figure 8: Prioritization Criteria 

 

Value Implementation Barriers 

Impact Cost Political Feasibility Complexity 

High  Minimal USG cost burden 
(>$100M) 

Bipartisan/likely minimal 
opposition 

Low technical, regulatory, 
and financial complexity 

Moderate  Moderate USG cost 
burden ($100M-$1B) Likely moderate opposition Moderate average 

complexity  

Low  (do not recommend) Significant USG cost 
burden (>$1B) 

Likely high political 
opposition 

High technical, regulatory, 
and financial complexity 

Implementation Matrix 
The following ratings reflect the cumulative information we gained through expert interviews, 
secondary sources, and reviews of financial statements for public companies. We also assessed these 
assumptions with industry experts and market professionals. 

 
Figure 9: Recommendations Assessed by Value and Implementation Barriers 

 

Recommendation Impact Cost Political 
Feasibility Complexity 

Build advanced US foundry     

Increase & consolidate research funding     

Develop engineering scholarship program     

Provide facility/equipment tax breaks     

Deploy entrepreneurial visa program     

Co-invest in semiconductor startups     
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Expand non-dilutive capital vehicles     

Apply equipment export controls     

Gauge EU interest in national champions     

Support Taiwan’s “Southbound” policy     

Rejected Hypotheses  

Maintain status quo/rely on private capital     

Increase pressure on TSMC     

Build redundancy in through Samsung     

Expand bans on Chinese companies     

Rollout Plan 
The following diagram summarizes the next steps for each recommendation. As stated above, the 
rollout plan focuses exclusively on proposed initiatives with high and medium impact. 
 

Figure 10: Recommendation Rollout Plan 
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Addressing the Potential Response 
Dependence on foreign manufacturers creates a systemic risk to the American technology industry 
and US national interests. We believe this risk, and the lack of alternatives, demands long-term 
investment in a domestic manufacturing capability. We also recognize this would be a significant 
shift in industrial policy and could be criticized as an inadvisable venture into state-owned industry. 

This is a legitimate concern: the private sector is the primary driver of innovation and 
commercialization today. Within the US, business R&D spending has outpaced federal R&D 
spending since the 1980s.86 We agree economic growth should not rely on the government picking 
winners and losers among industry competitors. Additionally, high-profile failures have left 
policymakers and the public wary of grants and loan guarantees to unproven technologies. We 
anticipate pushback that a multi-billion dollar manufacturing plan could face the same fate as the 
Department of Energy’s notorious loan guarantee to the solar company Solyndra, which went 
bankrupt two years after receiving a $535 million loan. 

This criticism, however, overlooks the reality that government has played a defining role in the US 
innovation ecosystem for decades. Long-term research projects at the Defense Advanced Research 
Projects Agency (DARPA), DoE, the National Science Foundation (NSF), the European 
Organization for Nuclear Research (CERN), and other public sector programs have produced 
transformative technology. This research has transformed industries, such as the DOE’s $137M 
investment in the Eastern Gas Shale Program, which helped commercialize fracking technology and 
move the US towards energy independence. Federal research has led to other direct product 
conversions through the commercial application of publicly-funded research, such as the Internet, 
the jet engine, GPS, and communications satellites. It also facilitated component conversion, such as 
iPhone components that trace back to projects at DARPA (voice recognition), DoE (lithium-ion 
batteries), and the US military (wireless cellular technology), among others.87 Government 
innovation programs have enabled many more recent success stories, such as the DoE Loan 
Program Office’s $450+ million loan to Tesla, paid back in full by the electric car company.88 The 
CIA-affiliated venture capital firm In-Q-Tel has achieved multiple high-value exits with its portfolio 
companies, including cybersecurity firm FireEye and Google Earth predecessor Keyhole, Inc. 
Additionally, public sector support is not limited to early-stage technology companies. The 
government provides substantial tax, grant, and loan support to legacy industries like oil and gas, 
which receive an estimated $20B in annual federal subsidies.89 

Because advanced semiconductors play a foundational role in the US economy, we believe 
manufacturing resilience is an economic and national security imperative. Within the last two years, 
both geopolitical trends, like the US-China trade war, and black swan events, like the Coronavirus 
pandemic, have highlighted the fragility of the US global supply chain. While there are valid 
concerns about government intervention in private industry, there are also many models of 
successful public-private technology partnership this program could emulate.  

  

 
86 U.S. Congressional Research Service. U.S. Research and Development Funding and Performance: Fact Sheet (R44307; Jan. 24, 2020), by John F. 
Sargent, Jr. Text in: https://fas.org/sgp/crs/misc/R44307.pdf.  
87 Mariana Mazzucato. “Mission Oriented Innovation.” Institute for Innovation and Public Purpose, University College London. 
https://www.oecd.org/naec/NAEC_Mazzucato.pdf  
88 Loan Programs Office, “Tesla.” Department of Energy. https://www.energy.gov/lpo/tesla  
89 Environmental and Energy Study Institute, “Fact Sheet: Fossil Fuel Subsidies.” https://www.eesi.org/papers/view/fact-sheet-fossil-fuel-subsidies-
a-closer-look-at-tax-breaks-and-societal-costs  
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Conclusion 
 
US technology exports have been a pillar of American soft power for decades. Nearly every 
technological breakthrough from companies like Microsoft, Google, Apple, and Facebook enabled 
the US to define digital norms and standards. Global brands from Silicon Valley are synonymous 
with innovation and leading edge technology. Technological advantage also allows smaller countries 
to punch above their weight—Taiwan, South Korea, and Japan derive political power in part from 
the technology companies driving their economic growth. 
 
As China’s semiconductor industry grows, its share of global sales will increase. State investments 
and subsidies may fuel excess production, depress global prices, and drive US companies out of 
certain markets. They may also expand Chinese influence in places like Africa, Southeast Asia, and 
the Middle East if China makes the same inroads into the digital industry as it has in 
telecommunications and infrastructure.  
 
The US faces economic and national security risks from its growing dependence on foreign 
suppliers. In the long-term, the US also risks ceding a core advantage to a military adversary. 
Congress must mobilize to address these challenges to the US technology industry.  
 
Many of our recommendations are ambitious: enact immigration reform, deploy billions of dollars 
of government investment, administer technically- and bureaucratically-complex programs, 
coordinate trade policy among allies. We are confident, however, that Congressional action can 
transform domestic manufacturing and reduce risks to US economic competitiveness and national 
security.  
 
The US semiconductor industry has already served as a model for how the private sector and 
government can work together. In the 1980s, Japan threatened to overtake the US in market share 
and chip quality. Within a decade, however, a consortium of American chip companies and 
policymakers had effectively revitalized US manufacturing and reduced the threat of Japanese 
competition.90 While the threat has changed, private sector support for this approach has not. 
Industry executives and investors interviewed for this report expressed a unanimous desire for a 
national strategy to address China’s hardware investment. Despite its limitations, the government 
commands unmatched convening power and resources.  
 
China has already demonstrated progress against “Made in China 2025” and is rapidly deploying 
technologies like 5G and facial recognition that blur the divide between the physical and digital 
worlds. In a future where every device has a sensor, it becomes an economic and national security 
imperative to invest in semiconductor resilience today. 
 
  

 
90 An account of the semiconductor consortium SEMATECH and America’s “results-oriented” trade policy towards Japan can be found in America's 
Trade Policy Towards Japan: Demanding Results by John Kunkel (Taylor and Francis, 2003). 
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Ethics  
 
The research for this Policy Analysis Exercise was conducted according to the highest ethical 
standards for scholarly research. The authors completed training on ethical research specifically 
designed for qualitative, interview-based public policy work. The author’s research plan and ethical 
evaluation criteria were approved by an Associate Professor at the Harvard Kennedy School. The 
authors abided by the following five principles in their fieldwork and interviews:  
 

1.  Minimize risks and harms to yourself and others 
2.  Be honest and realistic about the benefits of your research 
3.  Obtain free and informed consent from participants 
4.  Protect confidentiality and privacy 
5.  Understand your ethical obligations at home and abroad 

 
Ethical considerations were also taken into account throughout the writing of this report. The 
authors relied on elite interviews: leading experts in the semiconductor and finance industries and 
policymakers with an industrial policy focus. The authors received informed consent from each 
interviewee at the outset of the interview and incorporated the findings of the interview into the 
report according to the preference of the interviewee. The majority of people interviewed fell into 
one of the following categories:  
 

1. Quoted or paraphrased and cited explicitly 
2. Quoted or paraphrased and cited anonymously.  
3. Not referenced in a public report but incorporated into the closed oral briefing delivered to 

the client  
 
The authors took additional precautions to protect the identities and recordings of interviewees in 
light of the Freedom of Information Act (FOIA). The authors received a tailored briefing on FOIA 
from the legal counsel at the National Security Commission of Artificial Intelligence and shared their 
research with the client in a way that protected interviewees who wished to remain anonymous from 
FOIA requests (interview notes shared orally/in person, not writing). Any direct quotes and 
paraphrasing cited in the report were approved by the interviewee before publication.   
 
Finally, throughout the research process, the authors strove to be transparent about the nature of 
their work and the limits of their influence: this research was presented to a US government entity 
and Harvard University, but it does not represent an interest, investment, or endorsement by either 
party.  
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Appendix 1: Interviews 
 

Interviews 

Title Industry Date Location Type 

Co-Founder and COO AI Startup  October 2019 California Video Conference 

Co-Founder and COO AI Startup  November 2019 Massachusetts In-Person 

Professor Academia November 2019 Massachusetts In-Person 

Co-Founder and CEO AI Startup (Israel)  November 2019 
 

Massachusetts In-Person 

Co-Founder AI Startup  November 2019 California Phone 

Product Lead Hardware 
Manufacturing 
(Taiwan) 

December 2019 Massachusetts In-Person 

Former Legislator Government  December 2019 Massachusetts In-Person 

Partner Finance December 2019 California Phone 

Co-Founder and CEO Semiconductor Startup December 2019 Massachusetts In-Person 

Former Senior 
Advisor 

Government December 2019 California Phone 

Partner Finance December 2019, 
February 2020 

Massachusetts In-Person 

CTO Semiconductor 
Material & Equipment 

December 2019 
 

Massachusetts Phone 

Professor Academia December 2019, 
February 2020 

Massachusetts In-Person 

Legislator Government (Taiwan) January 2020 Taiwan In-Person 

Operations Accelerator January 2020 Taiwan In-Person 

VC Accelerator January 2020 Taiwan In-Person 

Deputy Director, 
Chief Counsel 

Semiconductor 
Manufacturing 

January 2020 Taiwan In-Person 
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Partner Accelerator January 2020 Taiwan In-Person 

Analyst Accelerator January 020 Taiwan In-Person 

Deputy Counselor Government January 2020 Taiwan In-Person 

Deputy Director-
General 

Government January 2020 
 

Taiwan In-Person 

Founder, former CEO 
and Chairman 

Semiconductor 
Manufacturing 

January 2020 
 

Taiwan In-Person 

CEO and Chairman Semiconductor 
Manufacturing 

January 2020 
 

Taiwan In-Person 

Analyst Government January 2020 Japan In-Person 

Economist Government January 2020 Japan In-Person 

Vice President & 
General Manager 

Semiconductor 
Materials & 
Equipment 

January 2020 Japan In-Person 

Associate Professor Academia January 2020 Japan In-Person 

Chairman of the 
Board of Directors 

Non-Governmental 
Organization 

January 2020 Japan In-Person 

Chief Specialist of 
Business Planning 

Semiconductor 
Manufacturing 

January 2020 Japan In-Person 

Investor Finance January 2020 California In-Person 

Partner Finance  January 2020 California In-Person 

Principal Finance January 2020 California In-Person 

Managing Director Finance January, 
February 2020 

New York Phone 

Venture Partner Finance February 2020 Boston In-Person 

General Partner and 
Chairman 

Finance February 2020 California Phone 

Senior Partner Consulting February 2020 California Phone 
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