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CHAPTER FOUR

A Long-Term Competitiveness
Strategy for US Domestic
Semiconductor Technology

EDLYN V. LEVINE AND DON ROSENBERG

The United States has an overriding national interest not just in maintaining a
secure semiconductor supply chain, but also in pursuing leading capabilities,
including in design, software tools, manufacturing equipment, materials, man-
ufacturing, and advanced packaging—as well as the advanced products in
which chips are used.

The long-term economic dynamism of the United States, its global techno-
logical leadership, and its military deterrence capability require both pushing
forward semiconductor—and other critical-technology —frontiers and translat-
ing those technology breakthroughs into commercial success. US success across
both realms will also accrue to its global trade and technology partners, and
benefit the broader human condition.

This chapter details the steps that the US government and its partners can
take to foster overall technological progress on semiconductors and the ability

of the United States to benefit from those inventions.

The best way to predict the future is to invent it.
—ALAN KAY

Technology is now the primary battleground of modern superpower
competition. The ability of one nation to impose its will on another
has expanded to include a nation’s ability to wield technological assets,



132 Edlyn V. Levine and Don Rosenberg

control access to high-tech supply chains, and develop novel innova-
tions that drive economic growth and impact geopolitics.

In the twentieth century, a rich ecosystem for innovation was
founded in the United States on the principle of translating funda-
mental scientific breakthroughs into solutions to engineering prob-
lems. Liberal capitalism produced a winning formula that combined
scientific research, manufacturing, free enterprise, skilled workforce,
and the rule of law (including effective legal protection for intellectual
property). The exigencies of twentieth-century wars further catalyzed
scientific innovation and demonstrated the importance of a robust
research-industrial base. For instance, the manufacturing and research
institutions composing the “Arsenal of Democracy” in the United States
went head-to-head against the industrial conglomerates of IG Farben
and Vereinigten Stahlwerke in Nazi Germany during World War II.
The United Kingdom, by contrast, had a strained manufacturing sector
and had to export new inventions such as the cavity magnetron (critical
to radar) to the United States to exploit their full military potential for
the war effort.

By the twenty-first century, this Arsenal of Democracy had faltered.
The COVID-19 pandemic exposed a crisis in US science and technology
industries: they were unable to provide the necessary surge in personal
protection equipment, pharmaceuticals, and respirators.! This failure
was a consequence of the decades-long erosion of the US industrial
base. The commercial entities that supply advanced technologies have
long taken advantage of market efficiencies by outsourcing manufac-
turing to low-cost locations, leading to complex and geographically
dispersed supply chains. We see this phenomenon clearly with semi-
conductors, critical materials, photonics, aerospace, biotechnology,
nuclear materials, energy production, energy storage, and more.

The contraction of the US manufacturing sector and dispersal of the
US supplier networks are deeply concerning. Not only does the loss of
these complementary assets diminish the capability of the US industrial
base to provide surge capacity during a crisis, it also subjects the United
States to an outright denial of critical technologies by other nations as a

means of exerting influence. The most pressing concern resulting from
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the dispersal of high-tech manufacturing, however, is the loss of future
technology superiority and technology-driven economic growth.

This concern is rooted in the principle that an innovative coun-
try’s ability to create value in the form of new technology does not
necessarily translate into that country’s ability to capture value by
scaling those inventions into meaningful, market-competitive prod-
ucts. Capturing value from innovation requires command of the “com-
plementary assets” needed to scale innovations. These assets include
capital, advanced manufacturing capabilities, supplier networks, and
a highly skilled workforce. Additionally, value creation in certain
advanced-technology sectors is possible only through the interplay be-
tween experimentation and manufacturing, giving an innovation edge
to the countries that maintain robust manufacturing sectors.?

Today, no high-tech industry is as strategically important to US
technology leadership as is the semiconductor industry. As described
in chapter 2, semiconductors are produced using one of the most com-
plex manufacturing processes ever conceived, consisting of thousands
of steps to achieve near-atomic-level precision at high production vol-
umes. The complexity of the involved physics, chemistry, and engi-
neering epitomizes the virtuous cycle connecting inventive research
to innovative manufacturing; that cycle is imperative for progress in
semiconductors.

This chapter evaluates the longer-term policy options available to
the United States to secure its strategic autonomy through control of
critical technologies such as semiconductors in light of today’s com-
plex technological and geopolitical realities. In particular, how can we
better capture the value of (i.e., commercialize) emerging technolo-
gies to ensure continued US technological superiority and economic
competitiveness?

Defining a US Policy Objective: Strategic Autonomy via the
Control of Critical Technologies

Technologically and economically derived power shifts occur over de-
cades, and result from progrowth policies applied consistently over
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many political cycles to achieve a national purpose. China’s rise is the
most recent example of long-term coordination between political and
industrial sectors to achieve economic and strategic aims consistent
with the country’s nationalistic objective of global leadership by 2049.
In comparison, we have observed how US policy in recent decades has
lacked purpose, instead focusing on the near-term political demands of
election cycles.

For the United States to ensure that it controls its own destiny on
semiconductors over the long term, a drastic pivot is required—away
from short-term, reactive politics and toward an intentional, well-
defined objective, accompanied by consistent policy measures sustained
over a meaningful duration.

This chapter proposes that the objective of US policy over the next
twenty-five years needs to be strategic autonomy: to protect and defend
its sovereignty, liberty, and way of life—and those of its global partners—
by means of technological superiority and economic leadership.

The ability of a country to control its destiny depends on its con-
trol of critical technologies. Advanced technologies are essential to life-
supporting and economy-critical infrastructure (such as energy, food
distribution, communications, health care, and life-support systems)
and to national security and force projection (such as command and
control, communications, surveillance, navigation and timing, ad-
vanced conventional weapons systems, electronic warfare, and space
systems). Because semiconductors are a core enabling technology in
all of these realms, controlling semiconductors is critical to achieving
strategic autonomy.

Control of critical technologies implies four things. First, control
requires guaranteed access to these technologies under all conditions,
whether peace, international crisis, or war. No adversary should be
able to impose its political will on the United States by denying or com-
promising access to a critical technology—either to the product itself
or to its supply chain.

Second, control implies the option to deny an adversary access to
the technology if that country threatens US or partner interests. Denial

of access to US and partner technology, however, has costs for domestic
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tech industries—so it should be used sparingly. Importantly, the pros-
pect of denied access must be sufficiently credible and impactful to a
country to be a deterrent.

Third, control includes the ability to respond to a surge in demand
for a technology in a time of crisis. This ability has implications for the
location of manufacturing centers: geographic access to a manufactur-
ing center that is not located domestically or in a partner country can
be more easily denied in a time of crisis. Suppliers and skilled labor
are also generally colocated with manufacturing centers, and knowl-
edge spillovers are enabled by the technology ecosystems that grow up
around manufacturing centers.

Fourth, control means having the ability to lead both the develop-
ment (value creation) and commercialization (value capture) of future
generations of a critical technology. Both are required to realize long-
term domestic economic growth and to sustain asymmetric technology
leadership. Doing so for semiconductors will require new policies to
improve US weaknesses in manufacturing, economies of scale, and in-

tellectual property (IP) that account for the following:

« Manufacturing and research are closely linked for semicon-
ductors. Without research, manufacturing is a path to obsoles-
cence; without manufacturing, research is a bridge to nowhere.
Semiconductor technology requires continual research and
development for new capabilities to be manufacturable, and
continuous feedback from manufacturing to inform and scale
research results.

+ Economies of scale are critical for commercial success in semicon-
ductors due to the high fixed cost and barriers to entry of advanced
manufacturing. Countries that create favorable environments for
large, capital-intensive semiconductor companies will more easily
capture the value of new inventions due to the increased efficiency
introduced by the capability to manufacture at scale.

+ Semiconductor manufacturing technology is highly dependent on
trade secret protection and may be especially vulnerable to trade
secret theft or other IP misappropriation. Today’s semiconductor
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innovators—whether in the United States, Taiwan, Korea, Japan,
or the Netherlands—are operating in a regime of weak appropri-
ability due to actions taken by China and others to coercively or

illicitly appropriate technologies invented in other nations.

In consideration of the policies needed to achieve strategic auton-
omy through the control of critical technologies, we cannot ignore the
reality that the next twenty-five years may not be peaceful, but marred
by warfare. Russia’s invasion of Ukraine and China’s repeated threat
of military aggression to absorb Taiwan highlight this possibility. A
technological advantage and a robust economy with a domestic man-
ufacturing base are essential for any wartime effort. Thus, long-term
policies undertaken today should better position the United States for

any military conflict that may emerge.

Why Is the United States No Longer in a Position of
Assured Technology Leadership?

The policies that should be adopted today should be informed by an
understanding of industrial policies of the late twentieth and early
twenty-first centuries: if we do not examine the policies responsible
for the hollowing out of US semiconductor manufacturing and indus-
try leadership, new efforts may simply perpetuate the policy failures
of the past.

Recent US policy making has been dominated by near-termism.
Even the novel and relatively ambitious Creating Helpful Incentives to
Produce Semiconductors (CHIPS) and Science Act of 2022 is, in many
respects, a victim of this malady: it provides tens of billions of dollars
in government subsidies over just five years (which may be allocated as
much by political motivations as by market-driven forces), as well as
some time-bound tax credits—but it still does not address many of the
root-cause factors, such as the overarching tax, trade, and regulatory
environment that has driven the offshoring of manufacturing over de-
cades. Reflecting the lack of long-term focus, the US Senate passed as
part of the Inflation Reduction Act of 2022 (IRA) a punitive 15 percent
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tax on US corporations on the same day the CHIPS Act passed both
chambers. History teaches that the CHIPS Act will be insufficient
and inefficient, and portions of the IRA will be counterproductive to
US interests.

Today, the United States accounts for only 12 percent of semicon-
ductor manufacturing and a mere 2 percent of outsourced assembly
and testing.® These figures represent a drastic decline from its former
prominence as the leader of the semiconductor industry across the
industry’s value chain. During the 1950s and into the 1960s, the in-
ception, growth, and early maturation of the semiconductor industry
were solely a US affair. A naive view toward comparative advantage
would conclude that, with such strong domestic capabilities initially,
the US semiconductor industry would remain dominant as a point of
equilibrium. This view, however, neglects the fact that nation-scale
industrial policies shape global markets: other countries, realizing
the strategic importance of the semiconductor industry, adopted ag-
gressive policies to shift the global distribution of the industry in
their favor. The consequent loss of the US semiconductor manufac-
turing base, then, was a combined result of US policy failures and
others’ policy successes, including in Japan, Taiwan, South Korea,
and China.

The free-market landscape in which multinational companies op-
erate is actively shaped by the actions and policies of governments
around the world. China’s emerging strengths in today’s market are
particularly concerning in this light due to China’s immense scale, key
role in semiconductor-dependent global value chains, and market-
distorting policies.

Companies evaluate and select new manufacturing sites primar-
ily based on the availability of infrastructure (spanning power, water
sources, and telecommunications), tax policies and incentives, reg-
ulatory hurdles and permitting timelines, proximity to customers,
presence of adjacent industries, local workforce, and access to distri-
bution channels.* Additional factors—access to capital (including debt
financing and foreign investment), antitrust regulation, IP protection,

and the impact of restrictive measures such as export controls, tariffs,
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sanctions, and visa limitations—have become increasingly important.
These factors offer a rubric for policy makers as they seek to create
environments favorable for manufacturers.

The reality today, however, is that the manufacture and packaging of
semiconductors in the United States is economically noncompetitive—
largely because US policy makers have inadvertently made the country un-
profitable for such capital-intensive manufacturing. As a semiconductor

industry executive stated:

I’d love to make this product in America. But Pm afraid I won’t
be able to. . . . Wages have nothing to do with it. The total
wage burden in a fab is 10 percent. When I move a fab to Asia,
I might lose 10 percent of my product just in theft. . . . [The
problem is] everything else. Taxes, infrastructure, workforce
training, permits, health care. The last company that proposed
a fab on Long Island went to Taiwan because they were told
that in a drought their water supply would be in the queue after

the golf courses.’

In short, the industrial policies of both competitor and partner na-
tions in Asia, as well as US policy failings, have hollowed out the semi-
conductor manufacturing environment in the United States.

Policies to Achieve US Strategic Autonomy through
Semiconductor Leadership

Given the above, we believe that US long-term semiconductor policy

should include the following components:

« Enhancing value capture and commercialization of research
through scaling innovation alongside the incubation of comple-
mentary domestic manufacturing activity

» Strengthening national and economic security by decreasing de-
pendence on unreliable competitor nations and by diversifying
geographic risk
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« Amplifying value creation through investment in US research ca-
pacity for breakthrough technologies, which for semiconductors
is strongly coupled to advanced manufacturing

« Strengthening the global appropriability regime by countering
China’s systematic theft of US and partner nation technologies

The core tenet of consistent policies across manufacturing, research,
and appropriability is to ensure that the United States (together with
its partners) leads in both value creation and value capture.® Success
here over the next quarter century should be measured in terms of an
increase in US semiconductor global market share in manufacturing
and in assembly and testing; sustained market positions in design and
manufacturing equipment; and the number of investments made in the

United States in cooperation with partner-nation firms.

1. Policies to Enhance Value Capture

Capturing the value of new technologies is important for economic
growth. The commercialization of new technologies leads to more do-
mestic companies, domestic supplier and consumer networks, domes-
tic jobs, and overall GDP growth. The United States has historically
benefited from its ability to capture the value of its innovations: per-
sonal computers, cellular networks and devices, and social networks
led to the creation of some of the world’s largest and most valuable
companies.

Recent US technology policy has focused almost exclusively, albeit
parsimoniously, on value creation through research and development
(R&D) funding. The resources and environment needed for break-
through inventions, however, are very different from those needed to
capture the market value of those breakthroughs—and a lack of policy
focus has led to an atrophy of US ability to capture the value of new
inventions.

Unsurprisingly, many US inventors lament that, although they were
the first to invent a new technology, a competitor or imitator—for ex-
ample, from China—has captured all of the profit. The photovoltaics
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industry and lithium-ion battery industry are two prominent exam-
ples of value capture by China; during the Eisenhower era, color TVs
were an example of value capture by Japan. Andy Grove—the third
employee and ultimately third CEO of Intel—aptly stated that to cap-
ture value, a new technology or tech industry “needs an effective eco-
system in which technology knowhow accumulates, experience builds
on experience, and close relationships develop between supplier and
customer.””

Creating these ecosystems should be the objective of policies fo-
cused on value capture. Value capture primarily depends on two fac-
tors: one, the ability to access the complimentary assets required to
scale a new innovation, and two, the strength of the appropriability
regime needed to protect the innovation.

Today, the semiconductor industry operates in a weak global ap-
propriability regime, largely due to the actions of China and other
countries to obtain strategic technologies. Although the United States
has an imperative to counter the actions of China and other countries
and strengthen appropriability as discussed below, the greatest oppor-
tunities to enhance US value capture from innovation—whether pio-
neered in the United States or elsewhere—come through augmenting
domestic complementary assets.

Complementary assets for the semiconductor industry include ad-
vanced prototyping facilities, highly complex manufacturing facilities,
packaging facilities, production and metrology equipment, digital
design tools, access to electronics-grade materials, and downstream
systems integrators. Without the domestic presence of these com-
plimentary assets, US firms looking to scale production and capture
the value of new innovations will increasingly be drawn abroad.® To
tip the scale of value capture in favor of the United States, domestic
policies favorable toward capital-intensive semiconductor manufac-
turing, packaging, equipment production, and materials processing
are needed.

Several policy options exist to increase value capture through the
augmentation of domestic complementary assets like manufacturing.

These include taxes, regulation, antitrust, subsidization, immigration,



A Long-Term Competitiveness Strategy for US Domestic Semiconductor Technology 141

and industrial commons. IP rights, which are also vitally important, are

discussed in a subsequent section on global appropriability.

Taxes

Far from being globally competitive, the existing US tax code is struc-
turally biased against capital-intensive businesses, especially manufac-
turers. The current tax code requires companies to spread deductions
for capital investments over multiple years. For example, the capital ex-
penditures associated with building a semiconductor foundry—which
run in the billions—cannot be immediately deducted from taxable in-
come, but instead must be spread over a thirty-nine-year period.” The
reduction in the real value of deferred deductions over this time due
to inflation and the time value of money causes an overstatement of
taxable income for the manufacturer. The result is a tax bias in favor of
service firms with high labor costs and low capital expenditures, and a
tax penalty for firms requiring high capital expenditures and low labor
costs. To that end, we recommend the following:

+ US policy makers should eliminate the tax penalty against capital-
intensive industries like semiconductor fabrication by allowing
firms to deduct 100 percent of their capital expenditures in the

first year of purchase.

Multinational semiconductor companies assess potential site locations
for fabrication and packaging facilities based on national and local
taxes. Foreign governments, including China, Vietnam, and Thailand,
have offered generous income tax credits and even tax holidays to at-
tract the high-capital-expenditure manufacturing projects of global
semiconductor firms.!° Tax and other incentives (land, grants, etc.) in
China can account for up to 40 percent of the cost recovery of a new
fab’s total cost of ownership—well above that in other countries, in-
cluding the United States.! We recommend the following:

+ US policy makers should assess the effectiveness of the 25 per-
cent tax credit passed in the CHIPS and Science Act of 2022 and
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consider extension or expansion of the tax credit to make the US
a tax-competitive environment for semiconductor fabrication and
packaging facilities. Such tax incentives should also be extended
to cover the domestic manufacture of semiconductor equipment
needed for nanofabrication, including etch, deposition, lithogra-
phy, and metrology tools.

Semiconductors are a research-intensive technology, requiring com-
panies to invest heavily in R&D spending every year to remain com-
petitive. The US semiconductor industry reinvested 18.6 percent of its
revenue into R&D activities in 2021."> The US tax code allows for
R&D tax credits to incentivize corporations to undertake expenditures
necessary to support R&D activities. Claiming the R&D tax credits is
complicated for firms, and thus the tax credit is often inaccessible to
small firms."? Overall, US R&D benefits are not as competitive as those
of other Organisation for Economic Co-operation and Development
(OECD) countries.' Further, under current law, companies will be re-
quired to amortize R&D costs over five years—thereby reducing the
global competitiveness of the United States as an environment for cor-
porate R&D. We thus recommend the following:

+ US policy makers should permanently eliminate the tax code’s
five-year R&D cost amortization and simplify the R&D tax

credit system.

Finally, the overall corporate tax rate in the United States will be the
strongest determinant for attracting productivity growth investments
of multinational firms. Without a globally competitive business tax
system, eliminating the tax bias against manufacturing, providing tax
credits for fabs, and making R&D credits more generous will not be
effective in the long run. Before the Tax Cuts and Jobs Act (TCJA) was
passed in 2017, the United States had a statutory corporate tax rate of
38.9 percent, the highest among OECD nations. The TCJA reduced
the corporate tax rate to 21 percent and eliminated the alternative
minimum tax (AMT) that has been shown to disproportionately affect
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mining, transportation, warehousing, and manufacturing.”> Even so,
less than five years after passing the TCJA, Congress passed the 2022
IRA, which reinstated the AMT and established other means such as a
tax on US corporate book incomes. To raise government revenue, cor-
porate taxes have historically proven to be the most economically del-
eterious, due to their chilling impact on corporate productivity-growth
investments such as manufacturing and R&D.!"* We recommend the

following:

+ US policy makers should eliminate the alternative minimum tax
and additional corporate tax hikes passed in the IRA because
they have historically proven to disincentivize domestic manu-
facturing and other investments of multinational corporations.
The US should create an internationally competitive corporate
tax system by embracing lower statutory corporate taxes, such as
the 21 percent rate introduced by the TCJA.

Regulations and Permitting

The ability of the United States to remain globally competitive in semi-
conductor technologies requires an ability to move quickly to build
manufacturing capacity for legacy technologies, as well as to construct
next-generation fabrication facilities. The CHIPS Act includes federal
subsidies and tax credits for fabrication and packaging—but it does
nothing to alleviate the regulatory burden on domestic semiconductor
manufacturers.

Today’s federal and state permitting requirements are unacceptably
slow. Under the federal Clean Air Act (CAA), two permitting programs
are primarily of concern to semiconductor manufacturing: precon-
struction permits and operation permits. These permits are generally
granted at the state and local levels but are subject to Environmental
Protection Agency (EPA) review. The permitting process for new facil-
ities can take upward of eighteen months, which is prohibitive for a
competitive industry where time provides a decisive advantage.!” A re-
cent study analyzing the construction of greenfield fabrication facilities
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showed that the construction-to-production time of a new fab in the
United States has increased by 38 percent over the last thirty years—
significantly longer than in other regions, notably Taiwan and China.'®

Expedited permitting and regulatory support is necessary for the
United States to increase its domestic semiconductor manufacturing
capacity. Doing so is especially important for attracting foreign com-
panies to build outside of their headquartered countries where they
often have ready access to policy makers to create favorable regulatory
environments. And the need for reform is underscored by the fact that
US firms are no longer at the leading edge of semiconductor manufac-
turing. We recommend the following:

» The EPA should create an expedited, simplified, and transpar-
ent permitting process for greenfield fabrication, packaging, and
equipment manufacturing facilities to be constructed under the
CHIPS Act, with a capped time for permitting decisions of three
months. The permanent adoption of this expedited process should
be considered for the construction of future facilities. Redundant
federal, state, and local permitting requirements should be iden-
tified and removed.

A robust supply of chemicals, materials, and gases is essential both for
domestic semiconductor fabrication and for ensuring US industry sup-
ply chain resiliency. Materials suppliers to the semiconductor industry
often face even higher regulatory barriers than fabrication facilities. For
example, raw materials suppliers face mining permits in addition to the
construction permits faced by manufacturing facilities. A Taiwan-based
supplier of specialty gases for fabrication estimated that building a fac-
tory in the United States is five to six times as expensive as in Taiwan, in
part due to these regulatory barriers.'” That appraisal was echoed on an
earnings call in January 2023 by Taiwan Semiconductor Manufacturing
Company (TSMC), whose CFO reported that their facility construction
costs in Arizona exceeded those in Taiwan by four to five times.?
Additional EPA regulations may restrict the domestic production,

supply, and use of certain chemicals necessary for semiconductor
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fabrication. Examples of chemicals subject to EPA regulations include
N-methylpyrrolidone (NMP); octamethylcyclotetra-siloxane (D4);
TBBPA; hydrofluorocarbons; and phenol, isopropylated, phosphate
(3:1) (PIP (3:1))—all of which are important to aspects of semicon-
ductor manufacturing, performance, and safety.?' Recent EPA evalu-
ations under the Toxic Substances Control Act (TSCA) may increase
restrictions for US manufacturers to access these and other relevant
semiconductor production materials, thereby increasing domestic sup-
ply chain uncertainty and disruption. This all was recently borne out
with the EPA’s restriction on usage of PIP (3:1), a common chemical in
semiconductor equipment.??

These regulatory restrictions have contributed to zeroing out the
domestic production of the chemicals, materials, and gases needed for
semiconductor fabrication—today, the United States is almost entirely
import dependent.”> Many countries the United States depends on for
these critical minerals do not have the same environmental protections
and continue to damage the environment, albeit elsewhere on the globe.
It would be environmentally advantageous and beneficial to US eco-
nomic and supply chain resiliency to determine a means for producing
and using these chemicals, minerals, and gases in an environmentally
safe manner domestically, thereby reducing the geographic externality
of outsourced environmentally damaging processes. We recommend
the following;:

+ To address acute supply chain demands and strengthen the do-
mestic availability of critical chemicals, materials, and gases, the
EPA should provide near-term exclusions or exemptions for reg-
ulated substances. In parallel, funding and incentives for the dis-
covery and development of alternative, environmentally friendly

replacement materials and processes should be prioritized.

Antitrust Regulation

Size matters in the semiconductor industry. Capturing economies of
scale is exceptionally important for managing the exorbitant costs
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of manufacturing semiconductors—which can include up-front capital
commitments of $20 billion for a new fab. The distribution of produc-
tion costs over a large number of manufactured devices is essential for
driving down the cost per unit and making ownership and operation of
a foundry economically viable.

Experience also matters in the semiconductor industry. The eco-
nomic concept of “learning while doing” or the “learning curve” re-
lates the reduction of unit costs to the accumulated learning needed to
produce each successive unit.>* This learning is particularly important
for the complex high-tech manufacturing processes needed for semi-
conductor production. The rule of thumb is a 20 to 30 percent decline
in unit cost for each doubling of experience or production volume.?
The combination of size and experience can produce a decisive compet-
itive advantage for a firm: a company with dominant market share can
more rapidly accumulate experience and, consequently, perpetuate its
cost advantage over rivals. Market power also enables firms to accrue
the resources and capital necessary to fund their R&D.

Current antitrust regulation does not sufficiently account for the
dynamic aspects of competition in evolving technology industries.?®
Nor does antitrust enforcement account for the importance of firms
to advanced technology development, national security, and economic
competitiveness.”” The breakup of large technology companies leads,
among other things, to the diminution of market power needed for
research funding and related operational and capital expenses (e.g.,
owning, staffing, and operating R&D laboratories); a reduction in the
learning efficiencies that benefit from economies of scale; and the loss
of talent, capabilities, and assets that are often casualties of breakups.
And once the scientific talent, institutional knowledge, and technology
assets of a company are lost, they are virtually impossible to recover.

Antitrust enforcement against US technology companies over the
latter half of the previous century and into the twenty-first century
has led to a drastically reduced capacity for US firms to compete with
the protected companies and industries of other countries. In no US
tech sector is this more devastatingly apparent than in telecom equip-
ment. For over a century, the United States led the world in telecom
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technology development, equipment manufacture, and hardware in-
novation. Companies like AT&T, Western Electric, ITT, and Lucent
dominated the global market. But antitrust actions by the US Justice
Department to weaken these companies led to a vitiation of the domes-
tic industry to the point of nonexistence. Some conclude that “without
the aggressive antitrust policies of the US government, America would
still be the world leader in telecom equipment.”?® The loss of US tele-
com superiority has led to a loss of economic first-mover advantages in
network infrastructure for 5G and 6G, and in turn has heightened the
national security implications of the rise of China’s Huawei and ZTE.

More of this antitrust enforcement could destroy both the capacity
of US industry to innovate and the ability of the US economy to cap-
ture the value of those innovations. The US government’s posturing to
break up large Silicon Valley tech companies—some of which are at
the cutting edge of semiconductor design and application—will have a
similar deleterious impact on the US semiconductor industry’s global
competitiveness. Just as concerning is the recent approach by competi-
tion agencies toward acquisitions and mergers. Acquisitions often serve
as the vehicle for moving the results of R&D to commercial practice.
Indeed, a significant share of start-ups look forward to an established

firm acquiring them for just that reason. We recommend the following;:

+ US antitrust policy should take into account a firm’s impact on
US economic competitiveness, national security, and innovation
capacity by recognizing the importance of a firm’s market power
on its ability to invent and scale new technologies, as well as its
ability to compete with the protected industries of other nations.
Innovation-based antitrust evaluation requires improved meth-
ods and metrics for regulators to effectively assess global markets
and downstream impacts on US technology leadership.

It is worth considering the chilling effect that antitrust enforcement
can have on technology collaboration between firms. The National
Cooperative Research Act (NCRA), passed by Congress in 1984,

allowed companies within the same industry to form consortia to
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collaborate in precompetitive R&D. But the NCRA does not extend to
the R&D required to scale differentiated products to the competitive
market when in fact such collaboration may be necessary. In Japan, by
contrast, liberal antitrust enforcement and the exemption of the com-
puter and semiconductor industries contributed to the rise of Japan’s
industry in the 1970s and 1980s.” Ultimately, the United States
passed its own antitrust exemption for the industry R&D consortium
SEMATECH, which was formed in response to Japan’s advances. We
thus recommend the following:

» The US Congress should pass a similar antitrust exemption for
semiconductor industry collaboration that may be undertaken in
response to the CHIPS Act. This exemption should extend be-
yond the limiting scope of precompetitive R&D, and Congress
should consider permanently adopting this exemption.

Subsidization

The provision of heavy government subsidies to preferred companies is
a standard tactic of the mercantilist playbook to grow domestic cham-
pions, including in China. This approach has succeeded in creating
Chinese technology juggernauts such as Huawei. Even so, it is mas-
sively inefficient and often corrupt, having led to a catastrophic waste
of Chinese public funds—indeed, government subsidies are all too
often distributed on the basis of political favoritism rather than market
competition.’® Historically, the United States’ embrace of free-market
competition has dampened the appetite for government subsidies to
industry. Current budget considerations also contribute to a total lack
of political will to compete with China on the magnitude of industrial
subsidies—what might be termed a subsidy “race to the top.”

Given this context, the US government must carefully consider the
best means to provide taxpayer subsidies to the industry in a manner
that avoids the market-distorting impacts of political favoritism and
the artificial propping up of noncompetitive organizations at the ex-

pense of taxpayers.
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Effective subsidies require assurance that taxpayer dollars are
awarded in a market-competitive manner, which can be achieved
by having the US government act as a customer. Creating market-
competitive programs involves the US government buying down the
demand risk for industry—enabling industry to focus on the technical
risks needed to develop its desired services, infrastructure, or capabil-
ities. In this way, subsidies can catalyze the building of complemen-
tary assets that are needed for future value capture of semiconductor
innovation.

This demand-side method was used by NASA during the Commercial
Orbital Transportation Services (COTS) program, which has encour-
aged the burgeoning of a globally competitive commercial space in-
dustry in the United States. COTS also made raising private financing
a requirement for firms to receive NASA dollars—the understanding
being that private capital would be loath to invest in a noncompetitive

business.3! Considering this, we recommend the following:

+ Subsidies to incentivize onshoring of semiconductor manufactur-
ing capabilities and other complementary assets—such as those
of the CHIPS Act manufacturing incentives program—should
be awarded on a market-competitive basis. This can be done by
requiring firms competing for the subsidies to raise additional
private capital to supplement taxpayer dollars. The US govern-
ment can further reduce private investment risk by acting as a
customer of some capabilities developed under the subsidy pro-
gram, for example through commercial purchase agreements for
chips needed in defense, energy, or other critical-infrastructure
modernization needs.

The CHIPS Act subsidies also include a significant amount of fund-
ing for research infrastructure. Most proposals for the research-related
CHIPS Act subsidies to date have focused on onshoring semiconductor
fabrication facilities that already exist elsewhere in the world. Going
forward, however, subsidies should also be directed toward build-
ing next-generation prototyping infrastructure that will be needed to
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overcome significant innovation barriers. Today, the cost and time as-
sociated with the invention and scaling of new semiconductor devices
have drastically increased, and in many cases are prohibitive to inno-
vators. The US government can use subsidies to derisk the development
of novel, cutting-edge infrastructure that would give an asymmetric
advantage to US innovators in capturing the value of their inventions
domestically. We recommend the following:

+ Rather than invest taxpayer dollars in copying existing prototyp-
ing facilities that have proven to be cost-prohibitive for US inno-
vators and startups, the US Department of Commerce should use
CHIPS Act funding for the National Semiconductor Technology
Center to build a next-generation network of digital and physi-
cal infrastructure needed to scale novel semiconductor devices.
This new infrastructure should take the form of a network of
new pathfinder fabs and facilities across the United States that
leverage technical advances, such as cloud-native, full-chip simu-
lation environments, Al-enabled design capabilities, and the digi-
tal twins of process flows with high-throughput experimentation.
The goal of that spending should be to lower the cost of chip
design and prototyping for US companies of all sizes.

Subsidies will have limited impact over time if the underlying industry
economics remain uncompetitive. Beyond tax and regulatory issues,
high labor costs in the United States are also particularly important
for the competitiveness of the semiconductor packaging portion of the
supply chain due to its high labor content. The United States is now
home to only 5 percent of global semiconductor packaging compared
to approximately 44 percent in China and 29 percent in Taiwan.
Funding the development of technologies to increase automation of
packaging facilities is thus another effective use of CHIPS Act subsidies
that have already been earmarked for packaging. Advanced packaging
technologies will also be a key driver of semiconductor device perfor-
mance enhancement over the next decade as two-dimensional scal-
ing of transistors slows, as discussed in chapter 2. Making packaging
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an economically viable manufacturing activity in the United States is
therefore a strategic imperative. We recommend the following;:

+ The Department of Commerce should use funding for the National
Advanced Packaging Manufacturing Program of the CHIPS Act
to fund the development of technologies that boost automation of
manufacturing, effectively increasing the output efficiency per em-
ployee by one to two orders of magnitude. US packaging facilities
built in response to the manufacturing incentives program should
be incentivized to adopt these advances to ensure economically
sustainable operation is achieved over the long term.

Skilled Labor

A skilled workforce is an essential complementary asset needed for ef-
fective value capture. And there is some concern that the United States
currently suffers from a workforce shortage in the semiconductor in-
dustry.>* In market economies like that of the United States, however,
perceived workforce shortages are often a result of the compensation
and perceived opportunities that an employer can offer.>

As noted in chapter 2, the US semiconductor industry competes
with high-paying US internet technology hyperscalers (e.g., Amazon,
Google, Meta), other tech firms, and Wall Street financial firms for
engineering talent. This tough competition—combined with acces-
sible and increasingly skilled low-cost labor in other countries—has
led to the offshoring of US semiconductor jobs. A lack of demand for
this type of employment domestically has led to a diminished work-
force. Until the demand side for a domestic semiconductor workforce
is addressed, putting more money into the supply side to increase the
“pipeline”—for instance, more electrical engineers and materials scien-
tists, the typical policy recommendation for workforce development—
will not effectively build a domestic workforce, because these skilled
workers will just migrate to higher-paying jobs.

Thus, if the United States wants to have a domestic industry with
the requisite skilled labor force, it is going to have to pay for that labor
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force with higher wages. Expecting semiconductor companies to pay
substantially higher salaries to US engineers is not a market-competitive
option, given the availability of low-cost labor elsewhere in the world.
Rather, the US government can provide direct means to boost remuner-
ation in the form of individual tax incentives for workers in strategic
industries. This approach is similar to the tax incentive provided by
the government in the Netherlands, under their “knowledge migrant”
visa program: highly skilled immigrants who emigrate with this visa
are eligible to receive 30 percent of their income free of tax, allowing
Netherlands technology companies to offer higher take-home pay.3®
We recommend the following;:

+ The US government should provide worker-oriented tax incen-
tives for the semiconductor industry and other strategic sectors to
boost take-home income.

That tax example highlights another aspect of the US labor market that
needs to be fixed: high-skilled immigration. Today, the United States
could do more to retain the talent that comes to our shores for edu-
cation. US universities are among the best in the world and naturally
attract the highest-achieving science and engineering students globally.
Many of these international students seek advanced degrees with associ-
ated research training that is funded by government grants—in the field
of electrical engineering in particular, 61 percent of graduate students
studying in US universities are temporary visa holders.>” Yet these stu-
dents are all too often forced to return to their countries of origin after
a brief postgraduation Optional Practical Training (OPT) work period
if they cannot secure a long-term employer visa sponsorship. More of
these skilled students want to stay in the United States than are able to.

The United States should provide pathways for these international
students to stay after graduation, ensuring that US industry has access
to the most innovative young technical talent in the world. Despite
bipartisan support, the politics surrounding broader immigration pol-
icy continually sabotage efforts to pass legislation enabling such high-
skilled immigration. For example, an amendment to exempt science
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and technology graduate degree holders from numerical visa caps
was excluded from a revised version of the 2023 National Defense
Authorization Act. We recommend the following:

« H1-B visas should be made available to all international students
completing a graduate program in science or engineering at an
accredited US university, and exempted from numerical visa caps.

Industrial Commons and Technology Hubs

The rise of Silicon Valley as a technology and innovation hub was ser-
endipitous and unplanned by the US government. But Silicon Valley has
served as a model for other nations to replicate through government
planning and programming. Technology hubs consist of geographically
concentrated tech companies that pursue cutting-edge innovation in
close proximity to one another. These hubs have well-known benefits
to enhancing a firm’s productivity as well as the efficiency with which
new technologies are invented and scaled.®

Hubs often benefit from favorable government policies, draw from
leading R&D universities and trade schools, and attract upstream suppli-
ers and downstream consumers to colocate. The result is a concentration
of technical exchange, supplier linkages, skilled labor, and knowledge
spillovers that turn technology hubs into powerful engines of wealth
generation. For example, Taiwan’s Hsinchu Science Park has evolved
into one of the most productive hubs in the world: by one measure, firms
located inside the hub are estimated to be 66 percent more productive
than other Taiwanese firms operating outside of it.* Another successful
example is the Saigon Hi-Tech Park in Vietnam, which succeeded in at-
tracting an Intel packaging facility in 2006; fifty-eight other companies
followed suit, bringing $2.03 billion in capitalization to the site.

Unsurprisingly, the creation of technology hubs is a result of a con-
fluence of many value-capture policies. Most successful technology
hub policies adopted by Taiwan, Singapore, South Korea, Vietnam,
and China have focused on creating favorable business environments
for large tech firms to move in, paving the way for smaller firms to
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relocate. These policies include favorable tax and regulatory environ-
ments, common infrastructure development, and public-private work-
force development programs to train local talent.

The US federal government, by comparison, has adopted few policies
focused on creating technology hubs. When such policies are considered,
subsidization—rather than creating favorable business conditions—
is often the method chosen by Congress. For example, the CHIPS Act
authorized $10 billion in taxpayer dollars to create twenty technology
hubs, but did not address creating the underlying business environments
that would make those hubs more desirable. Targeted subsidies have not
historically been successful in upgrading local economies and are sub-
ject to distribution based on political (rather than economic) factors.*
Instead, the US government should adopt an approach that focuses on
creating favorable business environments, including via accessible tax,
regulatory, and legal reforms that reduce entrepreneurial barriers and in-
crease commercial and manufacturing activity. Such an approach could
be seen as analogous to the special economic zones that have been used
to good effect in other parts of the world—including by China, whose
government in the 1980s pragmatically and selectively compromised on
its value of state control in order to achieve the broader goal of economic
growth. To that end, we recommend the following;:

« The US federal government should coordinate with state and
local governments to create opt-in technology hubs through the
implementation of policies that engender favorable business en-
vironments. These geographically limited hubs would adopt the
beneficial tax and regulatory reforms needed for effective value
capture that may not be possible to pass at the national level, such
as expedited environmental review or permissible worker visas.
Ongoing fine-tuning of legislation establishing such hubs should
be encouraged through experimentation and pilot projects.

Global Technology Standards

Global standards organizations play a critical role in defining the evolu-

tion of certain technology industries that are downstream consumers of
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semiconductors. These organizations select amongst various technolog-
ical choices and define paths for global interoperability. Because the se-
lection of a particular technology can create favorable conditions for a
supplier with existing market leadership, engagement in these standards-
setting activities is thus commercially important for private firms.

Increasingly, coordinated engagement in global standards organi-
zations is also becoming a national security matter—it is important
that US and partner companies therefore maintain their participation
in this process. In recent years, companies in China have been encour-
aged, and often directed, by their government to dramatically increase
their participation in global standards setting. Using this coordinated
approach, those companies and individuals can constitute the majority
of standards body members and, as such, play an outsized role—often
selecting technology paths that are favorable to China-based suppliers.

The telecommunications standards network 3rd Generation
Partnership Project (3GPP) provides a notable example of China’s
heavy engagement in international standards setting. 3GPP has re-
cently focused on 5G and 6G telecom standards, with implications for
upstream semiconductor suppliers. The number of China-based com-
panies participating in 3GPP as voting members, having more than
doubled in recent years, is now twice that of US-based voting mem-
bers.*! This growing influence enables China to guide the direction of
future technology development in the worldwide telecommunications
industry. If the United States and partners do not respond, companies
in open societies around the world will effectively have to comply with
China’s technology standards. Alternatively, as considered in the sce-
nario work of chapter 1, two separate global technology ecosystems
could develop, but that would eliminate the seamless interoperability
that has been so critical to global communication and trade.

Multiple policy options exist to enhance coordinated US and partner
participation in global standards setting. We recommend the following;:

+ Policy makers should consider incentivizing R&D investment to
develop and patent next-generation technologies to incorporate
in future standards; encouraging standards participation as a

prerequisite to receiving subsidies and tax credits; eliminating or
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making exceptions to export controls that restrict US participa-
tion in standards bodies when China-based companies are active
participants; providing antitrust exemption to US companies en-
gaged in collaboration with other companies in recognized global
standards bodies; and strengthening the rights of patent owners
to demand a reasonable, market-based return on investment for
contributions of essential technology to a global standard.

2. Policies to Strengthen National and Economic Security

Onshoring complementary assets to enhance US value capture and
commercialization is important, but additional considerations are re-
quired to strengthen US national and economic security. In contrast to
the minimal economic ties between the West and the Soviet bloc during
the Cold War, today’s liberal democracies are heavily intertwined with
autocracies: one-third of democracies’ imported goods originate in au-
tocracies, democracies trade over $15 billion per day with autocracies,
and autocracies account for 31 percent of global GDP, with 17 percent
contributed by China alone.*

These numbers reflect significant economic dependencies on au-
thoritarian nations that the United States and other open societies have
developed. Further aggregation of critical supply chains by China has
created choke points for which alternate suppliers are not available.
For example, China is a near-monopoly producer of many chemicals,
critical minerals, and metals—many of which are important for semi-
conductor devices and in other tech sectors such as aerospace, phar-
maceuticals, and energy.* These dependencies strengthen China by
exposing democracies to retaliation, in times of war as well as peace—
as experienced by Japan during the 2010 Senkaku boat-collision in-
cident and by Australia in 2020 over a request for an independent
inquiry into the origin of COVID-19.

Ameliorating economic dependence on China will require skillful
navigation. China has undertaken a program to asymmetrically decou-
ple from the Western world, investing billions to achieve autonomy in
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semiconductors and other technologies. China’s asymmetric decoupling
is characterized by increasing Western and US dependency on China while
simultaneously weaning China off economic dependencies on the West.**
To achieve strategic autonomy, then, the United States must simultane-
ously reduce its critical economic dependencies on China while maxi-
mizing resilience in overall global trade. In addition to the value-capture
policies of the previous section—which will reroute global supply chains
to the United States in the long run—the United States must leverage ad-
ditional policies of global trade, investments, economic access, and part-
nerships to strategically and selectively decouple from China on its own
terms. In doing so, it is credible that such decoupling can be done in such
a way as to reduce US critical dependencies on China, while maintaining
some degree of trade (and codependence) with the West.

Incentivizing US Industrial Alignment

Actions of individual corporations can have significant impact on the
competition between liberal democracies and authoritarian states.
Companies benefit from the free-market environment, the rule of law,
and the democratically accountable systems of government embraced
by liberal democracies.* Firms in return comply with law and regu-
lations and pay taxes on profits, but otherwise typically do not view
themselves as being in service to the nation. The policies of democratic
governments, meanwhile, have historically been ambivalent to encour-
aging globalization and offshoring of corporate assets to authoritarian
nations, including to the People’s Republic of China (PRC).

The enmeshing of the PRC and US economies was driven by years
of aggressive PRC policies to attract foreign companies. To gain ac-
cess to its large and lucrative economy, US corporations were more
than willing to comply with China’s policies of transferring intellectual
property, relocating manufacturing, and forming joint ventures with
PRC firms. Accessing the China market has made many US compa-
nies extremely prosperous while simultaneously making inexpensive
technology products available to US consumers. As a result, China’s
economy has grown significantly in importance, further augmenting
the incentives for US corporations to have a presence in China.
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Throughout the 1980s, 1990s, and 2000s, the actions of US corpo-
rations to increase economic integration with China had the blessing of
US policy makers. It was widely believed that Deng Xiaoping’s market
reforms were a harbinger of political reforms that would ultimately
lead to China’s liberalization. Thus, the financial interest of US firms
to enter China’s market aligned with overarching US policy objectives.

Only relatively recently has it become more widely accepted that
free markets do not necessarily lead to free societies. Rising author-
itarianism ushered in by Xi Jinping since 2012 has led to a drastic
contraction of individual liberties, including enslavement of Uyghurs,
suppression of democratic Hong Kong, brutal COVID-19 lockdowns,
crackdowns on the Chinese tech sector, and threatening of Taiwan’s
self-determination. Rather than increase freedom, the West’s fueling
of China’s economy has empowered China to emerge as the greatest
existential threat to open societies around the world.

The rapid realization of the threat posed by China has led to a pol-
icy pivot by the US federal government. Now US priorities are to reduce
economic exposure to the PRC market and halt the flow of US technol-
ogy and industry to China. The rapidity of this policy shift—over the
past six years—has left in its wake a misalignment of US policies with
the financial interests of US companies. After decades of permissive
US policies, it is not surprising that US businesses have built up ex-
treme exposure to and dependency on China, and that China itself has
now become a significant part of global market share. In semiconduc-
tors alone, China buys over 50 percent of the world’s semiconductor

4 and fabs in China now constitute about one-third of

components,
total revenue of US semiconductor equipment manufacturers.” This
exposure will take years to reduce and will require skillful crafting and
handling of policies to move US business activity away from China in a
way that does not cripple US corporations in the process.

Aligning US corporate financial interests with US policy objectives is
paramount. In particular, conditions must be created such that to make
the most money, US corporations will want to build capacity and busi-
ness ties domestically rather than abroad. Policies should move assets
that contribute to value capture (manufacturing) and value creation
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(research) out of China and back to the United States while simulta-
neously increasing market leadership of US companies. Global market
leadership requires that policies enhance penetration of US technologies
into China’s market as well as the rest of the world. To be sure, China will
still attempt to misappropriate and reverse engineer US technology—but
their attempts to do so will be curbed by the fact that this type of activity
is economically inefficient, and in any case should be deterred by active
US trade and appropriability policies, as discussed later in this chapter.*

Today’s US policies seem to be doing the exact opposite: cutting off the
demand side from China via export controls while subsidizing capital-
intensive building of overcapacity on the supply side is a dangerous
policy mix that may overheat the US semiconductor industry and ul-
timately lead to its contraction. In 2022 alone, $1.5 trillion in market
value of US semiconductor firms was wiped off the global markets due
to a combination of slowing sales and tightened US export controls.*
Additional antitrust sentiment by the Federal Trade Commission, the
Department of Justice, and Congress against big US internet and con-
sumer technology hyperscalers—some of which are the largest US con-
sumers of US semiconductors—may further chill the demand for US
semiconductor technologies.

Rather than antagonize US business interests, policy makers and
industry in the United States should work together to incentivize the
alignment of corporate activity with national security goals. Instead of
threatening to break apart US hyperscalers, the US government should
create a partnership with these companies, leveraging their significant
market power to onshore manufacturing. This approach takes advan-
tage of the priority placed on customers by semiconductor firms and
the power large US customers have in shaping their supply chains. This
was exemplified during a 2022 TSMC earnings call where its chair-
man, Mark Liu, stated that plans to build TSMC fabs in the United
States and Japan were driven by demand from customers.* In light of
these considerations, we recommend the following;:

+ Create incentives to align US corporate activity with US national
security. For example, rather than threaten to break up big tech
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companies, the US government should partner with them, lever-
aging their market clout to encourage diversification of their sup-
plier base.

Countering China’s forced requirements for market entry is also an im-
portant measure. The US government should review and, if necessary,
deem illegal the types of investments China demands from US firms, in-
cluding forced joint ventures, financial commitments, and research and
manufacturing commitments in China. US firms to date have evaluated
the known loss of IP and technology to China in the context of near-
term profits from operating in China—that is, whether the upside of
doing business in China in the near term outweighs the significant and
known downsides of forced technology transfer over the long term.
By strictly regulating or making such activity illegal for US companies
to engage in, the US government can prevent US firms from having to
play by coercive rules set by Beijing in order to do business in China.
The objective of such measures should be to ultimately force Beijing to
allow commercial activity (e.g., the sale of US technology products in
China) without requiring accompanied joint ventures, forced IP trans-
fer, and buildup of complementary assets like manufacturing. We rec-
ommend the following:

+ The interagency Committee on Foreign Investment in the United
States (CFIUS) should review and restrict outbound investment—
such as the building of manufacturing centers, research centers,
joint ventures, and financial investment—in China and other au-
thoritarian nations, especially when such outbound investments
are required by those countries for entry into their domestic
markets.

Finally, additional changes to the corporate tax system can be used
to achieve better alignment between the long-term interests of the US
government and the actions of US industry through incentives strong

enough to encourage investment over the long durations needed for
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research and manufacturing activities at the leading edge of technol-
ogy. To that end, we recommend the following:

« US policy makers should differentiate within the R&D tax credit
those companies that are focused on critical and emerging tech-
nologies such as semiconductors versus technologies that lack a
national security purpose. Additionally, US policy makers should
differentiate the capital gains tax to provide better incentives for
truly longer-term investment, for example over five or ten years

versus simply the current single-year qualifier.

Export Controls

In this chapter, we make a countervailing argument to other voices in
this volume: we believe that the use of export controls to restrict access
to US technology should be applied sparingly. Recent use of export
controls has been widely applied by the US government in an attempt
to cut off China’s access to critical technologies. These controls are
often targeted at choke point technologies—that is, those technologies
without which China cannot make progress on achieving specific, ad-
vanced capabilities. Extreme ultraviolet (EUV) lithography is one such
choke point: EUV is needed to commercially fabricate semiconductors
below 7nm at scale.’! Controlling access to EUV has to date success-
fully prevented China from developing the capability to fabricate at
the leading edge. However, there are very few technologies in the same
class of uniqueness and complexity as EUV to justify application of
export controls. Thus, although use of export controls to slow China
has been widely lauded, it does not generally align US business inter-
ests with US policy objectives. And although it may create near-term
strategic advantage for the US, this approach could ultimately weaken
the United States’ economic position over the long term—for three
primary reasons.

First, the use of export controls today will weaken the effectiveness
of any export controls or sanctions needed to counter PRC military
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action in the future. The United States does not have a monopoly on ad-
vanced technologies and savvy engineers. Parallel supply chains will grow
in response to export controls—both within China and with its other
trading partners—to replace technologies that were formerly sourced
primarily from US firms. China’s decoupling in response to US export
controls is well under way: after being placed on the US Department
of Commerce’s Entity List in May of 2019, Huawei rapidly pivoted its
supplier base, introducing a new cell phone with no US components by
December of that year.>

It would be more advantageous for the United States to consider
a strategy that maximizes penetration of US technologies into China’s
market while simultaneously taking measures to prevent the appropri-
ation of that technology by PRC companies (discussed below). This
approach would strengthen the position of the United States to impose
export controls and sanctions as a means of last resort to deter bellig-
erent PRC actions in the future. Some might argue that this future is
now. The near-term strategic advantage from US export controls, how-
ever, is in conflict with long-term projection of US economic power.
In contrast, China has been successful at building US dependency by
penetrating its technology into US consumer, technology, energy, and
defense markets, including for rare earths, batteries, magnets, and
solar panels. The near-termism of export controls may very well ac-
celerate an asymmetric decoupling scenario where China is less depen-
dent on US technologies but the United States still heavily relies on
Chinese exports.

Second, export controls could weaken the market position of US
semiconductor firms and damage the United States’ reputation as a
reliable technology supplier. The size of China’s market, discussed pre-
viously, is applicable here: by cutting off revenue from sales to China,
the US government is curbing cash flow to US companies that is essen-
tial for maintaining competitive advantage in both technology develop-
ment and economies of scale.

The unilateral nature of the current export control laws will also
enable foreign suppliers to capture market share from US firms.
Such capture occurred in the decade following the 1979 Export
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Administration Act: in the wake of export control enforcement, the
market position of US capital equipment suppliers dropped from
90 percent of global market share to only 50 percent by 1980, having
lost 40 percent of the market to Japan-based suppliers.*> The ineffi-
cient administration of export control laws in the United States exac-
erbated this market loss and led to a reputation that US technology
was unreliably accessible and subject to lengthy, arbitrary licensing
decisions.** History will repeat itself—unless countries such as Japan,
South Korea, Taiwan, Singapore, and the Netherlands are willing to
join the United States in locking China out of accessing the entire
global semiconductor ecosystem.

Third, the concept of a choke point technology is ultimately an
artificial one, bounded temporally by the evolving sophistication of a
country’s scientists, engineers, equipment, and technology ecosystem.
This point is not to say that replication of existing complex technolo-
gies is easy—it is a prodigious task and exceedingly inefficient from an
economic perspective. More than any other country, however, China
has advantages that make it plausible that they will, eventually, be able
to re-create technologies denied to them under export controls. One
advantage is that re-creating existing technologies—no matter how
complex—is easier than pioneering new capabilities. China has also
benefited from tremendous technology transfer from the West and will
continue to learn from Western technology, illegally if necessary. China
is well known for cyber theft of intellectual property, reverse engineer-
ing hardware, and hiring Taiwan and Western talent. Finally, China is
willing to stomach the heavy financial cost needed to gain technology
independence—and with the imposition of export controls, China has
ample motivation to do so.%

The use of export controls to restrict access to US technology
should therefore only be applied as a last resort to impose political
will. Economic analysis should be conducted to determine the long-
term impact of export controls on a US technology sector before export
controls are applied. In particular, if a technology is deemed to be easy
to copy, it should #not be controlled lest the targeted nation simply
appropriate or otherwise rapidly indigenize the controlled technology,
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to the detriment of US industry’s market share. In sum, we recommend
the following:

+ Use export controls sparingly. Rather, undertake policies rec-
ommended in this chapter that promote maximal penetration
of US technologies into the global market and promote a strong
appropriability regime to protect theft of those technologies. If
export controls are used, apply them only to the most sensitive
and difficult-to-appropriate technologies that directly pertain to
security use.

Foreign Investment

As the scenario analysis in chapter 1 illustrated, the United States bene-
fits from being a part of the larger global economy no matter what form
global trade flows take in the future. Foreign direct investment (FDI) aug-
ments US economic activity through both greenfield investments—such
as building facilities and operations from the ground up—and mergers
and acquisitions (M&A). Through FDI, foreign companies contribute
to creating domestic jobs, upskilling the labor force, funding R&D,
and growing domestic industries and services sectors. Approximately
7.9 million Americans are employed by foreign companies that had
invested $5 trillion cumulatively by the end of 2021—$405 billion of
which was invested in 2021 alone.®

FDI in the form of greenfield investments has the potential addi-
tional benefit of increasing the resiliency of the global economy by on-
shoring critical nodes of the supply chain. A recent example is TSMC’s
construction of its Snm Fab 21 in Arizona. This facility’s projected
capacity is comparatively small, at a planned twenty thousand wafer
starts per month.’” Its presence in North America, however, diversi-
fies geographic access to leading-edge logic fabrication for the global
economy. Such diversification is especially important given that, today,
92 percent of leading-edge (sub-10nm) capacity is located in Taiwan.’®
TSMC’s FDI represents the surest near-term approach to advancing US
domestic manufacturing capacity at the leading edge.
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The United States should also collaborate with Taiwan’s other semi-
conductor firms, such as United Microelectronics Corporation (UMC),
Advanced Semiconductor Engineering (ASE Group), and MediaTek,
to diversify their geographic holdings of fabrication and research facil-
ities. This partnership starts, however, with providing a commercially
attractive environment for investment in terms of capital efficiency and
regulatory expediency. Today the opposite is more likely to be true.
TSMC recently confirmed that “a range of construction costs and proj-
ect uncertainty in Phoenix makes building the same advanced-logic
wafer fab in Taiwan considerably less capital intensive.” Some of those
factors include “federal regulatory requirements that increase project
scope and cost; . . . additional site prep and new infrastructure expense;
and . .. state and local taxes on construction, facility, and utility use.”%®
Unless these cost factors change, the United States will remain uncom-
petitive for FDI even as semiconductor firms may look to diversify their
geographic holdings globally.

Attracting greenfield FDI from partner countries should, then, be a
priority, especially for advanced technological and manufacturing ca-
pabilities that the US is lacking domestically.®® And the many policies
recommended elsewhere in this chapter also serve to attract greenfield
FDI, including minimizing tax burdens for capital expenditures, imple-
menting targeted fiscal incentives, improving domestic infrastructure,
promoting skilled workforce development, and improving the regula-
tory environment. We recommend the following:

+ Policy measures to enhance the fiscal environment, improve in-
frastructure, augment workforce development, and streamline
the regulatory environment should be pursued to enhance green-
field foreign direct investment into the United States from partner
countries. This is particularly necessary for attracting FDI from
global semiconductor firms.

Through the Obama and Trump administrations, concerns grew
about the security implications of FDI in the form of investments into
and M&A of US companies. China in particular has invested in US
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companies to gain control of company boards, and has even outright
acquired US companies to obtain a foothold in a new technology or
to deepen strength and control of a strategic technology.®! To counter
these efforts, in 2018 Congress passed the Foreign Investment Risk
Review Modernization Act (FIRRMA), which strengthens the process
by which the interagency CFIUS process reviews FDI.¢? Although this
legislation has led to a decrease in requests from China-based acquir-
ers, its overall effectiveness in protecting US interests is, as yet, to be
determined.®

Ultimately, the CFIUS review process has the difficult task of pro-
tecting US national security interests while simultaneously enabling
the traditionally open US investment climate that leads to business
opportunity for US companies and their employees. CFIUS’ denial
of foreign investment into US technology startups limits the capital
available for those companies to scale and perhaps achieve successful
exits in the form of acquisitions. Moreover, the CFIUS review process is
opaque, leading to uncertainty when foreign companies from friendly
jurisdictions—for example, Taiwan—seek to acquire a US company as
part of broader US investment activity. Providing more transparency,
increasing negotiation opportunities, and providing more certainty for
foreign investors from partner nations would enhance the ability of US
technology startups to attract the capital necessary to scale their inno-
vations. We thus recommend the following:

+ CFIUS inbound investment review should be a more transparent
process with active engagement and negotiation with prospec-
tive foreign investors from partner nations. FDI into the United
States from partner countries should be encouraged, whereas for-
eign investment from authoritarian countries that pose a national

security risk should be strictly limited.

Armaments and Defense Acquisitions

All modern weapons systems contain semiconductor devices. Many de-
fense programs of record develop complex and expensive platforms with
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long service lifetimes. While these platforms are often essential for mod-
ern warfighting capability, the Department of Defense (DoD) should
complement them by acquiring large numbers of new classes of small,
modular, inexpensive, and expendable systems that can be quickly and
cheaply produced. Autonomous to semiautonomous drones for aerial
or maritime operation or soldier-launched, sensor-equipped missiles are
examples of modular, inexpensive systems that can be produced in large
numbers. The acquisition and service lifetime of such systems would
better match the rapid innovation cycles of the commercial semicon-
ductor and consumer technology industries, allowing the DoD to ben-
efit from economies of scale and cutting-edge innovation elsewhere in
the economy.

The near-term focus should be to rapidly ramp up weapons pro-
duction, especially in the wake of recent stockpile depletion needed to
supply Ukraine’s war effort—because currently, US arms makers are
languishing.®* Ukraine’s war effort against Russia has further demon-
strated the importance of semiconductor-enabled technologies to ad-
vanced warfighting capabilities and the effectiveness of adopting a
strategy of deploying a large number of small, inexpensive weapons
and precision guidance missiles. Ukrainian forces have depended on
Switchblade drones, Stinger antiaircraft missiles, NLAWSs (next-gener-
ation light anti-tank weapons), and Javelin missiles to fight Russia’s
forces. Each of these weapon systems contains a plethora of semi-
conductors.®® Meanwhile, Russia has reportedly been struggling to
equip its forces: without a domestic semiconductor manufacturing
capability, Russia has been unable to gain access to semiconductors
needed to replenish its precision-guided munitions due to export bans
imposed by the United States and its partners.®

The lesson for the United States in the context of Taiwan is to take
advantage of today’s supply of semiconductors. Not only should the
United States stockpile its own arsenal, Taiwan should also be equipped
to defend itself with advanced capabilities today, in the manner that
Ukraine has been only after invasion. Arming Taiwan with advanced,
semiconductor-powered weaponry would be a true “silicon shield” for
the Taiwanese people (in contrast to how the silicon shield is often
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described: the mere presence of the semiconductor industry in Taiwan,
which will neither deter an invasion by Party General Secretary Xi
Jinping nor be the decisive factor in a US defensive posture). Many in
both the United States and Taiwan advocate for a “porcupine” strat-
egy, which takes advantage of advanced, semiconductor-enabled weap-
ons.®” Crucially, given US supplier backlogs, doing so should include
partnering with Taiwan’s defense, electronics, and semiconductor firms
to scale up advanced weapons coproduction, weapons codevelopment,
and weapons deployment within Taiwan, as discussed in chapter 5. We

recommend the following:

+ Create a real “silicon shield” for Taiwan by partnering with its
firms to scale up advanced weapons deployment, coproduction,
and codevelopment on the island to make an invasion of Taiwan
as costly as possible to potential aggressors. Partner with TSMC
and Taiwan’s significant semiconductor industry to supply state-
of-the-art semiconductor devices for these new defense systems.

3. Policies to Amplify Value Creation

Value creation is the discovery of new scientific principles and the
invention of new technologies that lay the foundation for future in-
dustries and enhanced human welfare. Policies to enhance value cre-
ation in semiconductors include increasing R&D funding in basic and
applied sciences, building and maintaining R&D infrastructure, and
educating the next generation of pioneering scientists and technolo-
gists. To improve return on investment to the taxpayer, this should
be strongly coupled to the advanced-process and fabrication-oriented

value-capture activities described above.

R&D Funding
Federal R&D funding as a percentage of GDP in the United States

has been declining for several decades. The US government spent
only 0.62 percent of GDP in 2017 on R&D (down from a peak of
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1.86 percent of GDP in 1964), even as absolute federal funding has
increased.®® This diminution of the federal budget’s R&D intensity has
long been a point of concern, due to the recognition of the fundamen-
tal role that curiosity-driven R&D in basic and applied sciences has in
value creation and future GDP growth.

In the context of the twenty-first-century great-power competition
with China, the emphasis on funding value-generating R&D has never
been more important. Yet the federal budget—of which more than
73 percent goes to various kinds of social insurance—does not reflect
the importance of such a vitally important GDP-growing activity.®
This neglect will ultimately lead to an economic and geostrategic death
spiral: an ever-increasing portion of GDP allocated to social services,
with ever-decreasing funding allocated toward value creation, will lead
to economic stagnation and the demise of the innovation engine that
has brought such vast prosperity to so many Americans. As one study
put it, the US federal budget “is not the investment strategy of a fo-
cused superpower . . . competitor.””® We recommend the following:

+ The US Congress should increase and sustain federal R&D funding
in basic and applied research, spanning established fields (e.g., con-
ventional semiconductors) as well as frontier fields, such as beyond-
CMOS (complementary metal-oxide semiconductor) devices that
could someday complement today’s predominant logic chips.

R&D Infrastructure

Increased funding for R&D in semiconductor devices is necessary but
not sufficient for US value creation. Pure R&D programs will enable
the US research community to explore trends in future computing, in-
cluding the use of emerging devices that exploit physical phenomena
such as spin, ferroelectricity, ferromagnetism, and phase transforma-
tions, as well as new materials such as oxides, nitrides, carbon, and
chalcogenides for semiconductor transistor channels. Without ac-
cess to fabrication facilities capable of integrating these emerging de-
vices and materials with advanced CMOS architectures, however, US



170 Edlyn V. Levine and Don Rosenberg

innovations will either fail to transition to commercial settings or be
sent to offshore facilities for testing and scaling.

Today, the United States has no such facilities for exploratory
research at foundry-relevant dimensions and scales. Previous US
government—funded facilities have proven their importance, for ex-
ample, in the Metal Oxide Semiconductor Implementation Service
(MOSIS) program in the 1980s and the National Science Foundation’s
National Nanotechnology Coordinated Infrastructure (NNCI) in
20135, but they cannot address today’s research needs in advanced and
exploratory semiconductor technology.”

A national facility (or network of facilities) whose construction
and operation are supported by the federal government is a key in-
gredient for US value creation and ultimately value capture.”?> Such
facilities encompass capabilities at leading-edge fabrication, legacy
nodes, and packaging capabilities, with the mission of enabling rapid,
high-throughput experimentation. The construction of such facilities
should be colocated with industry in technology hubs, and should lever-
age established infrastructure and methods, such as the use of a 300mm
(i.e., modern commercial-scale wafer size) research pilot line, as well
as advances that will drastically reduce cost and increase experimental
learning cycles. Possible advances include simulating digital twins of
process flows to create virtual environments for experimentation that
are coupled to experimental facilities; using machine learning to iden-
tify novel experiments and process flows; and developing advanced,
customizable tool sets with a wide range of operating conditions.”

This chapter has already recommended the use of CHIPS Act subsidy
funds to build such infrastructure to enhance value capture. Even so, fur-
ther R&D funding should be allocated to the building and operating of
commonly available semiconductor research infrastructure—and not just
specific research programs themselves—to ensure that the United States

has indigenous research capabilities. We recommend the following:

+ Allocate a portion of R&D budgets to the building and operat-
ing of new capabilities and research infrastructure rather than
research programs alone.
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Education

Training the next generations of scientists, engineers, and technicians
will be vital to the United States’ continued capacity to create value
through new inventions.

Education in the quantitative sciences must start early. All too
often, the US public education system fails to adequately prepare stu-
dents in the K-12 system to be sufficiently competent in sciences and
mathematics to seriously entertain pursuing careers in those fields at
the collegiate level and beyond. Rectification of the dire state of sci-
entific illiteracy and unpreparedness in the K-12 system should not be
the responsibility of universities. Rather, solutions should be found to
reform the US public education system and expose students in K-12
schools to high-tech industries that will drive the future economy and
national security. Specific reforms are beyond the scope of this chapter,
but acknowledging the importance of adequately preparing the next
generation is not. We recommend the following:

» Enhance exposure to high-tech industries, including for semi-
conductors, in K-12 education and reform K-12 education to
ensure students have sufficient training in mathematics and sci-
ences to compete with global peers upon entry into universi-
ties or trade schools. For those pursuing collegiate degrees in
semiconductor-relevant fields, increase the number of pathways
to jobs as well as the industry’s demand-side pull, for example, a
semiconductor-focused version of the DoD SMART Scholarship
program—which requires recipients upon graduation to work for
a set number of years for the scholarship funder, and for whom a
job is already in place upon graduation—financed in partnership
with industry.

4. Policies to Strengthen the Global Appropriability Regime

Value capture is enhanced under a strong appropriability regime,
defined as the efficacy by which knowledge and innovations can be
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protected from imitators.”* The strength of appropriability is a func-
tion of the effectiveness of legal protections and the nature of the inno-
vation (tacit or codified; easy or difficult to replicate). Today’s global
appropriability regime is weak, largely due to the unenforceable nature
of legal protections for technology and innovation in the global setting.
Transfer of US technologies to companies in other countries by both
legal (but coercive) and illicit means has been rampant over the past
few decades. China in particular has implemented an array of practices
and policies that have resulted in a systematic transfer of US intellec-
tual property to China. Beijing’s support of IP theft by means of intru-
sions into US commercial networks is also well documented.

US innovation and value creation should not ultimately fuel China’s
economic growth and military-industrial complex. And vyet, transi-
tioning technologies to China (e.g., for production) is the paradigm
under which US innovators operate today. Many US companies do
not raise the issue of unfair trade practices for fear of retaliation and
loss of business opportunities.” High-profile examples of technologies
invented in the United States that are now produced by PRC firms
include batteries, telecom equipment, photovoltaics, and, increasingly,
semiconductors. China has repeatedly violated bilateral and multilat-
eral trade agreements, and disputes brought by the United States and
other countries via formal trade-resolution mechanisms have been slow
and ineffectual.

Countering China’s systematic theft of US technology and estab-
lishing a strong global appropriability regime is an imperative to en-
sure future technology leadership and strategic autonomy. The United
States must also ensure that it does not continue to erode its domestic
IP-rights strengths that incentivize innovators to undertake the risk and
years of hard work needed to pioneer technologies.

Trade

The United States has increasingly taken unilateral action to counter
technology theft by China. More often than not, unilateral action
takes the form of restrictive measures, including export controls, the
Department of Commerce’s Entity List that restricts business with
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specific foreign firms, stricter CFIUS oversight of acquisitions, and ex-
panded application of the International Emergency Economic Powers
Act (IEEPA). For example, the Biden administration adopted sweeping
export control measures to curb semiconductor technology and capa-
bility transfer to China.”®

Ultimately, rectifying global trade will require bold action and
determined leadership on the part of the United States. World Trade
Organization (WTO) principles embrace free trade and disallow trade
barriers that discriminate against countries of origin. The United States
has no recourse to halt unfair PRC technology transfer practices under
this system. The United States, therefore, must take action to build
significant leverage over China, including a unified front of global part-
ners, to force Beijing to change its behavior. Rather than act respon-
sively and tactically, the United States should comprehensively reform
global trade rules to respect and enforce strong appropriability, the
rule of law, and other economic norms.

Once a clear objective for global trade is defined, the United States
should act strategically, proactively, and persistently to reshape the in-
ternational trading system as a whole, ensuring strong coordination
with partner nations. We recommend the following:

+ This and subsequent administrations should build a coalition
of partners who share the US vision for a reformed global trade
agenda; this coalition should then strategically shape interna-
tional trade and counter China’s market-distorting actions. As
discussed in chapter 5, the United States should start by focus-
ing on signing trade deals with partners—including Taiwan—to

establish stronger trade relationships.

The United States has never put requirements on foreign firms for
access to the US economy, yet this is routine practice in China: if a for-
eign company wants to sell a product in China, some fraction of that
product must be manufactured in China, joint ventures must be estab-
lished with China-based companies (often state-owned), and IP is forci-
bly transferred. The use of reciprocal policies by the United States would
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be counter to the free-market principles adopted after World War II, and
serious economic analysis is necessary to evaluate what, if any, qual-
ifications on access to the US economy should be enforced to protect
US interests and to encourage foreign and domestic investment in the
United States and like-minded partners. In the wake of recent PRC ac-
tions, however, there are several reasons to consider such policies.

The first concern is the predatory behavior of China to capture
technology industries. For example, PRC government subsidies, its
protected domestic market, and state-directed access to capital have di-
rectly contributed to China’s domination of the photovoltaic industry.
These policies allowed China’s emerging photovoltaics manufacturers
to sustain tremendous losses while contributing to a global supply glut
and dumping product into export markets, crushing global competi-
tion. China’s global share of photovoltaic cell production grew from
14 percent to 60 percent between 2006 and 2013 alone.”” Sanctions
imposed by the United States in response proved to be too late and rife
with loopholes that rendered them useless.

The second concern is the national security implications of certain
PRC products sold in the United States or in partner markets. This
concern has led to banning Huawei and ZTE equipment in the United
States and other countries. For example, the Secure Equipment Act,
signed into law in November 2021, prohibited Huawei, ZTE, and any
other company considered a national security threat from obtaining
licenses for network equipment in the United States.”® Even so, China is
still allowed to export its illiberal vision to the rest of the world in the
form of other products. National security experts and policy makers,
for example, have raised concern over millions of US teenagers freely
providing data to China-based social media platform TikTok.” The
United States’ ability to address these concerns can be described as

muddled at best.

Tacit Knowledge

Although forced IP transfer and theft are of great concern, it is often
the tacit knowledge of highly skilled scientists and engineers that is key
to technology progress. The United States and other Western countries
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have trained Chinese students in STEM fields for decades. Originally,
China was concerned that systematic brain drain would occur as the
most talented Chinese youth would be lost to foreign countries.®® But
the lack of concerted effort by the United States to retain Chinese and
other international students has quelled this fear.

The presence of foreign students from competitor nations studying
critical technologies in US universities—or foreign nationals from com-
petitor nations working for US critical-technology companies—is now
viewed by some as a national security risk.®! But crude steps (such as
a ban on student visas for Chinese scholars and work visas for highly
skilled Chinese scientists and engineers) will cut off the United States
from a massive talent pool. Instead, the United States should consider
how to accommodate those Chinese students and workers it accepts
within its universities and companies, and give opportunities to those
who wish to escape an increasingly authoritarian and illiberal regime
under General Secretary Xi—as happened with scientists fleeing the
Soviet Union.** We recommend the following:

+ An evidence-based process should be adopted to screen for those
with demonstrable ties to PRC military, security, or influence or-
ganizations. Otherwise, individuals permitted entry for studies or
work should be allowed—and encouraged—to permanently relo-
cate to the United States. Doing so will enable the United States to
continue to be the greatest attractor of global and Chinese talent
and fulfill Beijing’s fears of brain drain to the West.

Meanwhile, China has established its Thousand Talents program
to provide strong incentives to attract talented foreign nationals to its
shores,® and it has aggressively recruited from international technol-
ogy companies such as TSMC despite such recruitment being in viola-
tion of Taiwan’s laws.** The tacit knowledge of US experts and leading
researchers is of high value and is leveraged by Beijing and PRC firms
for technology transfer—from high-profile cases of faculty members
at leading US universities participating in the Thousand Talents pro-
gram® to US corporations collaborating with universities in China that
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are closely tied to China’s defense industrial base.’¢ In consideration,
we recommend the following:

+ The United States should control the flow of tacit information to
China by requiring a broader set of US citizens involved in critical
technologies and sectors to obtain outbound visitation or train-
ing before travel to China. A similar measure was recently imple-
mented in the new export controls implemented by the Bureau of
Industry and Security: they require US citizens to obtain a license
“to support the development, or production, of [integrated circuits]
at certain PRC-located semiconductor fabrication facilities.”?”

Incentivizing US Innovators

A strong global appropriability regime will not be meaningful to US
innovators if domestic intellectual property rights are eroded. The
US government must therefore also ensure healthy and competitive do-
mestic IP policies that incentivize US innovators to undertake the risky,
difficult, and time-consuming work needed to invent new technologies.

The United States has been on a steady path for the past two de-
cades to limit and devalue patents, progressively weakening US IP
policies in almost all areas. Among the notable changes are limiting
the availability of injunctive relief for infringement of IP rights, par-
ticularly by entities that are involved in licensing, not manufacturing;
weakening IP rights in software-enabled inventions; and weakening the
role of the US federal courts in patent cases through more extensive
reviews of their decisions.

The Supreme Court decision in eBay Inc. v. MercExchange, L.L.C.
and subsequent related rulings have all but eviscerated the founda-
tional core of a patent right: the right to exclude. That line of cases now
makes it almost impossible for a patent owner to enjoin the continued
infringement of a patent by a proven infringer. These judicial rulings
have encouraged what has been coined “efficient infringement” by
companies that bet on the expense, disruption, resource drain, and un-
certainty of outcome inherent in patent litigation and take the chance
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that if and when they are called to task, they will have to pay only the
royalty that the noninfringers were willing to pay from the start.

The scope of patentable subject matter in the United States has also
been limited to exclude abstract ideas by cases such as Alice Corp.
v. CLS Bank International. This narrowing has made important in-
ventions that previously would have been protected from theft or ap-
propriation freely available. This limitation is in stark contrast to the
situation in China, which issues patents for inventions that are far less
novel and significant. China’s approach to determine patent eligibil-
ity is much more pragmatic than the US approach: rather than test
for abstractness (a vague concept), China’s patent authority, the China
National Intellectual Property Administration (CNIPA), encourages
examiners to review a proposed invention as a whole and to focus on
the technical solution. The result is a more favorable patent environ-
ment in China than in the United States: a recent study showed “more
than 12,000 cases that had been granted in China and Europe but de-
nied in the United States on statutory subject-matter grounds.”#

Further erosion of IP protection in the United States has taken
many forms. Antitrust law in the United States has been employed to
preempt the legitimate statutory power granted to patents by treating
them as monopolies, rather than as constitutionally mandated limited
rights to exclude. The courts have further diminished patent rights
by finding them exhausted by the sale of a product that embodies it,
thereby restricting the patent owner’s freedom to choose the means
of recovering the expense of investment. Congress has spent years fo-
cusing on concerns about so-called patent litigation abuse, eventually
passing amendments that favored infringers over inventors and placing
even higher burdens on efforts to enforce patent rights. Of particular
concern has been the trend to try to diminish the value and rights asso-
ciated with standard essential patents, risking technological leadership
in mobile communications and ceding control of standards to China.
Congress also created a new patent review board that allows anyone
to challenge a patent that is already issued, thereby prolonging the pat-
ent owner’s effort to stop infringement. This body has overwhelmingly
invalidated patents even when a district court has found them valid.
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The weakening of US support for IP has only accelerated during the
Biden administration, which supported waiving obligations under the
WTO’s Trade-Related Aspects of Intellectual Property Rights (TRIPS)
during the COVID-19 pandemic, over the objection of our trading
partners. This has sent a strong signal that US support for strong
IP protections is on the decline.

Trade secret protection has also been diminished in the United
States as an effective tool against misappropriation. This diminishing is
of particular concern to companies that rely on trade secrets to protect
against access to and use of their innovations. Semiconductor devel-
opment and manufacturing is a prime example. The know-how and
years of experience required to succeed in such a complex and capital-
intensive field is not something one can describe in a patent applica-
tion; this type of intellectual property is most appropriately treated as
a trade secret. Yet, the law in the United States now favors very limited
protection of trade secrets and largely prohibits such things as non-
compete provisions previously employed to prevent employees from
jumping ship and taking trade secrets to a competitor.

All of these changes and more have contributed to an attendant per-
ception of instability and have had the effect of discouraging traditional
investors from promoting new technology development—thereby sti-
fling innovation in the United States. Many valuable innovations are
simply no longer patentable in the United States but are patentable
elsewhere in the world, including in China.®’

Meanwhile, China has recognized that strengthening its patent sys-
tem and the ability of its courts to enforce patent rights is essential to
encouraging domestic innovation. Since 2000 alone, Beijing has also
undergone massive reforms of its IP system, including four major revi-
sions to its patent law and two major revisions to its trade secret law, as
well as significant revisions to its technology transfer laws and contract
laws. In contrast to the United States, PRC courts provide injunctive
relief in nearly 100 percent of all successful cases; China has strength-
ened protections of software-enabled inventions, as well as in other
fields; and China has established four national appellate IP courts and
one national IP court of final instance. PRC companies are now among
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the top ten patent filers globally. China’s patent office, CNIPA, has
hired tens of thousands of examiners and has expedited time-to-grant
for patent applications. Specialized IP courts in China provide rapid
rulings and readily issue injunctions. In fact, US companies often now
sue in PRC courts when they have a choice of jurisdictions in order to
obtain the injunctive relief no longer available in the United States.
There is no lack of irony in the fact that IP rights have been weak-
ened in the United States while being strengthened in China over the
last two decades. The erosion of IP rights in the United States has con-
tributed to the rise of economic and technological power in China and
will continue to vitiate US capacity to develop new technologies. To
reclaim leadership in technology innovation, the United States must
embrace laws and policies that incentivize innovators by valuing and
protecting IP rights, ultimately creating a more integrated and strategi-
cally focused approach to IP that better promotes US strategic interests.

To that end, we recommend the following:

+ The US IP regime should be modernized and made more efficient,
competitive, and stable. This will require (a) clarifying and stabi-
lizing patent eligibility criteria, to promote a range of high-tech
industries and ensure that the United States is not placed at a
competitive disadvantage; (b) making injunctive relief readily
available in IP infringement cases of all types; (c) creating a team
within the US Patent and Trademark Office to address the re-
lationship between intellectual property and strategic competi-
tiveness; (d) appointing US IP officials in a timely manner; and
(e) ensuring that countries with which the United States forms
deeper relationships through trade and “friend-shoring” have ro-
bust IP regimes, to avoid a repetition of the types of problems
that US companies have faced in protecting IP in China.

Achieving Strategic Autonomy

Around the time of the founding of the United States, Alexander
Hamilton stated that “it is impossible to foresee or define the extent
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and variety of national exigencies.”” The United States is now facing
an unprecedented challenge from a rising China that seeks to reshape
the world order in its favor. China’s vigorous pursuit of science and
engineering—including a preeminent and self-sufficient semiconduc-
tor industry—exemplifies the tenet that technological superiority is
the means of shifting the global balance of power. If the United States
desires to ensure the continued liberty and prosperity of its people, it
must continue to lead. To continue to lead globally, it must outcompete
China, and thus it must augment its ability to predict the future—or,
more precisely, to invent it and to own it.

In his book On China, Henry Kissinger presents an analogy to the
differences between Western and Chinese strategic doctrine by com-
parison to the games of chess and weigi (Go). Whereas chess values
total victory, weiqi seeks to patiently accumulate strategic advantage.
He writes:

The players take turns placing stones at any point on the board,
building up positions of strength while working to encircle and
capture the opponent’s stones. Multiple contests take place simul-
taneously in different regions of the board. The balance of forces
shifts incrementally with each move as the players implement
strategic plans and react to each other’s initiatives. At the end of
a well-played game, the board is filled by partially interlocking
areas of strength. The margin of advantage is often slim and to
the untrained eye, the identity of the winner is not always imme-

diately obvious.”

Our future will be characterized by the evolving and interlocking
strengths of the United States and China. Achieving strategic autonomy
over the long term will require the United States and its partners to
patiently accumulate relative advantage over China—in the manner of
a weiqi player, rather than seeking decisive victory in the manner of a
chess player. This is possible through the persistent application of poli-
cies consistent with the growth of the US economy, technology develop-

ment, and enhancement of national security. The policies recommended
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in this chapter—spanning value capture, strengthening economic se-

curity, enhancing value creation, and strengthening appropriability—

represent a set of moves all aligned with the objective of building the US

position of strength well into future decades.

NOTES

1.

10.
11.

Rowan Moore Gerety, “Unmade in America,” MIT Technology Review,
August 14, 2020.

. Companies like Taiwan’s Foxconn and TSMC demonstrate how manufactur-

ing can be a key factor in driving innovations in design and manufacturing at
scale. Foxconn has been ranked one of the fifty most innovative companies in the
world, with a patent portfolio covering a wide range of technologies. TSMC has
been granted over twenty-five thousand US patents, and it has a 98 percent patent
grant rate for its applications by the US Patent and Trademark Office (USPTO).
See TSMC, “Comment Regarding USPTO Request for Comments on Discretion
to Institute Trials before the Patent Trial and Appeal Board, Docket No. PTO-C-
2020-0055,” US Patent and Trademark Office Comment, December 3, 2020.

. Semiconductor Industry Association, 2021 State of the Industry Report,

September 2021.

. Juan Alcacer and Kerry Herman, “Intel: Strategic Decisions in Locating a New

Assembly and Test Plant (A),” Harvard Business School Case Study 713-406,
September 2012 (revised December 2013).

. Vaclav Smil, Made in the USA: The Rise and Retreat of American Manufacturing

(Cambridge, MA: MIT Press, 2013).

. David J. Teece, “Profiting from Technological Innovation: Implications for

Integration, Collaboration, Licensing and Public Policy,” Research Policy 15,
no. 6 (1986): 285-305.

. Andy Grove, “How to Make an American Job before It’s Too Late,” Research

Gate, January 2010.

. PIE Commission, Report of the MIT Taskforce on Innovation and Production

(Cambridge, MA: MIT Press, 2013).

. Erica York, Alex Muresiano, and Alex Durante, “Taxes, Tariffs, and Industrial

2

Policy: How the US Tax Code Fails Manufacturing,
March 17, 2022.
Alcacer and Herman, “Intel: Strategic Decisions.”

Tax Foundation,

Antonio Varas, Raj Varadarajan, Jimmy Goodrich, and Falan Yinug,
Government Incentives and US Competitiveness in Semiconductor Manu-
facturing (Boston, MA: Boston Consulting Group and Semiconductor Industry
Association, September 2020).


https://www.technologyreview.com/2020/08/14/1006428/unmade-in-america
https://www.uspto.gov/sites/default/files/documents/1232020TaiwanSemiconductorManufacturingCompanyLtd.pdf
https://www.uspto.gov/sites/default/files/documents/1232020TaiwanSemiconductorManufacturingCompanyLtd.pdf
https://www.uspto.gov/sites/default/files/documents/1232020TaiwanSemiconductorManufacturingCompanyLtd.pdf
https://www.semiconductors.org/wp-content/uploads/2021/09/2021-SIA-State-of-the-Industry-Report.pdf
http://store.hbr.org/product/intel-strategic-decisions-in-locating-a-new-assembly-and-test-plant-a/713406
http://store.hbr.org/product/intel-strategic-decisions-in-locating-a-new-assembly-and-test-plant-a/713406
https://doi.org/10.1016/0048-7333(86)90027-2
https://doi.org/10.1016/0048-7333(86)90027-2
https://www.researchgate.net/publication/265260562_How_to_Make_an_American_Job_Before_It's_Too_Late_Andy_Grove/citations
https://web.mit.edu/pie/news/PIE_Preview.pdf
https://taxfoundation.org/us-manufacturing-tax-industrial-policy/
https://taxfoundation.org/us-manufacturing-tax-industrial-policy/
http://store.hbr.org/product/intel-strategic-decisions-in-locating-a-new-assembly-and-test-plant-a/713406
https://www.semiconductors.org/wp-content/uploads/2020/09/Government-Incentives-and-US-Competitiveness-in-Semiconductor-Manufacturing-Sep-2020.pdf
https://www.semiconductors.org/wp-content/uploads/2020/09/Government-Incentives-and-US-Competitiveness-in-Semiconductor-Manufacturing-Sep-2020.pdf

182 Edlyn V. Levine and Don Rosenberg

12. Semiconductor Industry Association, 2021 State of the US Semiconductor
Industry, September 2021.

13. US Government Accountability Office, Tax Policy: The Research Tax Credit’s
Design and Administration Can Be Improved, GAO-10-136 (Washington,
DC: November 2009).

14. OECD, Science, Technology and Innovation Outlook 2021: Times of Crisis
and Opportunity (Paris: OECD Publishing, 2021).

15. Curtis P. Carlson, “The Corporate Alternative Minimum Tax Aggregate
Historical Trends,” US Department of the Treasury Office of Tax Analysis,
Working Paper no. 93 (Washington, DC: 2009).

16. Alex Durante and William McBride, “Reminder that Corporate Taxes Are
the Most Economically Damaging Way to Raise Revenue,” Tax Foundation,
August 4, 2022.

17. President’s Council of Advisors on Science and Technology (PCAST), Report
to the President: Ensuring Long-Term US Leadership in Semiconductors,
Executive Office of the President, January 2017.

18. John VerWey, “No Permits, No Fabs: The Importance of Regulatory Reform
for Semiconductor Manufacturing,” Center for Security and Emerging
Technology, October 2021.

19. “Public Comment 12: Jing He Science Corporation,” submitted to the Bureau
of Industry and Security, April 2, 2021.

20. In response to an analyst’s question, CFO Wendell Huang noted, “We’re not
able to share with you a specific cost gap number between Taiwan and [the]
US, but we can share with you that the major reason for the cost gap is the
construction cost of building and facilities, which can be four to five times
greater for [a] US fab versus a fab in Taiwan. The high cost of construction
includes labor cost, cost of permits, cost of occupational safety and health
regulations, inflationary costs in recent years, and people and learning curve
costs. Therefore, the initial costs of overseas fabs are higher than our fabs in
Taiwan.” Note that this does not represent overall cost differences, as most
of a fab’s capital cost is in equipment, not the building itself. See TSMC,
“Q4 2022 Taiwan Semiconductor Manufacturing Co Ltd Earnings Call,”
January 12, 2023.

21. US Department of Commerce, Bureau of Industry and Security, “Risks in
the Semiconductor Manufacturing and Advanced Packaging Supply Chain,”
Federal Register 86, no. 48, 14308-14309, March 15, 2021.

22. Semiconductor Industry Association, “Comments of the Semiconductor
Industry Association (SIA) on Regulation of Persistent, Bioaccumulative, and
Toxic Chemicals Under TSCA Section 6(h); Phenol, Isopropylated Phosphate
(3:1); Further Compliance Date Extension,” December 21, 2021.

23. Marc Humphries, “Critical Minerals and US Public Policy,” Congressional
Research Service, June 28, 2019.


https://www.semiconductors.org/wp-content/uploads/2021/09/2021-SIA-State-of-the-Industry-Report.pdf
https://www.semiconductors.org/wp-content/uploads/2021/09/2021-SIA-State-of-the-Industry-Report.pdf
https://www.gao.gov/assets/gao-10-136.pdf
https://www.gao.gov/assets/gao-10-136.pdf
https://espas.secure.europarl.europa.eu/orbis/sites/default/files/generated/document/en/75f79015-en.pdf
https://espas.secure.europarl.europa.eu/orbis/sites/default/files/generated/document/en/75f79015-en.pdf
https://home.treasury.gov/system/files/131/WP-93.pdf
https://home.treasury.gov/system/files/131/WP-93.pdf
https://taxfoundation.org/inflation-reduction-act-corporate-taxes
https://taxfoundation.org/inflation-reduction-act-corporate-taxes
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_ensuring_long-term_us_leadership_in_semiconductors.pdf
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_ensuring_long-term_us_leadership_in_semiconductors.pdf
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_ensuring_long-term_us_leadership_in_semiconductors.pdf
https://doi.org/10.51593/20210053
https://doi.org/10.51593/20210053
https://investor.tsmc.com/english/encrypt/files/encrypt_file/reports/2023-01/84f1ef6f66c6c90b05d2e581066a01a8f1c4f410/TSMC%204Q22%20Transcript.pdf
https://www.govinfo.gov/content/pkg/FR-2021-03-15/pdf/2021-05353.pdf
https://www.govinfo.gov/content/pkg/FR-2021-03-15/pdf/2021-05353.pdf
https://www.semiconductors.org/wp-content/uploads/2022/01/PIP-comments-12.21.2021.pdf
https://www.semiconductors.org/wp-content/uploads/2022/01/PIP-comments-12.21.2021.pdf
https://www.semiconductors.org/wp-content/uploads/2022/01/PIP-comments-12.21.2021.pdf
https://www.semiconductors.org/wp-content/uploads/2022/01/PIP-comments-12.21.2021.pdf
https://crsreports.congress.gov/product/pdf/R/R45810/2

A Long-Term Competitiveness Strategy for US Domestic Semiconductor Technology 183

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Walden Rhines, Predicting Semiconductor Business Trends after Moore’s Law
(New York: Springer International Publishing, 2019).

Martin Reeves, George Stalk, and Filippo Scognamiglio, “BCG Classics
Revisited: The Experience Curve,” Boston Consulting Group, May 28, 2013.
David J. Teece, “Towards a Dynamic Competition Approach to Big Tech
Merger Enforcement: The Facebook-Giphy Example,” TechReg Chronicle,
December 2021.

Aurelien Portuese, “Principles of Dynamic Antitrust: Competing through
Innovation,” Information Technology and Innovation Foundation, June 14,2021.
Robert D. Atkinson, “Who Lost Lucent? The Decline of America’s Telecom
Equipment Industry,” American Affairs Journal 4, no. 3 (Fall 2020).

David B. Yoffie, Strategic Management in Information Technology (Hoboken,
NJ: Prentice Hall, 1994).

Michael C. Munger and Mario Villarreal-Diaz, “The Road to Crony Capitalism,”
The Independent Review 23, no. 3 (Winter 2018/19).

NASA’s Commercial Crew & Cargo Program Office (C3PO), NASA Systems
Engineering Handbook, SP-2016-6105 (Washington, DC: NASA Head-
quarters, 2016).

Richard A. Gottscho, Edlyn V. Levine, Tsu-Je King Liu, Paul McIntyre, Subhasish
Mitra, Boris Murmann, J. M. Rabaey, Sayeef Salahuddin, Willy C. Shih, and
H.-S. Philip Wong, “Innovating at Speed and at Scale: A Next Generation
Infrastructure for Accelerating Semiconductor Technologies,” ResearchGate,
March 2022.

Varas et al., Government Incentives.

Will Hunt and Remco Zwetsloot, “The Chipmakers: US Strengths and
Priorities for the High-End Semiconductor Workforce,” Center for Security
and Emerging Technology, September 2020.

David Leonhardt, “The Myth of Labor Shortages,” New York Times,
May 20, 2021.

Government of the Netherlands, Tax Department, “Knowledge Migrant Visa
Program FAQs,” accessed May 23, 2023.

National Center for Science and Engineering Statistics, “Survey of Graduate
Students and Postdoctorates in Science and Engineering, Fall 2021,”
Table 4-20a, January 2023.

Gary P. Pisano and Willy Shih, “Restoring American Competitiveness,”
Harvard Business Review, July-August 2009.

National Research Council, 21st Century Manufacturing: The Role of the
Manufacturing Extension Partnership Program (Washington, DC: National
Academies Press, 2013), 302.

Matthew D. Mitchell, Michael D. Farren, Jeremy Horpedahl, and Olivia
Gonzalez, “The Economics of Targeted Economic Development Subsidy,
Mercatus Center at George Mason University,” November 21, 2019.


https://www.bcg.com/publications/2013/growth-business-unit-strategy-experience-curve-bcg-classics-revisited
https://www.bcg.com/publications/2013/growth-business-unit-strategy-experience-curve-bcg-classics-revisited
https://www.competitionpolicyinternational.com/wp-content/uploads/2021/12/7-TECH-REG-TOWARDS-A-DYNAMIC-COMPETITION-APPROACH-TO-BIG-TECH-MERGER-ENFORCEMENT-THE-FACEBOOK-GIPHY-EXAMPLE-David-J-Teece.pdf
https://www.competitionpolicyinternational.com/wp-content/uploads/2021/12/7-TECH-REG-TOWARDS-A-DYNAMIC-COMPETITION-APPROACH-TO-BIG-TECH-MERGER-ENFORCEMENT-THE-FACEBOOK-GIPHY-EXAMPLE-David-J-Teece.pdf
https://itif.org/publications/2021/06/14/principles-dynamic-antitrust-competing-through-innovation/
https://itif.org/publications/2021/06/14/principles-dynamic-antitrust-competing-through-innovation/
https://americanaffairsjournal.org/2020/08/who-lost-lucent-the-decline-of-americas-telecom-equipment-industry
https://americanaffairsjournal.org/2020/08/who-lost-lucent-the-decline-of-americas-telecom-equipment-industry
https://www.independent.org/publications/tir/article.asp?id=1343
https://www.nasa.gov/sites/default/files/atoms/files/nasa_systems_engineering_handbook_0.pdf
https://www.nasa.gov/sites/default/files/atoms/files/nasa_systems_engineering_handbook_0.pdf
https://www.researchgate.net/publication/359757382_Innovating_at_Speed_and_at_Scale_A_Next_Generation_Infrastructure_for_Accelerating_Semiconductor_Technologies
https://www.researchgate.net/publication/359757382_Innovating_at_Speed_and_at_Scale_A_Next_Generation_Infrastructure_for_Accelerating_Semiconductor_Technologies
https://www.bcg.com/publications/2020/incentives-and-competitiveness-in-semiconductor-manufacturing
https://doi.org/10.51593/20190035
https://doi.org/10.51593/20190035
https://www.nytimes.com/2021/05/20/briefing/labor-shortages-covid-wages.html
https://www.belastingdienst.nl/wps/wcm/connect/en/individuals/content/coming-to-work-in-the-netherlands-30-percent-facility
https://www.belastingdienst.nl/wps/wcm/connect/en/individuals/content/coming-to-work-in-the-netherlands-30-percent-facility
https://ncses.nsf.gov/pubs/nsf23312/assets/data-tables/tables/nsf23312-tab004-020a.pdf
https://ncses.nsf.gov/pubs/nsf23312/assets/data-tables/tables/nsf23312-tab004-020a.pdf
https://hbr.org/2009/07/restoring-american-competitiveness
https://doi.org/10.17226/18448
https://doi.org/10.17226/18448
https://www.mercatus.org/research/research-papers/economics-targeted-economic-development-subsidy
https://www.mercatus.org/research/research-papers/economics-targeted-economic-development-subsidy

184 Edlyn V. Levine and Don Rosenberg

41. YlI Bajraktari et al., “Final Report: National Security Commission on Artificial
Intelligence,” National Security Commission on Artificial Intelligence, 2021.

42. The Economist, “Confronting Russia Shows the Tension between Free Trade
and Freedom,” March 19, 2022.

43. Congressional Research Service, “Critical Minerals and US Public Policy,”
June 28, 2019.

44. The Economist, “China Courts Global Capital on Its Own Terms,” Decem-
ber 11, 2021.

45. David J. Teece and Bruce R. Guile, “Reinterpreting Adam Smith for Today’s
Economy,” California Management Review, August 15, 2022.

46. Rhines, Predicting Semiconductor Business Trends, 86.

47. The Economist, “The American Chip Industry’s $1.5trn Meltdown,” Octo-
ber 17, 2022.

48. Ben Thompson, “Chips and China,” Stratechery, October 17, 2022.

49. The Economist, “The American Chip Industry’s $1.5trn Meltdown.”

50. In response to an analyst’s question on the Arizona Fab 21 project, TSMC
chairman Mark Liu replied, “Our customer[s] in [the] US, they all want to
load that fab. I mean, this is the need from our customers. And we also believe
there is ample . . . business opportunity there.” See TSMC, “Q2 2022 Taiwan
Semiconductor Manufacturing Co Ltd Earnings Call,” July 14, 2022.

51. Saif M. Khan, “Securing Semiconductor Supply Chains,” Center for Security
and Emerging Technology, January 2021.

52. Rhines, Predicting Semiconductor Business Trends, 86.

53. USITC, Global Competitiveness of US Advanced-Technology Manufacturing
Industries: Semiconductor Manufacturing and Testing Equipment, Publication
2434, 1991.

54. USITC, Global Competitiveness.

55. Thompson, “Chips and China.”

56. Global Business Alliance, “Foreign Direct Investment in the United States,” 2022.

57. Anton Shilov, “TSMC Rumored to Increase Capacity of Arizona Fab,” Tom’s
Hardware, March 4, 2021.

58. Varas et al., Government Incentives.

59. TSMC, “Comments in Response to the Commerce Department’s Request for
Information on the Implementation of the CHIPS Incentives Program, 87 FR
61570,” Federal Register Number 2022-22158, 2022.

60. Other examples beyond advanced semiconductors might include rare earths
processing, batteries, nuclear-related components, large electric transformers,
and modern shipbuilding.

61. Michael Brown and Pavneet Singh, China’s Technology Transfer Strategy: How
Chinese Investments in Emerging Technology Enable a Strategic Competitor


https://www.nscai.gov/wp-content/uploads/2021/03/Full-Report-Digital-1.pdf
https://www.nscai.gov/wp-content/uploads/2021/03/Full-Report-Digital-1.pdf
https://www.economist.com/leaders/2022/03/19/confronting-russia-shows-the-tension-between-free-trade-and-freedom
https://www.economist.com/leaders/2022/03/19/confronting-russia-shows-the-tension-between-free-trade-and-freedom
https://crsreports.congress.gov/product/pdf/R/R45810/2
https://www.economist.com/leaders/2021/12/11/china-courts-global-capital-on-its-own-terms
https://cmr.berkeley.edu/2022/08/reinterpreting-adam-smith-for-today-s-economy/
https://cmr.berkeley.edu/2022/08/reinterpreting-adam-smith-for-today-s-economy/
https://www.economist.com/business/2022/10/17/the-american-chip-industrys-15trn-meltdown
https://stratechery.com/2022/chips-and-china
https://www.economist.com/business/2022/10/17/the-american-chip-industrys-15trn-meltdown
https://investor.tsmc.com/english/encrypt/files/encrypt_file/reports/2022-07/185efaefea866a5e944499cda9eeecc65315449c/TSMC%202Q22%20Transcript.pdf
https://investor.tsmc.com/english/encrypt/files/encrypt_file/reports/2022-07/185efaefea866a5e944499cda9eeecc65315449c/TSMC%202Q22%20Transcript.pdf
https://doi.org/10.51593/20190017
https://usitc.gov/publications/332/pub2434.pdf
https://usitc.gov/publications/332/pub2434.pdf
file:///C:\Users\davidfedor\Documents\Hoover\Taiwan\Writing\post-manuscript%20updates\Global%20Competitiveness
https://stratechery.com/2022/chips-and-china
https://globalbusiness.org/foreign-direct-investment-in-the-united-states-2022
https://www.tomshardware.com/news/tsmc-arizona-fab-potential-expansion
https://www.semiconductors.org/wp-content/uploads/2020/09/Government-Incentives-and-US-Competitiveness-in-Semiconductor-Manufacturing-Sep-2020.pdf
https://www.k-state.edu/research/faculty/other-resources/facility-security-office/documents/diux-study.pdf
https://www.k-state.edu/research/faculty/other-resources/facility-security-office/documents/diux-study.pdf

A Long-Term Competitiveness Strategy for US Domestic Semiconductor Technology 185

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

77.

to Access the Crown Jewels of US Innovation, Defense Innovation Unit
Experimental, January 2018.

Congressional Research Service, CFIUS Reform under FIRRMA, February 21,
2020.

Richard Vanderford, “Chinese Investors Still Leery of US Acquisitions after
Oversight Changes,” Wall Street Journal, April 14, 2022.

The Economist, “Despite Ukraine, These Aren’t Boom Times for American
Armsmakers,” October 20, 2022.

William Inboden and Adam Klein, “A Lesson from the Ukraine War: Secure
Our Semiconductor Supply Chains,” The Hill, May 22, 2022.

Zoya Sheftalovich and Laurens Cerulus, “The Chips Are Down: Putin
Scrambles for High-Tech Parts as His Arsenal Goes Up in Smoke,” Politico,
September 5, 2022.

James Timbie and James Ellis, “A Large Number of Small Things: A Porcupine
Strategy for Taiwan,” The Strategist 5, no. 1 (Winter 2021/2022): 83-93.
Mark Boroush, “Research and Development: US Trends and International
Comparisons,” NSB-2020-3, Science and Engineering Indicators, January 15,
2020.

Drew DeSilver, “What Does the Federal Government Spend Your Tax Dollars
On? Social Insurance Programs, Mostly,” Pew Research Center, April 4, 2017.
Michael Brown, Eric Chewning, and Pavneet Singh, “Preparing the United
States for the Superpower Marathon with China,” Brookings, April 2020.
Center for E3S, “2021 NSF Workshop on CMOS+X Technologies,” accessed
May 23, 2023.

Sankar Basu, Erik Brunvand, Subhasish Mitra, H.-S. Philip Wong, Sayeef
Salahuddin, and Shimeng Yu, A Report on Semiconductor Foundry Access by
US Academics (Washington, DC: National Science Foundation, 2020).
Gottscho et al., “Innovating at Speed and at Scale.”

Teece, “Profiting from Technological Innovation.”

Office of the United States Trade Representative, Findings of the Investigation
into China’s Acts, Policies, and Practices Related to Technology Transfer,
Intellectual Property, and Innovation under Section 301 of the Trade Act of
1974, March 22, 2018.

US Department of Commerce, Bureau of Industry and Security, “Public
Information on Export Controls Imposed on Advanced Computing and
Semiconductor Manufacturing Items to the People’s Republic of China (PRC),”
October 2022.

David M. Hart, “The Impact of China’s Production Surge on Innovation in the
Global Solar Photovoltaics Industry,” Information Technology & Innovation
Foundation, October 2020.


https://www.k-state.edu/research/faculty/other-resources/facility-security-office/documents/diux-study.pdf
https://crsreports.congress.gov/product/pdf/IF/IF10952
https://www.wsj.com/articles/chinese-investors-still-leery-of-u-s-acquisitions-after-oversight-changes-11659481448
https://www.wsj.com/articles/chinese-investors-still-leery-of-u-s-acquisitions-after-oversight-changes-11659481448
https://www.economist.com/business/2022/10/20/despite-ukraine-these-arent-boom-times-for-american-armsmakers
https://www.economist.com/business/2022/10/20/despite-ukraine-these-arent-boom-times-for-american-armsmakers
https://thehill.com/opinion/technology/3494860-a-lesson-from-the-ukraine-war-secure-our-semiconductor-supply-chains
https://thehill.com/opinion/technology/3494860-a-lesson-from-the-ukraine-war-secure-our-semiconductor-supply-chains
https://www.politico.eu/article/the-chips-are-down-russia-hunts-western-parts-to-run-its-war-machines
https://www.politico.eu/article/the-chips-are-down-russia-hunts-western-parts-to-run-its-war-machines
https://tnsr.org/2021/12/a-large-number-of-small-things-a-porcupine-strategy-for-taiwan
https://tnsr.org/2021/12/a-large-number-of-small-things-a-porcupine-strategy-for-taiwan
https://ncses.nsf.gov/pubs/nsb20203/executive-summary
https://ncses.nsf.gov/pubs/nsb20203/executive-summary
https://www.pewresearch.org/fact-tank/2017/04/04/what-does-the-federal-government-spend-your-tax-dollars-on-social-insurance-programs-mostly
https://www.pewresearch.org/fact-tank/2017/04/04/what-does-the-federal-government-spend-your-tax-dollars-on-social-insurance-programs-mostly
https://www.brookings.edu/research/preparing-the-united-states-for-the-superpower-marathon-with-china
https://www.brookings.edu/research/preparing-the-united-states-for-the-superpower-marathon-with-china
https://e3s-center.berkeley.edu/nsf-workshop-cmosx/workshop-description
https://nsfedaworkshop.nd.edu/assets/429148/nsf20_foundry_meeting_report.pdf
https://nsfedaworkshop.nd.edu/assets/429148/nsf20_foundry_meeting_report.pdf
https://www.researchgate.net/publication/359757382_Innovating_at_Speed_and_at_Scale_A_Next_Generation_Infrastructure_for_Accelerating_Semiconductor_Technologies
https://doi.org/10.1016/0048-7333(86)90027-2
https://ustr.gov/sites/default/files/Section%20301%20FINAL.PDF
https://ustr.gov/sites/default/files/Section%20301%20FINAL.PDF
https://ustr.gov/sites/default/files/Section%20301%20FINAL.PDF
https://ustr.gov/sites/default/files/Section%20301%20FINAL.PDF
https://www.bis.doc.gov/index.php/about-bis/newsroom/2082
https://www.bis.doc.gov/index.php/about-bis/newsroom/2082
https://www.bis.doc.gov/index.php/about-bis/newsroom/2082
https://itif.org/publications/2020/10/05/impact-chinas-production-surge-innovation-global-solar-photovoltaics
https://itif.org/publications/2020/10/05/impact-chinas-production-surge-innovation-global-solar-photovoltaics

186 Edlyn V. Levine and Don Rosenberg

78. Valerie Hernandez, “Have the Huawei Bans Achieved the US’s Intended
Goals?,” International Banker, September 2022.

79. As discussed at length in Niall Ferguson, Doom: The Politics of Catastrophe
(London: Penguin Press, 2021).

80. William Sweet, “Future of Chinese Students in US at Issue; CUSPEA Program
Nears Its End,” Physics Today 41, no. 6 (June 1988): 67-71.

81. White House Office of Trade and Manufacturing Policy, “How China’s
Economic Aggression Threatens the Technologies and Intellectual Property of
the United States and the World,” June 19, 2018.

82. Joyce Barnathan, “The Soviet Brain Drain Is the US Brain Gain,” Bloomberg,
November 3, 1991.

83. Brown et al., “Preparing the United States.”

84. Matthew Strong, “Taiwan Finds More than 40 Cases of Illegal Recruitment by
Chinese Companies,” Taiwan News, September 16, 2016.

85. Bill Chappell, “Acclaimed Harvard Scientist Is Arrested, Accused of Lying
about Ties to China,” NPR, January 8, 2020.

86. Glenn Tiffert, ed., “Global Engagement: Rethinking Risk in the Research
Enterprise,” The Hoover Institution, July 2020.

87. US Department of Commerce, Bureau of Industry and Security, “Public
Information on Export Controls.”

88. Lia Zhu, “Experts: China Outpacing US on Patent Eligibility,” China Daily,
June 23, 2020.

89. Kevin Madigan and Adam Mossoff, “Turning Gold into Lead: How Patent
Eligibility Doctrine Is Undermining US Leadership in Innovation,” George
Mason Law Review 24 (2016-2017): 939.

90. Alexander Hamilton, James Madison, and John Jay, “Federalist No. 23,” in
The Federalist Papers, edited by Jacob E. Cooke (Middletown, CT: Wesleyan
University Press, 1961), 154.

91. Jeffrey Goldberg, “Henry Kissinger on the Assembly of a New World Order,”
The Atlantic, November 17, 2016.


https://internationalbanker.com/technology/have-the-huawei-bans-achieved-the-us-intended-goals
https://internationalbanker.com/technology/have-the-huawei-bans-achieved-the-us-intended-goals
https://pubs.aip.org/physicstoday/article/41/6/67/405172/Future-of-Chinese-Students-in-US-at-Issue-CUSPEA
https://pubs.aip.org/physicstoday/article/41/6/67/405172/Future-of-Chinese-Students-in-US-at-Issue-CUSPEA
https://trumpwhitehouse.archives.gov/briefings-statements/office-trade-manufacturing-policy-report-chinas-economic-aggression-threatens-technologies-intellectual-property-united-states-world
https://trumpwhitehouse.archives.gov/briefings-statements/office-trade-manufacturing-policy-report-chinas-economic-aggression-threatens-technologies-intellectual-property-united-states-world
https://trumpwhitehouse.archives.gov/briefings-statements/office-trade-manufacturing-policy-report-chinas-economic-aggression-threatens-technologies-intellectual-property-united-states-world
https://www.bloomberg.com/news/articles/1991-11-03/the-soviet-brain-drain-is-the-u-dot-s-dot-brain-gain
https://www.brookings.edu/research/preparing-the-united-states-for-the-superpower-marathon-with-china
https://www.taiwannews.com.tw/en/news/4660007
https://www.taiwannews.com.tw/en/news/4660007
https://www.npr.org/2020/01/28/800442646/acclaimed-harvard-scientist-is-arrested-accused-of-lying-about-ties-to-china
https://www.npr.org/2020/01/28/800442646/acclaimed-harvard-scientist-is-arrested-accused-of-lying-about-ties-to-china
https://www.hoover.org/global-engagement-rethinking-risk-research-enterprise
https://www.hoover.org/global-engagement-rethinking-risk-research-enterprise
file:///C:\Users\davidfedor\Documents\Hoover\Taiwan\Writing\post-manuscript%20updates\Public%20Information%20on%20Export%20Controlsblic%20of%20China%20(PRC)
file:///C:\Users\davidfedor\Documents\Hoover\Taiwan\Writing\post-manuscript%20updates\Public%20Information%20on%20Export%20Controlsblic%20of%20China%20(PRC)
https://www.bis.doc.gov/index.php/documents/about-bis/newsroom/press-releases/3158-2022-10-07-bis-press-release-advanced-computing-and-semiconductor-manufacturing-controls-final/file
https://www.chinadaily.com.cn/a/202006/23/WS5ef12eaca310834817254b6e.html
https://heinonline.org/HOL/LandingPage?handle=hein.journals/gmlr24&div=40&id=&page=
https://heinonline.org/HOL/LandingPage?handle=hein.journals/gmlr24&div=40&id=&page=
https://www.theatlantic.com/international/archive/2016/11/kissinger-order-and-chaos/506876

m‘f‘ HOOVER

J% ASIA SOCIETY
A€ CENTER ON

) U.S-CHINA

INSTITUTION CL\RELATIONS

A report of the Working Group on
Semiconductors and the Security of the
United States and Taiwan, a joint project of
the Hoover Institution and the Asia Society
Center on U.S.-China Relations



	Chapter Four: A Long-Term Competitiveness Strategy for US Domestic Semiconductor Technology (Edlyn V. Levine and Don Rosenberg)
	Defining a US Policy Objective: Strategic Autonomy via the Control of Critical Technologies
	Why Is the United States No Longer in a Position of Assured Technology Leadership?
	Policies to Achieve US Strategic Autonomy through Semiconductor Leadership 
	1. Policies to Enhance Value Capture 
	Taxes
	Regulations and Permitting
	Antitrust Regulation
	Subsidization
	Skilled Labor
	Industrial Commons and Technology Hubs
	Global Technology Standards

	2. Policies to Strengthen National and Economic Security
	Incentivizing US Industrial Alignment
	Export Controls
	Foreign Investment
	Armaments and Defense Acquisitions

	3. Policies to Amplify Value Creation 
	R&D Funding
	R&D Infrastructure
	Education

	4. Policies to Strengthen the Global Appropriability Regime
	Trade
	Tacit Knowledge
	Incentivizing US Innovators

	Achieving Strategic Autonomy 
	Notes


