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Key Points

®  Although US and allied export controls have prevented China from acquiring high-end
chipmaking equipment, Chinese firms are starting to succeed in using older-generation
lithography tools to fabricate near-frontier chips.

® China’s fleet of several hundred deep ultraviolet (DUV) lithography machines will almost
certainly be capable of printing millions of high-end logic dies in 2026, which Huawei will
package into high-end Al accelerators.

®  Unless the United States and its allies take urgent steps to restrict China’s ability to purchase
and upgrade older-generation lithography machines, Huawei will be more than capable of
printing huge quantities of cutting-edge computer chips needed to contest US Al leadership.

® This report offers a three-pronged approach to close this gap: capability-based export
controls that regulate tools by technical performance, a countrywide presumption of denial

that closes entity-based gaps, and restrictions on servicing existing DUV machines in China.

US and allied export controls have successfully denied
China access to the extreme ultraviolet (EUV) lithogra-
phy machines required to print modern AI chips. Hua-
wei’s current production amounts to a fraction of the
US-led semiconductor manufacturing ecosystem, starv-
ing Chinese Al labs of the compute they need to serve
their models to the global public.

But the Biden administration’s controls on semi-
conductor manufacturing equipment, which were
enacted in 2022, left a critical gap. Chinese chipmakers—
led by Semiconductor Manufacturing International
Corporation (SMIC) and its principal customer,
Huawei—are acquiring older-generation deep ultravio-
let immersion (DUVi) lithography tools and repurpos-
ing them to fabricate near-frontier chips.
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This process is inefficient, and the cost curve is pun-
ishing. But access to older lithography machines is
allowing Chinese chipmakers to scale their production
far faster than US policymakers had anticipated. SMIC
has already produced and sold chips that are compet-
itive with the US-led technological frontier—and it is
actively developing a five-nanometer (nm) process that,
while much more expensive than the Taiwan Semicon-
ductor Manufacturing Company (TSMC) equivalent,
would give Huawei a sanction-proof pathway to making
near-frontier Al accelerators at scale.

Left unaddressed, this loophole risks undermin-
ing the entire architecture of US export controls on
AT chips—and undercutting the United States’ near
monopoly on the compute needed to win the Al race.



To close it, this report recommends three comple-
mentary measures: capability-based export controls
that regulate lithography tools by what they can pro-
duce (rather than what buyers declare), a countrywide
presumption of denial for lithography exports to China,
and restrictions on ASML’s servicing of DUVi machines
already deployed in Chinese fabrication plants.

The Making of a Loophole

As previous American Enterprise Institute research
has discussed, China’s AI chip ambitions are con-
strained by three critical bottlenecks: the fabrication
of logic chips, the fabrication of memory, and the pack-
aging of advanced accelerator modules.! Of these, logic
chip fabrication is the most consequential and difficult
to replicate.

A modern logic chip is produced through a sprawl-
ing network of chemicals, materials, and precision pro-
cesses spanning dozens of countries and hundreds of
suppliers. The single most concentrated node in that
network is lithography. The Dutch company ASML holds
a complete monopoly?> on EUV lithography tool ship-
ments and 9o percent3 of DUVi shipments. No company
in China—really, no company on Earth—can match the
resolution or throughput of ASML’s machines. This is
why, in the United States’ broader quest to constrain
China’s access to computational power, lithography
tools are an optimal choke point.

Chipmaking begins with lithography—the process
of printing circuit patterns onto silicon wafers using
light. In a cutting-edge EUV machine, a laser vapor-
izes 50,000 tin droplets per second to generate light
at a specific 13.5 nm wavelength—a frequency so tight
and energetic that it is absorbed by almost every known
material.4 The light then bounces off a series of ultra-
precise mirrors to delicately etch features onto silicon
wafers. These machines cost $150-$400 million each,
contain over 100,000 parts, and are made only by
ASML. Since 2019,° the Dutch government has banned
the export of these machines to China.

EUV is the best way to etch features into silicon
wafers to turn them into logic chips—but it is not the
only way. Traditional deep ultraviolet (DUV) tools use
conventional lenses to pass light with a longer wave-
length (193 nm) to produce older-generation chips
with larger features, with more modern “immersion”
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techniques further improving resolution by placing a
layer of purified water between the lens and the wafer.”
DUVi machines are cheaper, more widely available,
and—most critically—not subject to the same export
restrictions that the United States or the Netherlands
has enacted on EUV systems.

But through the process of “multi-patterning”—
building a chip from the ground up through multiple
lithographic exposures—chipmakers can achieve far
finer features than they could with any single DUVi
pass. This has allowed certain Chinese companies—
namely, SMIC—to stretch the capabilities of a tradi-
tional DUV tool and produce viable AI chips. SMIC
produced and sold 7 nm chips in 2022 without access
to a single EUV machine,® and Chinese research groups
are openly exploring whether DUVi multi-patterning
can create 5 nm chips.?

DUVi forces punishing trade-offs, and for most chip
fabrication plants (i.e., Taiwan’s TSMC or South Korea’s
Samsung), the economics would not be sound: Print-
ing a logic accelerator with the physical equivalent of
dial-up internet significantly increases the cost to make
a given silicon wafer (which will be sliced into individ-
ual chips) and the probability that it will include some
defect, drastically lowering yield rates for a given patch
of silicon. This is why SMIC’s 5 nm chip fabrication
process—which relies on DUVi lithography combined
with complex multi-patterning—is estimated to be
40-50 percent more expensive than TSMC’s equivalent,
with yields as low as 20 percent.!° Still, Chinese foundry
companies like SMIC (and their major clients, like Hua-
wei) have been willing to absorb those costs—and as a
result, they can produce small amounts of near-frontier
chips without access to a single EUV machine.

China’s work-around for making logic chips with
DUVi is an urgent matter for US national security. Left
unaddressed, this loophole could allow China to pro-
duce future generations of Huawei’s near-frontier Al
chips at scale—reducing US leverage over global Al
build-outs, undercutting the American Al Exports Pro-
gram, and weakening the strategic advantage that Amer-
ican export controls were designed to cement.

The Scale of Chinese Dependence

China is exploiting the DUVi loophole at a massive
scale. Chinese entities accounted for 70 percent of



ASML’s DUVI tool sales in 2024."* The company’s total
sales to China that year amounted to nearly $12 billion,
accounting for more than a third of the company’s rev-
enue.”> These machines were shipped legally and then
upgraded to produce the high-performing chips previ-
ously accessible only with EUV tools—a process made
possible because, as discussed in greater detail below,
current US and allied restrictions focus on equipment
that meets specific performance thresholds bound for
specially designated entities rather than considering the
equipment’s capability.

Dutch DUVi machines, which China imports on a
large scale, are the backbone of Huawei’s chip-
production capacity—and the machines ASML ships are
more than sufficient to allow Huawei to fabricate large
numbers of high-end logic chips.

A back-of-the-envelope analysis gives a sense of what
the existing stockpile of machines can actually produce:
Of the 374 DUV lithography machines ASML shipped
globally in 2024, 129 were argon fluoride immersion
(ArFi) systems, which can be used to fabricate chips at
and below 7 nm with multi-patterning. With Chinese
entities accounting for 70 percent of the sales, SMIC
and its peers likely acquired close to 9o ArFi machines—
worth approximately $5-$7 billion.13 Most of these are
ASML’s NXT:1980Fi-series class of DUVi machines,
capable of printing between 275 and 330 silicon wafers
per hour—giving each machine a theoretical ceiling of
2.4 million “passes” over a 300 millimeter silicon wafer
in a given year.14

Because each DUVi machine relies on multi-
patterning to produce more sophisticated chips, it must
expose each critical layer two, three, or even four times
to produce features that could be printed with a sin-
gle pass of an EUV machine. A modern 7 nm logic chip
runs through more than 8o lithography steps, of which
the dozen or so most critical layers must be doubled or
quadrupled with an older-generation DUVi tool.’s We
therefore estimate that Chinese fabrication plants must
burn one-and-a-half to two times the number of ArFi
scanner hours per wafer that TSMC does with ASML’s
most cutting-edge EUV machines.

Even assuming terrible yield rates—many silicon
waters will be printed incorrectly in multi-patterning—
the capacity China gains from its access to older-
generation Dutch lithography machines is enormous:
We estimate the 9o or so machines Chinese entities
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bought in 2024 could sustain several million 7 nm-class
wafer starts. Thisis far more than Huaweineeded to meet
its reported 2025 shipments of 800,000 Ascend-class Al
accelerators'®—most of which were drawn from a bank
of TSMC-fabricated wafers imported before US sanc-
tions went into effect.7

China’s fleet of several hundred existing DUVi
machines will almost certainly be capable of printing
Huawei’s target of 1.6 million logic dies in 2026 as the
company runs out of stockpiled TSMC dies and addi-
tional fabs come online.!8

Export controls on lithography have been broadly
effective at keeping the most advanced machines away
from China.'9 The country currently produces only
1-2 percent of the capacity of the US-led chip eco-
system—and far less than what Chinese AI labs need
to serve their AI models to the global public.2® But
unless the United States takes urgent steps to close
this loophole, China is on a path to narrowing its gap
in logic chip fabrication at a rate far faster than many
policymakers anticipate. The best way to understand
DUV is to treat it as one of three pieces of a skele-
ton key—along with memory and chip packaging—
that will unlock China’s capacity to build frontier chips
at a massive scale.

The US Commerce Department’s Bureau of Industry
and Security (BIS) issued a rule in December 2024 that
took initial steps to patch this gap by controlling the
export of node-agnostic tools and specifically restricting
licenses for software that could jailbreak DUV tools into
configurations that are useful for multi-patterning.2!
These were meaningful speed bumps, but they are not
enough to slow Huawei’s ambition. Given China’s exist-
ing stockpile of physical DUVi machines and its robust
domestic software industry, Chinese engineers have
reportedly continued building their own tools capa-
ble of fabricating advanced 7 nm logic chips on ASML’s
older-generation equipment.?2

What US Partners Have Done About It

At a January 2023 trilateral meeting in Washington, DC,
Japan, the Netherlands, and the United States report-
edly reached an informal agreement to restrict the sale
of certain lithography tools “above certain technology
performance thresholds” to China.23 While the precise
details of this arrangement have not been made public,



all three countries have since issued public declarations
detailing their own export controls on various semicon-
ductor manufacturing equipment.

Japan expanded controls on a broader range of semi-
conductor manufacturing equipment related to DUVi
lithography.24 The Netherlands, meanwhile, introduced
new controls requiring licenses for Dutch companies
shipping advanced DUVi lithography tools overseas—
but it did not expand its controls to cover advanced
DUVi and measurement or inspection tools until Sep-
tember 2024.25 This provided Chinese firms a two-year
window to stockpile equipment before restrictions
tightened. During this time, Chinese chipmakers pur-
chased many of these instruments.

There is a growing bipartisan consensus in Wash-
ington that more must be done to restrict the vari-
ous loopholes that Chinese companies are pursuing.
The Multilateral Alignment of Technology Controls
on Hardware Act—which was introduced by a biparti-
san group of 15 members of Congress from 11 states—
bans the sale or servicing of choke point tools bound for
China, including DUVi machines.2¢ It also establishes
a specific timeline for diplomatic engagement before
compelling the United States to adopt more restrictive
export controls unilaterally.

This report provides complementary measures to
that act: restrictions based on what tools can do, not
what category they fall into, combined with a country-
wide presumption of denial that eliminates reliance on
outdated export control systems.

Our policy recommendations are as follows:

e Congress should direct the Department of Com-
merce to develop capability-based export controls
on semiconductor lithography equipment, including
older-generation DUVi tools that can be used to cre-
ate near-frontier chips. BIS should consider includ-
ing technology classes based on their observable
technical performance rather than their declared
production node or end use.

e Congress should mandate a countrywide presump-
tion of denial for exports of advanced lithography
systems to China and other designated high-risk
locations, directing BIS to implement a presumption
of denial for any country of concern.
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e Congress should direct BIS to work with allied gov-
ernments to restrict ASML and other allied firms
from servicing and maintaining DUVi tools already
in China that can produce near-frontier chips via
multi-patterning.

Capability-Based Export Controls

Current export controls focus on the production node
(the generation of chip-manufacturing technology) or
the end use declared by the buyer (intended use), leaving
a gap in which tools capable of producing near-frontier
chips after refurbishment are legally exported.?? This
risk is not just theoretical; SMIC has been recently test-
ing a DUVi lithography tool originally designed for cre-
ating 28 nm chips that is now being used for 7 nm—and
possibly 5 nm—chips via multi-patterning.28

By regulating tools via more technical metrics, US
regulators can shift their focus from what a buyer claims
a tool will do to what it can actually produce. This
method ensures all equipment capable of supporting
advanced chip production is included under regulatory
oversight—thereby preventing China from acquiring
machines technically classified as “mature-node” tools
and then repurposing them for frontier production.
Note that these expanded export controls would not
halt the export of every DUV or DUV tool but rather
only those with technical characteristics that make
them viable tools for advanced-node fabrication after
refurbishment.

Although lithography machines are a feat of science
and the product of decades of research and develop-
ment investment, they are not black boxes—in fact,
regulators understand and have thoroughly docu-
mented their operation.?9 Their capabilities are defined
by measurable engineering parameters including aper-
ture size, overlay accuracy, wavelength, and immersion
capability. Congress can direct regulators to set tech-
nical performance thresholds that delineate between
older-generation tools and those better adapted to
refurbishing, borrowing a method used in existing chip
export controls.3° This would simultaneously eliminate
the strain on BIS, which must currently evaluate each
export application, while removing the burden to prove
an importer or exporter’s knowledge or intent of tech-
nology misuse.3!
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One obvious counterargument is that China
could get around capability-based controls by buying
restricted components separately through other coun-
tries and assembling them at home, effectively smug-
gling the machine in pieces. This is a real risk, but it is
not a new problem; BIS already deals with this sort of
evasion. The fix is to extend capability-based controls
to vital components, not just complete tools, and work
with allied governments to cut off those work-around
routes. That said, assembling a lithography tool from
separate components is much more difficult and
time-consuming than purchasing a complete machine,
making whole-tool controls the foremost priority.
Component-level restrictions can, and should, follow in
subsequent legislation.

Controlling DUV tools that meet certain technical
benchmarks would ensure the United States and its
allies remain the only producers capable of reliably man-
ufacturing the highest-performing chips on the market.
Without capability-based restrictions, China would
likely continue purchasing DUVi tools under the guise
of mature-node production and, via multi-patterning,
using that advantage to close the gap on frontier chip-
making technology.

Countrywide Presumption of Denial

A countrywide presumption of denial—meaning that
BIS regulators begin with a baseline understanding that
lithography tools are likely to be rejected for export,
forcing them to go through rigorous licensing scrutiny
for any approval—tackles entity-based gaps in the cur-
rent export control system.

The US Export Administration Regulations rely heav-
ily on the Entity List,3? restricting exports to designated
companies rather than a blanket countrywide ban for
high-risk locations. This leaves room for unlisted enti-
ties to legally acquire advanced lithography tools. Con-
gress should enact legislation that sets the framework
of a countrywide presumption of denial for any country
of concern,33 and it should direct BIS to implement the
technical details via its own rulemaking. Crucially, these
restrictions cover a broad set of tools that might not be
currently tagged as choke point tools in the chipmaking
process but are still able to produce near-frontier-level
chips through multi-patterning.
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The United States should encourage allies—
particularly the Netherlands and Japan—to adopt paral-
lel measures. Much of the world’s advanced lithographic
capacity is overwhelmingly concentrated in those two
countries.34 Diplomatic measures should aim for a bind-
ing, public, multilateral agreement.

But this reality entirely depends on the speed and
willingness of Tokyo and The Hague to adopt such
policies. China is already stockpiling and refurbishing
DUVi lithography tools, and this practice is likely to
only increase. For this reason, if diplomatic measures
fail, the Trump administration should consider expand-
ing the foreign direct product rules (FDPR) to cover
allied-produced lithography equipment. FDPRs allow
the regulation of foreign-made items that are consid-
ered “direct products” of US technology or software.35
Many critical subsystems in a modern lithography
machine fall under this jurisdiction, including prod-
ucts from California-based Cymer,3¢ which makes light
sources for the lasers used in ASML’s machines.

If allied controls fail to align with US policy, expand-
ing FDPRs could give the United States legal authority
to extend export restrictions to Dutch-made tools that
incorporate American components. This should be a
last resort, though; the Trump administration should
first work diligently to exhaust all diplomatic channels.

Restricting DUVi Tool Maintenance and
Servicing

The previous measures outlined in this report focus on
halting China from buying older-generation machines
that could be refurbished to produce near-frontier chips.
But China already has a large installed base of DUVi
tools, and these machines require specialized mainte-
nance approximately every six months—maintenance
that ASML itself often provides on-site in China.37 If
the Netherlands fails to restrict servicing for these
machines, China’s existing DUVi fleet could remain
operational indefinitely, undermining the impact of
every other proposed export restriction and providing
Huawei a significant production capability.

Congress should therefore direct the Commerce and
State Departments to work with allied governments—
particularly the Netherlands—to cut off servicing for
machines that meet the capability-based thresholds out-
lined above. By tying service restrictions to technical
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specifications rather than the operator’s identity, the
United States ensures that unlisted facilities cannot
maintain machines capable of producing advanced chips.

Diplomatic coordination with The Hague should
be the primary course of action. If that fails, Presi-
dent Trump could expand FDPRs to restrict the use of
American-made components and software in the servic-
ing process.

Additional Considerations

These recommendations carry trade-offs. Greater licens-
ing scrutiny may affect allied revenue—particularly for
ASML, whose DUV sales to China have been a signifi-
cant revenue stream for the Dutch economy. These mea-
sures would therefore generate deep diplomatic friction
with the Netherlands. If enacted, allies could perceive
FDPR expansion as extraterritorial overreach—and
although the United States and its partners would enact
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controls on any and all “countries of concern,” China
would likely retaliate with its own counter-restrictions
or trade measures.

Still, even accounting for these risks, the large-scale
provision of DUVi tools to Chinese chipmakers risks
obviating US and allied control over the world’s most
consequential technology: artificial intelligence. The
measures this report outlines are designed to protect
American leadership in AT chip production, maintain US
and allied technological leverage over China, and pre-
serve the strategic advantage that export controls were
designed to deliver.

Capability-based controls, countrywide denial, and
maintenance restrictions should be pursued simultane-
ously to close the technical, structural, and operational
dimensions of the DUVi loophole. The alternative—
allowing China to continue stockpiling and refurbishing
its way to near-frontier chipmaking—is far costlier than
any trade-off described above.
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