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The future of global power may not lie in tanks, oil, or even data—but in the
delicate etching of microscopic circuits onto silicon wafers. In this paper, we
explore the fragile yet central structure of the world’s semiconductor ecosystem,
focusing on three key players: Intel, TSMC, and ASML. Once a self-sufficient leader
in chipmaking, Intel is now entering a tentative partnership with TSMC, the
world’s most advanced semiconductor foundry. But behind both of these giants
looms a quieter, singular force: ASML, the Dutch company that holds a monopoly
on extreme ultraviolet (EUV) lithography technology—the very machines required
to produce the most advanced microchips. What follows is not merely a
technological audit but a geopolitical analysis. We examine how strategic
dependencies, national security imperatives, and scientific advancement are
becoming deeply entangled. With the West racing to re-shore fabs and China
blocked from EUV access, the semiconductor race is not just about innovation—
it's about control, continuity, and survival. This paper also builds on themes from
our earlier work Quantum Dilemmas, tracing how today's monopolies shape
tomorrow’s quantum and Al frontiers.
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1. Introduction: Why This Matters Now

In 2025, control over the semiconductor industry has become one of the most
critical levers of global power—more vital than oil, more fragile than ever, and
more central to the geopolitical chessboard than at any point in modern history.
The microchips that power smartphones, artificial intelligence, military defense
systems, and even nuclear command and control architectures all depend on a
few companies, a few countries, and—most precariously—a single Dutch firm that
holds a technological monopoly over the machines needed to produce the most
advanced chips.

The world is entering a post-silicon age, not in the sense that silicon will be
abandoned, but in the sense that the bottlenecks are no longer about the
materials, but about the tools, the processes, and the politics that surround the
creation of ever-smaller, ever-faster semiconductors. The global race is no longer
just about who designs the fastest chip, but who can build it—and more
importantly, where it can be built, with whom, and under whose control.

The Race to Control Semiconductor Manufacturing

Once thought of as a niche corner of industrial electronics, semiconductor
fabrication has now emerged as the most critical infrastructure of the 21st
century. Governments have realized that chip sovereignty—the ability to design
and manufacture semiconductors domestically—is tantamount to economic
sovereignty and national security. This realization has triggered a new arms race,
not of missiles or tanks, but of nanometers and photolithography.

As the U.S. faces increasing competition from Asia, and as geopolitical tensions
flare between China and Taiwan, control over fabrication plants (fabs), talent
pipelines, and equipment supply chains has become an issue of both strategic
planning and existential urgency. The recent tentative partnership between Intel
and TSMC, two long-time rivals, underscores just how desperate—even
cooperative—this competition has become.



National Security, Al, and the Post-Silicon Age

The implications go far beyond smartphones and laptops. Every military-grade Al
system, every autonomous drone, every classified satellite and secure
communications platform depends on semiconductors that are smaller than
viruses, faster than thought, and nearly impossible to produce without ASML’s
lithography systems.

In short: whoever controls the chips, controls the future of Al, warfare, and
intelligence gathering. The U.S. Department of Commerce has already flagged this
industry as a “strategic vulnerability,” and multiple branches of government now
coordinate efforts to onshore chip production, secure supply chains, and limit
foreign access to key tools.

The Resurgence of Interest in Onshore Chip Production

The COVID-19 pandemic exposed the fragility of globalized supply chains. The
subsequent chip shortage caused billions in losses across automotive, consumer
electronics, and even medical device industries. In response, countries like the
U.S., Japan, and Germany have poured billions into incentivizing local fabrication,
often under legislation like the CHIPS and Science Act in the United States.

Intel’s expansion plans in Arizona, TSMC’s bold multi-fab commitment in the U.S.,
and Samsung’s massive investments in Texas reflect a new industrial revival
centered around high-tech manufacturing. But these efforts, while symbolically
important, are still dependent on a foreign company—ASML—for the most critical
tool of all: the extreme ultraviolet (EUV) lithography system.

2. Intel and TSMC: Strange Bedfellows in the Foundry War

In the long and often competitive history of chip manufacturing, Intel and TSMC
have rarely seen eye to eye. Intel, once the undisputed king of both chip design
and fabrication, built its empire on vertical integration—doing everything in-
house. TSMC, on the other hand, pioneered the foundry model, specializing solely
in chip manufacturing and letting other companies—like Apple, AMD, and



Nvidia—handle design. For decades, Intel viewed outsourcing as a weakness,
while TSMC built the world’s most advanced manufacturing empire by doing just
that.

Now, in a remarkable reversal, Intel is seeking TSMC’s help—not only as a
customer, but as a potential partner. What was once unthinkable has become an
urgent necessity. The deal on the table: a joint venture in which TSMC would take
a 20% stake in operating Intel’s fabs, contribute technical expertise, and help train
Intel’s workforce. This is more than just a handshake—it’s a strategic and symbolic
shift in the balance of power in the semiconductor world.

Intel’s Recent Losses and Layoffs

Intel’s recent financial performance has been bleak. In 2024, it posted its first net
loss since 1986, hemorrhaging $18.8 billion. This triggered a wave of cost-cutting
measures and job layoffs, undermining confidence in its once-iconic brand. Once
known for “Intel Inside,” the company has been plagued by delays in its process
roadmap, repeatedly falling behind competitors in reaching smaller transistor
nodes—especially the highly coveted 5nm and 3nm technologies.

In contrast, Apple’s chips—manufactured by TSMC—are now more advanced and
efficient than anything Intel currently produces. The perception has shifted: Intel
is no longer a leader in fabrication technology, but a legacy company fighting to
stay relevant in a rapidly evolving landscape.

TSMC’s Dominance in Cutting-Edge Nodes

Taiwan Semiconductor Manufacturing Company (TSMC) now manufactures over
90% of the world’s most advanced chips, including those used in iPhones, data
centers, GPUs, and military systems. Its fabrication capabilities at 3nm and below
are unmatched. While other competitors like Samsung Foundry are still in the
game, TSMC holds the crown—thanks to its early investments in EUV lithography
and its massive talent pool of engineers and process technologists.

TSMC’s dominance, however, is not just technical—it’s geopolitical. Located in
Taiwan, its fabs sit at the epicenter of rising tensions between China and the
United States. The global economy rests precariously on a narrow strip of land



between Taipei and Hsinchu, where a military conflict or natural disaster could
derail the global tech supply chain overnight.

The Proposed Joint Venture: Opportunity or Surrender?

Intel’s proposed partnership with TSMC is being spun as a strategic alliance—a

chance to combine Intel’s domestic infrastructure and talent with TSMC’s process
leadership and operational discipline. But inside the industry, opinions are mixed.
Is this a new chapter in global tech cooperation—or a quiet admission of defeat?

Critics argue that Intel is surrendering its crown jewel—manufacturing
independence—to a foreign competitor. Others counter that collaboration is the
only path forward in a world where the cost of advanced fabs exceeds $20 billion,
and the time-to-market pressures are relentless.

What'’s clear is this: Intel no longer holds all the cards, and its survival depends on
redefining its role—not as the lone wolf, but as part of a complex, interdependent
semiconductor ecosystem. Whether this partnership revives Intel’s fortunes or
cements its descent into a secondary role remains to be seen. But either way, it
marks a historic shift in the industry's power dynamics.

3. ASML: The Dutch Bottleneck of Global Progress

While Intel and TSMC dominate headlines, the most strategically crucial company
in the semiconductor industry is neither American nor Taiwanese—it is ASML, a
Dutch firm headquartered in Veldhoven. AlImost unknown to the public outside of
the tech world, ASML is the sole global provider of extreme ultraviolet (EUV)
lithography machines, without which no chip smaller than 7 nanometers could be
produced. It is, quite literally, a technological bottleneck—a single point of failure
in the global digital economy.

The paradox is striking: in an era defined by decentralized networks, globalized
supply chains, and distributed computing, the most advanced technological
capabilities all trace back to one company, in one town, in one country.



The History of EUV Lithography and How ASML Won

EUV lithography has been the Holy Grail of chip manufacturing for decades. It
allows the etching of circuits onto silicon wafers with light at a wavelength of 13.5
nanometers, orders of magnitude smaller than the light used in traditional deep
ultraviolet (DUV) systems. This allows for higher transistor density, lower power
consumption, and faster performance—all essential for Al, 5G, and future
computing systems.

The path to EUV was long, expensive, and fraught with failure. In the early 2000s,
several companies and research alliances, including American and Japanese firms,
pursued EUV development. But the costs were astronomical, the engineering
challenges unprecedented, and the payoff uncertain.

ASML made the long bet—and won. Backed by early strategic investments from
Intel, Samsung, and TSMC, ASML poured billions into EUV R&D. It also had the
foresight to acquire key technologies, including Cymer (a U.S. company that built
EUV light sources). By 2018, it had achieved commercial viability. Today, no other
company has been able to replicate the feat.

In this sense, ASML’s victory was less about national allegiance and more about
long-term vision. But the implications are deeply geopolitical.

Technological Complexity: Why No One Else Caught Up

Replicating ASML's EUV system is not like reverse-engineering a smartphone—it’s
more like rebuilding the Hadron Collider from scratch, without the blueprints.

Each ASML EUV machine:
o Contains over 100,000 parts.
« Weighs over 180 tons.

« Uses atin droplet laser to generate EUV light by vaporizing molten metal at
50,000 times per second.



» Bounces this light through a series of ultra-flat mirrors, made to atomic
tolerances.

« Projects the pattern onto silicon wafers with nanometer-scale precision.

The mirrors themselves are an engineering marvel, requiring flatness deviations
no larger than a few atoms, and are manufactured solely by Carl Zeiss SMT in
Germany. The laser light source comes from Cymer, which is now owned by ASML
but originated in the United States. A single EUV system takes months to
assemble, and costs around $200 million—yet there’s a waiting list of years to get
one.

The sheer complexity has created an insurmountable moat. Japan’s Canon and
Nikon dropped out of the EUV race long ago. China’s efforts to build a domestic
equivalent have made some progress in DUV systems, but they are at least a
decade behind in EUV. Even if the U.S. wanted to build a domestic competitor, the
development costs and time would be immense.

ASML’s Supplier Network: Germany’s Zeiss, U.S. Cymer, and More

Though ASML is the integrator, it is far from alone. It relies on a global supply
chain of hyper-specialized contributors, each irreplaceable:

o Zeiss (Germany): Supplies the world’s most precise mirrors and optical
systems.

o Cymer (USA): Provides the EUV light source technology, based on plasma
physics and ultrafast laser optics.

o Trumpf (Germany): Supplies the high-powered CO, lasers that trigger the tin
droplet vaporization.

o Vacuumschmelze (Germany), Edwards (UK), and others: Build components
for magnetic shielding, vacuum pumps, and thermal systems.

This hyper-globalized network makes the EUV system not only a triumph of
engineering, but also a test of international coordination and geopolitical stability.
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If even one component supplier were cut off due to sanctions, war, or trade
disputes, the entire system could grind to a halt.

In short, ASML is not just a company—it is a nexus. And in that nexus lies the fate
of the semiconductor supply chain, and arguably, the future of digital civilization.

4. Geopolitical Shockwaves and the Taiwan Factor

In the 20th century, global conflicts were often shaped by access to oil. In the 21st
century, that vital resource has been replaced by something far smaller, lighter,
and harder to produce: semiconductors. Nowhere is this shift more evident than
in the intense geopolitical focus on Taiwan, a small island with an outsized role in
powering the global digital economy.

Why Taiwan Matters More Than Oil

Taiwan is home to TSMC (Taiwan Semiconductor Manufacturing Company), the
undisputed global leader in advanced chip fabrication. While many countries can
produce older-generation chips, TSMC manufactures over 90% of the world’s
cutting-edge semiconductors, including chips at the 3nm node and below. These
chips are essential for:

o Al training clusters and neural networks.

o High-performance CPUs and GPUs.

« Military-grade electronics and radar systems.

o Advanced medical devices and scientific instrumentation.

In a sense, Taiwan is the Silicon Shield of the modern world. It is the only place on
Earth where certain chips can be fabricated, and that makes it a strategic asset of
incalculable value. Should a military conflict or natural disaster render TSMC's



facilities inoperable, the consequences would ripple across every major economy
within weeks.

Global automakers would halt production. Data centers would freeze expansion.
Defense contractors would stall. A semiconductor shock, triggered by instability in
Taiwan, could prove even more devastating than a major oil embargo.

U.S. Efforts to Build Fabs: CHIPS Act and Arizona Expansion

Recognizing this risk, the U.S. government has begun a race to re-shore
semiconductor manufacturing. The CHIPS and Science Act, passed in 2022,
allocated over S50 billion in incentives for domestic chip production, research, and
workforce development. The act is not just economic policy—it is a national
security measure.

Intel, Samsung, and TSMC have all received significant U.S. support to build or
expand fabrication facilities on American soil. In particular:

« TSMC is building a S40+ billion fab in Arizona, with plans for multiple
phases.

« Intel is expanding its presence in Arizona, Ohio, and New Mexico, aiming to
regain process leadership by 2026.

« Samsung is constructing a massive new plant in Texas, hoping to challenge
TSMC’s foundry dominance.

These efforts are monumental, but they come with challenges. Even with funding,
building a state-of-the-art fab takes years. Skilled labor, utility infrastructure, and
equipment logistics (especially ASML EUV machines) are all major bottlenecks.
Moreover, until these fabs reach full maturity, the U.S. remains dependent on
Taiwan for its most advanced chips.

China’s Blocked Access to ASML: Tech Embargo and Global Implications

Meanwhile, across the Taiwan Strait, China has been effectively cut off from
accessing EUV lithography technology, due to export restrictions enforced by the
Netherlands under pressure from the U.S. The goal: prevent China from



developing its own advanced chips that could fuel military advancements and Al
superiority.

ASML has complied with these embargoes, even as China offers significant
economic incentives and applies diplomatic pressure. But the stakes are
enormous:

« Without EUV, China cannot produce chips smaller than 7nm at scale.

« Its domestic chipmakers, like SMIC, are forced to rely on older DUV (deep
ultraviolet) equipment.

o The gap between China’s fabrication capabilities and those of Taiwan and
the West is widening—technologically and geopolitically.

In response, China has accelerated efforts to develop its own EUV systems, but
success remains elusive. The loss of access to ASML has frustrated Beijing’s Made
in China 2025 goals, and has raised tensions over Taiwan even further.

Some analysts worry that China may attempt to seize Taiwan not just for
sovereignty, but to gain control of TSMC'’s fabs. Though the viability of this
strategy is questionable—TSMC’s technology is tightly protected and unlikely to
survive military occupation intact—it underscores the centrality of
semiconductors in modern power struggles.

In this new Cold War, chips are not just a commodity—they are the currency of
dominance. And Taiwan, perched on a geopolitical fault line, is both the prize and
the powder keg.

5. The Strategic Risk of a Single Point of Failure

Despite the image of modern technology as a web of decentralized networks and
cloud infrastructure, the semiconductor industry—arguably the backbone of all
other technologies—is strikingly centralized and fragile. At the heart of this
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fragility lies a dangerous truth: a single company, ASML, is the only source of the
machines that enable cutting-edge chip production. And those chips, in turn,
power everything from missile defense systems to smartphones.

This is the textbook definition of a single point of failure—and in a world
increasingly shaped by geopolitical instability, cyberattacks, pandemics, and
environmental shocks, this concentration of capability is not merely inconvenient;
it is existentially risky.

Supply Chain Fragility and the Potential Consequences of Disruption

The global semiconductor supply chain is not just complex—it is brittle. Chips pass
through dozens of countries and thousands of subcontractors before reaching end
users. A delay in one step—a rare metal shortage, a transport bottleneck, a
customs holdup—can cascade across entire sectors.

But unlike disruptions to other parts of the supply chain, a disruption to ASML’s
operations could halt the entire advancement of chip technology itself. There are
no backup vendors. No alternative supply. No quick fixes.

If an earthquake, military strike, cyberattack, or internal failure shut down ASML’s
production in Veldhoven, it could delay next-generation chip production for years.
The backlog of orders would remain unfulfilled. Fabs built in Arizona, Texas, and
Dresden might sit idle, waiting on key EUV machines that never arrive.

Consequences could include:
o Tech company stagnation, as Moore’s Law hits a wall.
« Defense delays, as military systems lack needed chips.

o Economic slowdown, driven by constrained Al, automation, and consumer
electronics.

« Market chaos, as investors lose confidence in key technology sectors.

The world saw a preview of this vulnerability during the COVID-19 pandemic,
when even minor disruptions caused a global chip shortage that crippled auto
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production and sent prices soaring. But that was with legacy chips. If advanced
nodes become inaccessible, the effects would be far broader and longer lasting.

What If ASML Stopped?
The nightmare scenario is not far-fetched. Consider the chain of possibilities:

» Geopolitical tensions escalate between the West and China, and ASML is
targeted through cyber or kinetic means.

o Export restrictions become politicized, and ASML is prevented from serving
key global markets.

« Supply chain sabotage, targeting any of ASMLU’s critical suppliers—like Zeiss
optics in Germany, or Cymer in the U.S.—halts assembly of machines.

« Internal disruptions, like labor shortages or industrial accidents, delay
production indefinitely.

In each case, there is no immediate replacement. While companies like Nikon and
Canon once vied for a role in advanced lithography, they abandoned EUV
development years ago. Building a new EUV machine from scratch could take a
decade or more, even with unlimited funding and political will.

The dependency on ASML is not just a technical issue—it is a strategic
vulnerability embedded in the entire architecture of the digital age.

The Broader Lesson: Complexity vs. Resilience

The semiconductor crisis reveals a core paradox of modern civilization: as our
systems become more complex, they often become less resilient. The very
technologies that allow us to build global, high-speed, cloud-connected
infrastructures are also reliant on increasingly rare skills, materials, and tools that
are controlled by very few entities.
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This raises urgent questions:
o How can nations and companies balance performance with robustness?

« lIsit wise to pursue cutting-edge efficiency at the cost of systemic
redundancy?

« Should governments treat semiconductor infrastructure like they do water,
power, and food—as critical to survival, and therefore in need of buffers
and backups?

In essence, the semiconductor industry has become a mirror for the broader
world: streamlined, interconnected, and incredibly powerful—but deeply exposed
to cascading failures.

6. Can the West (or Anyone) Break the Monopoly?

The dominance of ASML in EUV lithography has created a paradox for global
powers and private industry alike: the relentless drive for technological
advancement now depends on a company no single nation controls. This has
prompted a wave of strategic soul-searching across the globe. Can the West—or
any global alliance—build a viable alternative? Or is ASML's monopoly on the
future of chipmaking so deep, so technical, and so networked that it's functionally
irreplaceable?

Governments and corporations are waking up to the risks, and a growing number
of efforts are underway to build alternatives, leapfrog EUV, or at least build
strategic redundancy. But breaking a monopoly of this complexity is no simple
feat. The challenge is not just political or financial—it’s deeply physical, scientific,
and infrastructural.

Ongoing U.S. and Japanese R&D Efforts

The United States has begun a quiet but urgent campaign to reclaim a foothold in
semiconductor equipment manufacturing, with EUV at the top of the list. While
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the CHIPS and Science Act focuses primarily on fab construction and chip design,
there are signs of increasing interest in federally supported lithography R&D.

National laboratories, university consortia, and DARPA-funded programs are now
exploring post-EUV pathways, while also considering how to rebuild deep
ultraviolet (DUV) and early-stage EUV capabilities domestically. But the lead ASML
has built over 20 years—both in technology and its supply chain—is daunting. It’s
not just about the machine; it’s about the expertise ecosystem needed to build,
operate, and maintain it.

Japan, once a leader in semiconductor tools, is also reasserting itself. Canon and
Nikon still manufacture DUV lithography systems and are re-entering the race with
government backing and a new focus on niche lithography for specialty chips.
Japan’s strength lies in its deep technical heritage and its world-class materials
science—critical for next-gen optics and high-purity substrates.

These joint efforts may not rival ASML head-on today, but they are planting seeds
for a post-monopoly future.

High-NA EUV: What’s Next and Who Controls It

Even as the world struggles to catch up with EUV, ASML is already moving to the
next frontier: High-NA (Numerical Aperture) EUV. This next-generation lithography
system will offer higher resolution, finer patterning, and better yield, potentially
enabling nodes below 2nm and ushering in a new phase of Moore's Law.

High-NA EUV systems are even larger, more complex, and more expensive than
current EUV machines—pushing cost and expertise barriers even higher. Only a
handful of companies will even be able to buy and install them, let alone master
the intricate process integration they demand.

As of now:
o ASML is the only company developing High-NA EUV.

« Intel has already received one of the first test machines.
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o TSMC and Samsung are next in line, but installation will take years.

This means the world is not just dependent on ASML today—it will likely remain
dependent for the foreseeable future, unless a serious technological or economic
shift occurs.

Alternatives: Nanoimprint Lithography, Multi-Beam Electron Lithography, and
More

Despite ASML's dominance, researchers and startups around the world are
exploring alternative lithography techniques—some as backups, others as
potential breakthroughs.

1. Nanoimprint Lithography (NIL)

NIL involves stamping patterns onto wafers with physical molds, offering sub-
10nm resolution with lower cost and complexity than EUV. Companies like Canon
and Molecular Imprints (acquired by Canon) have made significant progress, and
NIL is already used in photonic and memory devices.

Challenges:
o Slow throughput
« Defect control
o Mold wear and reproducibility

Still, NIL remains a viable candidate for niche applications and could scale with
proper investment.

2. Multi-Beam Electron Lithography (MBE)

Unlike EUV, MBE uses arrays of electron beams to write patterns directly on
wafers. This method bypasses optics and masks entirely, offering extreme
flexibility and resolution.

Companies like IMS Nanofabrication (acquired by Intel) and startups like Abeam
Technologies are leading this charge.
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Challenges:
o Speed limitations
o Beam alignment precision
« System stability at scale

MBE is promising for maskless prototyping and specialty chip design, but still far
from replacing EUV at high volume.

3. Direct-Write Lithography and Interference Patterning

Emerging methods using coherent light interference, quantum dots, and
programmable masks are being explored in academic and defense labs. These
could, in theory, produce ultra-fine patterns with fewer moving parts.

But all of these approaches face the same problem: they are not yet ready for
mass production at scale—especially at the throughput levels needed by data
centers, mobile chips, and Al accelerators.

Can the Monopoly Be Broken? Or Must It Be Managed?

At this stage, the monopoly is not just technological—it’s structural. Breaking it
will require decades of coordinated investment, talent development, and
ecosystem rebuilding. While it is conceivable that multiple countries and firms
could collectively develop alternatives, the current state of play suggests a
different approach:

Diversify supply where possible

Invest in dual-path R&D for redundancy

Protect and internationalize ASML's supply chain rather than isolate it

nation

Support allied ecosystems to reduce overdependence on any single firm or
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In a world as interconnected and high-stakes as semiconductor manufacturing,
true sovereignty may come not from independence, but from interdependence
with trust.

7. Conclusion: A Race Against Time

The semiconductor supply chain is no longer just an industrial concern—it is now
a matter of global security, economic stability, and national sovereignty. The race
to control, secure, and evolve chipmaking capabilities has become the defining
technological arms race of the 21st century. And unlike the nuclear age, which was
dominated by governments, this new era is being shaped as much by private
corporations, foreign suppliers, and a handful of critical technological
bottlenecks—none more important than ASML.

This is a race against time, and the clock is ticking on multiple fronts: geopolitical
instability, supply chain fragility, economic volatility, and the escalating pace of
technological change. The world must act—quickly and with clarity—to avoid an
over-concentration of power, capability, and risk in just a few hands.

Balancing Efficiency with Sovereignty

For decades, the semiconductor industry optimized for efficiency and
performance above all else. Companies pursued leaner inventories, outsourced
production to lower-cost regions, and streamlined global supply chains. That
model worked—until it didn’t.

The pandemic, followed by geopolitical flashpoints such as the U.S.-China tech war
and the Taiwan crisis, exposed the fragility of that hyper-efficient architecture. The
world learned that being dependent on one company (ASML), one region
(Taiwan), or even one mode of lithography (EUV) is not resilience—it’s risk
disguised as progress.
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Moving forward, nations must strike a new balance:
« Efficiency is essential for economic viability.
« Sovereignty is essential for security and continuity.

Building redundant, domestically anchored, or at least geographically diversified
capabilities is not wasteful—it is a strategic imperative.

The Need for International Cooperation—or Strategic Independence

The path forward presents two broad choices—both challenging, both necessary
in different contexts.

1. International Cooperation

In a globally interlinked economy, the ideal solution would be to treat
semiconductor infrastructure as a shared global commons, with transparent trade
policies, protected supply chains, and cooperative development programs.
Multilateral partnerships could pool R&D investments, share foundry capacity, and
coordinate export policies to avoid economic hostages or tech blockades.

Such cooperation is already being seen:

o The U.S., Japan, and the Netherlands coordinating export controls to limit
China’s access to advanced lithography.

o TSMC, Intel, and Samsung participating in cross-border fab investments.
« Academic collaborations in post-EUV research.

But these alliances are fragile and vulnerable to political shifts. Trust is scarce. And
national priorities often diverge in moments of crisis.

2. Strategic Independence

Given the high stakes, some nations—especially the U.S. and China—are choosing
to pursue independence at all costs. That means:
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o Rebuilding domestic fabs.

» Investing in national equipment suppliers.

» Stockpiling critical materials.

« Training new generations of semiconductor engineers.

While costly and slow, this path provides the kind of long-term resilience that
could prove vital in the event of war, sanctions, or internal collapse in any major
supplier state.

But strategic independence cannot mean isolation. Even the most powerful
countries rely on global ecosystems. The goal is not autarky, but autonomy with
interoperability.

What Must Be Done Now to Ensure a Stable Technological Future

If we are to avoid catastrophic disruptions and build a sustainable future for the
digital age, several urgent steps must be taken:

1. Invest in Redundancy, Not Just Innovation
o Fund multiple paths to chip production (EUV, NIL, electron beam).
o Build strategic reserves of rare materials.
o Develop backup fabs for critical nodes.
2. Strengthen the Workforce Pipeline
o Incentivize semiconductor engineering degrees.
o Establish global centers of excellence.

o Promote cross-border exchange of talent and training.
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3. De-risk the ASML Bottleneck
o Protect its physical infrastructure.

o Support secondary tooling companies in optics, lasers, and vacuum
systems.

o Encourage joint ventures that diffuse technological concentration.
4. Establish a Global Semiconductor Accord

o Much like the IAEA governs nuclear safety, a neutral consortium could
oversee global chip supply stability, transparency, and fair access.

o Include security protocols to prevent intellectual property theft and
sabotage.

5. Align Strategic Interests with Ethical Use

o Advanced semiconductors power Al, surveillance, and autonomous
weaponry.

o A global dialogue must begin now about the ethical boundaries of
their deployment.

The semiconductor age has matured—but its infrastructure remains dangerously
youthful, under-defended, and over-optimized. We are living in a moment when
the next breakthrough could bring peace or conflict, prosperity or collapse,
depending on how well the foundations are built and secured.

This is not just about chips—it is about civilization’s ability to keep evolving
without losing control of the tools we’ve built. And in that sense, this race is not
just technological. It is existential.
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Epilogue: Echoes from the Quantum Frontier

Sixteen months ago, in Quantum Dilemmas: The Present-Day DARPA-ASML
Alliance, we warned that the intersections of quantum computing, defense
interests, and lithographic control would not merely define the next technological
epoch—they would reshape the architecture of global power. At the time, the
alliance between DARPA and ASML seemed like a strategic marriage aimed at
pushing the boundaries of what was computationally possible. But now, in early
2025, we see with greater clarity that this union was also a harbinger—not just of
innovation, but of centralization, dependency, and fragility.

In that earlier work, we explored how quantum supremacy would demand not
only new materials and new algorithms, but also unprecedented precision in
manufacturing—precision that only ASML, with its EUV mastery, could deliver. The
seeds of monopoly, we realized then, were being watered by both scientific
ambition and geopolitical anxiety.

The present paper, while rooted in the classical semiconductor landscape, is an
evolutionary sequel. It reflects the consequences of those early alignments:

o A world where EUV bottlenecks delay not just chip shipments but national
strategic roadmaps.

o A market where quantum-ready chips depend on toolsets controlled by one
company, in one country, with one fragile supply chain.

« An environment where scientific frontiers and defense postures are no
longer merely related, but inextricably entangled.

What Quantum Dilemmas laid out as possibility has now crystallized into policy.

The DARPA-ASML axis is no longer just a speculative alliance; it is part of a broader
Western strategy to contain adversaries, accelerate breakthroughs, and preserve
control. But it also leaves open urgent questions we raised at the end of that
book:
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« Who governs this concentration of capability?

« Can open science survive when critical knowledge is cloaked in defense
secrecy?

« And perhaps most dangerously: what happens when the tools of
enlightenment become instruments of escalation?

In that earlier work, we concluded that the race for guantum dominance would
outpace our ethical and institutional frameworks unless deliberate, multilateral
safeguards were put in place. That remains true. But today, we must expand the
conversation: it is not just the race for quantum computing that demands
oversight—it is the very machinery that enables it.

EUV lithography, Al-driven design, advanced packaging, cryogenic computing,
quantum photonics—these are no longer isolated disciplines. They are nodes in a
converging web, and the stronger that web becomes, the more vital it is to ask:
What happens if it snaps?

This paper has aimed to expose and contextualize the most glaring structural
weakness in that web—the reliance on ASML. But in doing so, it has also revealed
a deeper truth: our technological future cannot be built solely on ingenuity. It
must be built on intention.

And perhaps that is the final bridge between Quantum Dilemmas and the present
work:

—The recognition that progress without redundancy is not innovation. It is
acceleration toward risk.

Let those who read both works see them not as a warning and a sequel, but as a
pair of signals in a still-coalescing age, pointing toward a single imperative:
Build not just faster. Build safer. Build together.
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