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Business Driven
by Co-creation

What to change, with
whom, and how?

Resonac x Who: Dialogue (1)

The JOINT3 challenge is changing
semiconductors—and the lifestyles of tomorrow

Within advanced semiconductor packaging technology, Resonac and Tokyo Electron have each driven technological
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innovation in their respective domains of materials and equipment. Sumie Segawa, a Vice President & General

Manager at Tokyo Electron, and Hidenori Abe, Corporate Officer and CTO for Semiconductor Materials at Resonac
Holdings, discussed their two companies’ path ahead in JOINT3 and what future Japan stands to gain from advances

in semiconductors.
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The growing need for technological innovation in
back-end processes is shifting the semiconductor
industry’s key themes to “integration” and “co-
creation”

Abe: Looking back over more than 70 years of semiconductor
history, | believe it has been the front-end processes that have
driven advances in added value. As Moore's Law, which
predicted the growing number of components on an integrat-
ed circuit, demonstrates, the history of semiconductors is one
of improving performance and efficiency by pushing miniatur-
ization to its limits. The back-end processes, by contrast, were
responsible for functions such as protecting chips in semicon-
ductor packages, and were not considered particularly high in
added value.

Segawa: The key driver of semiconductor advancement so far
has been patterning technology, which is used in the front-end
process to draw extremely fine electronic circuits at the
nanometer scale on wafers. Tokyo Electron has supplied
front-end equipment including deposition, coating and devel-
oping, etching, and cleaning systems. Delivering highly special-
ized equipment for each of those processes is at the core of
our business.

Abe: In the 2020s, with front-end miniaturization reaching the
angstrom* scale, the physical limits of front-end advancement
are drawing near. As a result, back-end processes are begin-
ning to attract attention. This mounting technology, known as
advanced semiconductor package, integrates multiple differ-
ent semiconductor chips into a single package, dramatically
improving data transfer speeds and power efficiency.

In advanced semiconductor package, organic materials are
used in large quantities alongside equipment, so the materials
themselves affect the performance of the overall semiconduc-
tor. In other words, we recognize that the importance of
functional chemical companies like Resonac is growing across
the semiconductor industry as a whole.

* Aunit used to express extremely small lengths, such as the size of

atoms or molecules, or the wavelength of visible light. 1 A equals 0.1
nanometers (100 picometers).

Chapter 3
What to Do Together
With Whom?

Segawa: As Mr. Abe notes, miniaturization is becoming
increasingly difficult in front-end processes. So, we equipment
manufacturers and our customers are collaborating more
closely, and the drive to accelerate process development is
intensifying.

Abe: With semiconductors now entering a new phase of
evolution, Al semiconductors are at the center of demand.
Historically, application processors for PCs and smartphones
have driven semiconductor evolution. However, those were
ultimately B2C devices, and the semiconductor packages used
in them were priced at roughly $10 to $20 per unit. But the rise
of Al semiconductors has expanded the B2B market and
driven up unit prices, making it increasingly common for a
single semiconductor package to carry a price tag in the tens
of thousands of dollars. As higher performance demands
better materials, the price range for those materials has of
course shifted substantially from what it once was.

Segawa: The shift to higher-value-added processes has had a
big impact. Collaboration among manufacturers has long been
common in this industry. The emergence of expensive Al
semiconductors has increased the importance of yield, fueling
demand for processes that minimize waste of costly chips.
This is driving what might be called the “front-end migration
of back-end processes.”

We are primarily a front-end equipment manufacturer, but
as back-end equipment processes migrate toward the front
end, we see new business areas emerging, including 3D
packaging systems and test systems.

Mr. Abe, how do you view the potential of these new busi-
ness areas?

Abe: There is no doubt that the Al semiconductor trend will
continue to expand. What we are watching closely is the size
of semiconductor packages. To integrate more chips and
increase computing power, semiconductor packages must
keep growing in size. Larger semiconductor packages will
give rise to challenges involving warpage and reliability. How

to address those challenges is one major issue. There is also
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another consideration: as performance demands increase, the
heat generated will continue to grow. If that heat cannot be
properly managed, normal operation becomes difficult, so we
see a significant rise in demand for heat dissipation materials.
Segawa: Beyond an era focused on the performance and value
of individual logic and memory devices, there is now demand
for diverse ways of creating value and problem-solving
capabilities. When it comes to generating ideas for such
combinations, there are likely limits to what a single company
can achieve on its own.

On top of existing device technology roadmaps, customers
are now gaining a range of options. In that environment, there
will inevitably be cases where collaboration is essential to
reach the market ahead of the competition. It is fair to say that
cross-industry co-creation between companies is becoming

increasingly important.

JOINT3: evolved from JOINT2 as a new hub for
value creation

Abe: One such new challenge in response to these market and
societal changes is JOINT3.

For 30 years, we have operated the Packaging Solution
Center*, evaluating materials using test vehicles. Within that
framework, we launched JOINTZ2, the predecessor to JOINT3,

as a consortium for developing next-generation

semiconductor package mounting technologies. 14 equipment,
material, and substrate manufacturers participated in the
consortium, which had been active since 2021.

At that time, we had not anticipated that Al semiconductors
would expand to this extent. Even so, by engaging with
technologies expected to emerge, Resonac predicted the
increase in package size and the shift of interposers from
wafers to panels, and repeatedly conducted basic
experiments.

Segawa: Resonac had anticipated the current trends and was
already preparing for them. How did that work come together
as the JOINT3 project?

Abe: JOINT2 was originally scheduled to conclude in 2026. As
we thought through the next move, we began seriously
exploring how to address the shift to panelization. Moving
from wafers to panels is not as simple as it sounds. Through
our research at JOINT2, we had learned firsthand that scaling
up introduces significant challenges in warpage and
uniformity.

Without an integrated line combining higher-performance
equipment with higher-performance materials for evaluation,
R&D cannot move forward—no matter how much time passes.
We believed many equipment and material manufacturers
shared these concerns, so we took the lead in discussing them
with various companies. Those discussions confirmed that

everyone held exactly the same view. However, test vehicles

* Packaging and Power Solution Center (Shinkawasaki, Kawasaki City, Kanagawa Prefecture)

JOINT3 aims to further accelerate open
innovation. Japanese companies each have
their unique strengths. By uniting those
strengths, we want to create a new market
standard.

Technological convergence between front-end and
back-end processes, aimed at achieving greater
semiconductor performance and functionality, creates
new business opportunities. Catching that wave and
taking on new challenges and difficulties open the way
to the future. We aim to grow, sometimes competing,

sometimes collaborating.

for large-format panels are currently almost impossible to
obtain, even when a fresh evaluation is needed. We reasoned
that, if this was something everyone needed, the consortium
model was the right approach again. So, we built a manufactur-
ing and prototyping line for large-format panels. We launched
JOINT3 as a venue capable of demonstrating an end-to-end
process flow and accelerating the R&D of equipment and
material manufacturers.

What led Tokyo Electron to join JOINT3?

Segawa: We are a semiconductor manufacturing equipment
manufacturer, and we saw this as an opportunity for new
manufacturing equipment markets to emerge beyond our
wafer processing equipment.

The back-end process market has existed for some time,
and its players are already well-established. However, we
were confident that this technological change would create an
opportunity for front-end equipment manufacturers like us to
enter a back-end market that is shifting toward the front end.

We have display manufacturing equipment technology for
handling flat, rectangular panels. We also have equipment
technology for handling round semiconductor wafers. Draw-
ing on the synergy of these two technologies, we aim to enter
new markets. That said, back-end and front-end processes are
genuinely different worlds. We want to learn from Resonac, a

back-end veteran, and gain knowledge through co-creation.
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We decided to join JOINT3 because we hope to build a mutual-
ly beneficial relationship—one where we deepen discussions
with customers and other equipment and material manufactur-
ers, use the forum as a place to learn process evaluation, and
give participants easy access to Tokyo Electron equipment.
Abe: | had known Ms. Segawa for years, but | never imagined
we would work together in this way, so | was surprised when |
received word of her participation. Having a company with
Tokyo Electron’s reputation endorse our vision and join us in
pursuing the new business opportunities in advanced semi-
conductor package was a genuine delight. For JOINT3 as well,
the offer was greatly appreciated as an opportunity to demon-
strate more broadly to the world that we are capable of
conducting cutting-edge R&D.

Segawa: Resonac has raised its profile to the point where its
name now comes up whenever Al semiconductors are dis-
cussed. As back-end processes grow in importance within the
semiconductor industry, societal expectations of Resonac are
rising as well. It will surely become an indispensable company
in Al semiconductors in the near future. We would be delight-

ed to build the future together with a company like that.
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As a forum where the full picture of the process is
visible, JOINT3 will accelerate open innovation and
energize Japan as a whole

Abe: JOINT3 is currently building a dedicated research and
development base named APLIC*'in Ibaraki Prefecture.

A challenge with JOINT2 was that, because it was operated
at our Shinkawasaki site, which was also used for other
purposes, we were unable to provide participating companies
with many opportunities to engage in hands-on work. As a
result, the degree of open innovation fell short of
expectations.

Once APLIC is complete, many equipment manufacturers
and material manufacturers will be able to gather in one place
and conduct experiments together. Engineers with different
areas of expertise will be able to engage in deeper discussions
around shared issues and challenges. This will not only
accelerate technological development, but may also generate
insights that would not have emerged otherwise. We expect
JOINT3 to accelerate open innovation further than ever
before.

*1 Advanced Panel Level Interposer Center

Segawa: We believe this kind of open innovation forum is
especially important for Japan. The reason is that more than
90% of the components that make up our equipment come
from suppliers in Japan. Each Japanese company brings
distinct strengths. If those strengths can be combined to raise
Japan'’s presence in the new market for semiconductor
panels, every participating company in JOINT3 stands to
benefit. JOINT3 is the formation that best uses Japan's
geographic advantage.

Abe: Japan has a truly strong base of supporting industries.
Japan’s material manufacturers are strong in part because
Japan's raw material producers are strong.

Recently, however, because each customer conducts its
own R&D, customers have fewer opportunities to see the

overall picture and structure that emerge when technologies
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are combined. As a result, it becomes harder for universities
and companies doing raw materials research to envision what
they should be creating in the future. JOINT3 is intended to
serve as a new hub for technological development, where
these individuals can meet, exchange information across
disciplines, and share ideas freely, fostering innovation.

We held discussions with approximately 140 companies and
established JOINT3 with the 27 companies*? that agreed to
join us. Among them was an instrument manufacturer focused
on measurement, a category we had not previously anticipat-
ed. It reminded us that every company faces the same con-

cerns and challenges.

*2 HORIBA Advanced Techno joined in May 2026, bringing the current
total to 28 companies.

Making our mark in the semiconductor market and
shaping a new era

Abe: The trend of shift to panelization has advanced faster
than we anticipated, and the move from wafers to panels is
already underway. With an eye toward the point when panel-
ization technology will be needed in earnest, we must advance
technological development centered on JOINT3.

Segawa: By combining Resonac’s materials, Tokyo Electron’s
equipment, and the strengths and insights of many other
participating companies, we expect solution development to
advance at an unprecedented pace.

Abe: We want to advance R&D collaboratively so that the
materials and equipment created by participating companies
become the market standard.

Segawa: Advancing panelization will also lower manufactur-
ing costs and accelerate the adoption in the Al device market.
That will enrich people’s lives, and the challenges we took on
to make it happen will shine all the brighter for it.

Abe: Let us push each other to grow so that our co-creation
centered on JOINT3 can be the driving force that shapes that

new era.
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- Resonac’s Products and Its Co-creation “Kata” Supporting Al Semiconductors

Solution proposals based on our in-depth knowledge of chemistry and understanding of semiconductor devices

Contributing to accelerating the development of advanced
devices as a leading semiconductor materials company

The rise of generative Al is driving growing demand for semiconductors and accelerating technological innovation. Lower energy consump-
tion alongside improvements in performance are important for Al semiconductors. Amid demand for greater efficiency, the miniaturization of
front-end processes is reaching its limits, and the key to achieving further advancements has now shifted to the back-end processes. In the
back-end processes, we propose an optimal combination of materials that are tailored to customer needs. Resonac is leveraging its diverse
material technologies and expertise to meet even detailed requirements, advancing game-changing transformations in the semiconductor
industry with a focus on co-creation.

“Global share No. 1*' semiconductor material portfolio” supporting the evolution of Al processors
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Packaging and Power Solution Center

Resonac’s Packaging and Power Solution Center is a research

and development base involved in the manufacturing processes
for structures, verification of reliability, and feedback on the
Company’s materials. Its activities are focused on advanced
semiconductor packages (including those for Al), and power
devices used in the power supply systems of data centers and
other facilities. The Shinkawasaki site draws on 30 years of
knowhow in packaging material evaluation to lead the JOINT2

We have established JOINT3, a co-creation evaluation framework
comprising Resonac Corporation and 27 other semiconductor
material, equipment, and design tool manufacturers from Japan,
U.S., Singapore, and other countries. We have also launched the
Advanced Panel Level Interposer Center (APLIC), which uses a
515 x 510 mm panel-level organic interposer prototype produc-
tion line for the co-creative development of materials, equipment,
and design tools suitable for panel-level organic interposers.

and JOINT3 consortia. It serves as a core facility for consolidating
the materials and equipment technologies of participating
companies, as well as the prototyping and verification of
advanced semiconductor packages. The Oyama site provides
one-stop services ranging from the prototyping of power devices
to verification, based on customer requirements. As a core facility
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*1 Source of the global share No. 1: Fuji Chimera Research Institute “2024 Electronics Packaging New Materials Handbook": Glassbased copper-clad laminates (for packages), 2023 actual results
(value); Dry film resist, 2023 actual results (shipment value); Underfill for first-level assembly, 2023 actual results (volume and value); Photosensitive insulating materials* / buffer coat and
redistribution layer formation materials, 2023 actual results (volume; *products from HD Microsystems, a Resonac group company)

*2 Fuji Keizai “2025 Semiconductor Materials Market: Current Status and Future Outlook”: Die attach film, 2024 actual results (volume); CMP slurry (for STI), 2024 actual results (value)

with customers
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