Semiconductor Gas Market Heating Up

The ongoing semiconductor chip shortage is impacting the global supply chain across
industries. Significant additional investment is needed to support the demand and,
similar to chemical sub-verticals such as active pharmaceutical ingredients, thereis a
movement for further onshoring of production. The CHIPS act, which finally passed
the House vote recently, will provide $52 billion in grants and subsidies to support the
semiconductor industry. One of the major points that members of Congress leaned on
was the decline of America’s semiconductor manufacturing market share from ~37% in
1990 to ~12% today, which has been further exacerbated by the recent shortage. There
is also significant demand for semiconductor gas providers globally, with Linde alone
having signed up over $1billion in new electronics projects within the last year. On the
U.S. front, Air Liquide recently announced a $60 million investment to support a new
semiconductor fab operation in Phoenix, Arizona (expected to be operational by the
second half of 2022). In January 2022, Intel announced their plans to spend more than
$20 billion for two new factories in Ohio to provide a much needed boost to domestic
semiconductor production. Significant additional investments are expected in the U.S.
for new fabs over the next five years to support the anticipated long-term demand.

Semiconductor demand continues to accelerate with the fourth industrial revolution
underway and the acceleration of the Internet of Things, 5G and autonomous vehicles.
With these expanding demands, semiconductor companies are facing greater material
requirements, more complex architectures and a further miniaturization push. More
advanced contamination control is needed to keep up with the increasing die size and
the demand for smaller nodes — semiconductor gas providers will play a critical role in
helping to facilitate the technological requirements.
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Semiconductor gas solutions are critical to the production of semiconductors. There are
multiple gas applications, including (i) chemical vapor deposition, (ii) photolithography,
(iii) etching, (iv) doping, (v) annealing and (vi) chamber cleaning. An important element
for performance is fluorine, which is frequently used in chemical vapor deposition
processes to remove particles and film from the surfaces of the vacuum chamber. The
use of fluorine can allow manufacturers to decrease their use of greenhouse gases to be
more environmentally compliant. Fluorine does not absorb infrared radiation or convert
it to energy, giving it a global warming potential factor of zero. It is also a faster acting
cleaner than traditional greenhouse gases. Fluorine is the most electronegative element
on the periodic table of elements and with that carries greater risk of reactivity and
toxicity, which requires highly specialized semiconductor gas providers.
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Semiconductor Gas Solution Processes

Our Perspective

I.  Inchemical vapor deposition, gas, including helium and fluorine options, is

used to maintain tight tolerance temperature levels while the semiconductor The semiconductor research
substrate is brought to the appropriate temperature to trigger the desired gas market is a highly
reaction. specialized sub-segment

Il. Inphotolithography, hydrogen is needed to react with the tin hydride so that within the chemicals and
it does not deposit on the semiconductor while the image is being transferred materials arena. With
onto the substrate. the semiconductor chip

[1l. Inetching, the shape and pattern from the photolithography process short?ge.mghllghtlng the
is permanently etched on, etchant gases are frequently carbon-based, need forinvestment as well
containing fluorine, and react at the substrate level to drive the selectivity of as the demands for more
the target film. domestic manufacturing

IV. In doping, atoms are added to semiconductor material to drive the conditions SOHICES, there will be. .
under which the semiconductor layer will conduct electrons - arsine and increasing opportunities for
phosphine are used here to help manage this delicate process. companies, both large and

small, to serve this high-

growth industry. Given the
technical barriers to entry

VI. Inchamber cleaning, gases such as nitrogen trifluoride are used to fully purge in this field, we expect M&A
the chamber between process steps as even trace levels left behind can activity to accelerate further
unbalance the reaction. over the coming years.

V. Inannealing, an existing film layer is modified by a reaction with hydrogen or
oxygen at high pressures and temperatures.

Domestic semiconductor

The semiconductor gas market is a global industry with major players including Air
I Y 9 sag InGUSHry Wl JOr players INCluding Al manufacturers will be under

Liquide, Air Products & Chemicals, lwatani, Linde, SK Materials and Versum. There

is though an opportunity in the market for smaller, more focused providers of high- increasing pressure to utilize
purity applications and differentiated compression capabilities. Difficult to source domestic sources if they can
and difficult to handle materials can also provide a major point of differentiation for provide similar or better gas
specialty gas providers who are able to adeptly provide safe solutions there. From the solutions and the recently
M&A vantage point, Merck’s nearly $6 billion acquisition for Versum at a 14.5x EV / passed CHIPS act is geared
LTM EBITDA multiple still serves as the near-term light post in the space. towards incentivizing this

Safety is paramount when it comes to semiconductor gas handling and production. SR

In order to achieve an optimal level of performance, gases must be handled with
great care as they can become unstable depending on the phase of the production
process and need. This demonstrated experience and ability to perform can serve as a
meaningful barrier to entry for companies in the space. The ability to produce high-
purity gases is also often a process that involves significant trade secrets and tribal
knowledge. The development of next generation gases is already underway and will
play a major role in enabling more advanced semiconductor production.

For other perspectives, please visit us at www.lincolninternational.com/perspectives

Interested in learning more? Get to know Lincoln’s chemicals team at www.lincolninternational.com/chemicals.
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