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Al, autonomous driving, and smart manufacturing are among the leading trends for digital transformation,
with semiconductors being integral to these advancements. The EU has the potential to revitalize its
semiconductor industry, but this can only be achieved through the development of a comprehensive
ecosystem and by harnessing the strengths of local players in the value chain. Merck, a leading materials
and equipment supplier based in Germany, has been an innovative and transformative partner for
semiconductor players worldwide. We have applied our Materials Intelligence to unlock next-generation
chips by combining our expertise in chemistry, physics and science with Al solutions. In this talk, we will
explore the areas that require the collective attention of EU semiconductor players today to ensure our
mutual growth and success in the future. This includes fostering closer collaboration across the value chain,
expanding production capacity, strengthening supply chain resilience, and nurturing materials innovation to
align with future technology roadmaps.
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Two-Dimensional (2D) materials are among the top candidates for enabling continued scaling of
microelectronics due to their atomically thin nature and attractive properties. Transition metal
dichalcogenides (TMDCs) range from semiconductors to (semi)metals. Semiconducting TMDCs including
MoS, and WS; have attracted attention for future nano(opto)electronics. Yet, deposition processes producing
uniform, thickness-controlled films on wafers and three-dimensional structures required to fulfil these
promises are lacking. Additionally, meeting the thermal budgets of different applications is a major challenge.
ALD, a method already in widespread use in the semiconductor industry, can meet these requirements. In
this talk, | will discuss both successes and remaining challenges in ALD of 2D materials. One direction we
have pursued is broadening the process toolbox to include materials with higher band gaps (ZrS., HfS,
SnS,) or metallic nature (e.g. TiS,). The flexible nature of TMDCs also make them an attractive choice for
flexible electronics, yet deposition processes compatible with typical polymer substrates are lacking. | will
discuss a record-low temperature plasma-enhanced ALD process tailored for this challenge.

Beyond energy-efficient electronics, electrocatalysis is a key process in creating a sustainable future based
on renewable energy. One promising application of TMDCs is in water splitting as an alternative to scarce
and expensive platinum as the hydrogen evolution reaction (HER) catalyst in acid (proton exchange
membrane electrolyzers). Beyond electronics, TMDC ALD processes can be used to synthesize both model
catalysts for fundamental studies and industrially relevant, high-performance catalysts on high surface area
supports that minimize the required catalyst loading.

The overarching theme of my talk is the key role that ALD chemistry plays in realizing scalable synthesis of
2D materials for semiconductor as well as energy applications of the future
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