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Abstract
The semiconductor industry is of course the enabler of digitization, but some commentators have pointed out
the irony that it lags behind other industries in its own adoption of digital practices of "Industry 4.0". Looking 
in particular at R&D, the cost of achieving each successive technology node continues to climb steeply. With 
the 5 nm node estimated to cost a company $0.5bn in R&D, immense savings could be made through 
increased digitization of R&D activities. Such changes will be natural for today's workforce of digital natives, 
who access data on the cloud, share information in social networks and dial in to meetings online regardless 
of geography.

Another aspect of the digital revolution is the transformative effect of easy access to vast computing power, 
and here too the semiconductor industry can benefit from its own technology. In the ideal situation, 
hypotheses will be tested first in simulation, as this should be both cheaper and more systematic than lab-
based experiments. Looking at materials and process R&D, we discuss whether simulation software has 
achieved the accuracy, ease-of-use and robustness to allow this. We also focus on how to bridge gaps in 
expertise. Finally, we consider examples of machine learning in materials R&D and how improvements in 
data curation are needed right across the R&D landscape.
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Abstract
Nowadays, the device scaling driven by the Moore’s law is continuing by the deployment of the 0.33NA 
extreme ultraviolet lithography (EUVL) in high volume manufacturing for single print and multi-patterning 
schemes further driven by the need to improve cycle time and cost. To further simplify and improve EUV 
patterning reducing cost and enable 2nm technology and below, high NA EUV lithography is under 
development and in 2023 imec and ASML will open a high NA EUV Lab, where the first high 0.55NA scanner
will be installed.
At the same time, as the nanoscale is pushed further down, the stochastic nature of the patterning process 
becomes one of the major patterning roadblocks. To enable the high NA technology new knobs and faster 
learning cycles on patterning process development are needed to improve the process window and minimize
the stochastic patterning defectivity issues. Lithography solutions can’t afford alone the stochastic 
challenges; thus, the etching and thin film processes become essential to holistically offer, together with the 
lithographic process, novel clean pattering solutions. This presentation will show the latest development on 
EUV patterning materials and their challenges and provide an insight status of overcoming these obstacles 
towards high NA.
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Abstract
Metals are the simplest of solids and copper is probably the best known and most studied of all. The 
properties of copper metal of macroscopic dimension are well understood. However, the same cannot said 
when copper is reduced to nanoscale dimensions. Like most metals, copper is a granular solid comprised of 
grains with boundaries between them. Here in this talk we focus on what we have learned about nanoscale 
copper by using scanning tunneling microscopy and molecular static simulations. In particular we visualize 
for the first time the 3D structure of grain boundaries (GBs) that emerge at the surface of nearly coplanar 
copper nanocrystalline (111) films. Remarkably, we find that GBs at surfaces are different from those in the 
bulk. We show that GBs in metals actually prefer to lie along close packed planes which in turn necessitates 
the tilting and restructuring of the boundary as it approaches the (111) surface. The restructuring depth can 
be a few to several tens of nanometers. This behavior is due to a previously unrecognized phenomenon that 
involves the rotation of the dislocation lines that comprise the GB, which minimize the energy and has 
significant implications for materials properties [1, 2]. Since transport in copper occurs predominantly along 
close packed planes these restructure boundaries, which also lie along close packed planes, are expected to
have unusual scattering properties. Whether fully relaxed restructured boundaries are possible under device 
fabrication conditions remains to be established.
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