Holistic solutions to future computing - not only scaling...
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Abstract

The continued reduction trend of the electronic devices’ sizes over the past decades has supported the growing demand for improved
performance as well as for increasing multifunctionality within a small form -factor - as anticipated by Gordon Moore in 1965 [1].
However, as we go forward, the continued focus on scaling down device sizes will be accompanied by a renewed focus on alternative
solutions to von Neumann compute as well as on a renewed focus on materials.

The fundamental inadequacy of conventional computing architectures for problems relevant to autonomous systems such as decision
-making and combinatorial optimizations, leads to extended solution times and staggering energy consumption. We suggest that
growing instances of those problems could be addressed with an in-memory compute approach based on advanced MRAM and
support inference at the edge [2, 3].

We will then focus on how 2D materials - nowadays a large class of only a few atoms -thin materials - could on the one hand further
extend the downscaling trajectory of electronic devices, but also, inherently support compact multifunctional nanosystems.

After a preamble about the use of transition metal dichalcogenides for advanced CMOS, we will explore some exciting applications of
graphene as a multifunctional, dynamically tunable semimetal. The harnessing of graphene’s properties on silicon wafers, despite
inherent challenges, can deliver a broad range of miniaturized and reconfigurable functionalities to complement CMOS technologies
in a system with the smallest form-factor. Over the past decade, my academic group pioneered an epitaxial graphene on silicon
carbide on silicon technology able to fill this gap, in addition, unlocking unique functionalities for MEMS/NEMS, nano-optics and
metasurfaces thanks to the specific combination of graphene with silicon carbide [4]. This platform allows to realize any complex
graphene nanopattern in a site — selective fashion, at the wafer -scale and with sufficient adhesion for subsequent integration. We will
review the fundamental hallmarks of this technology and some of its most promising applications in areas as diverse as integrated
energy storage [5], reconfigurable MIR metasurfaces [6], and electrodes for EEG -based brain-computer interfaces [7].
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