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New ultra-thin semiconductor could extend
life of Moore's Law

November 22 2016
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Following a decade of intensive research into graphene and two-
dimensional materials a new semiconductor material shows potential for
the future of super-fast electronics.

The new semiconductor named Indium Selenide (InSe) is only a few
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atoms thick, similarly to graphene. The research was reported in Nature
Nanotechnology this week by researchers of The University of
Manchester and their colleagues at The University of Nottingham.

Graphene is just one atom thick and has unrivalled electronic properties,
which has led to widely-publicised suggestions about its use in future
electronic circuits.

For all its superlative properties graphene has no energy gap. It behaves
more like a metal rather than a normal semiconductor, frustrating its
potential for transistor-type applications.

The new research shows that InSe crystals can be made only a few atoms
thick, nearly as thin as graphene. InSe was shown to have electronic
quality higher than that of silicon which is ubiquitously used in modern
electronics.

Importantly, unlike graphene but similar to silicon, ultra-thin InSe has a
large energy gap allowing transistors to be easily switched on and off,
allowing for super-fast next-generation electronic devices.

Combining graphene with other new materials, which individually have
excellent characteristics complementary to the extraordinary properties
of graphene, has resulted in exciting scientific developments and could
produce applications as yet beyond our imagination.

Sir Andre Geim, one of the authors of this study and a recipient of the
Nobel Prize in Physics for research on graphene, believes that the new
findings could have a significant impact on development of future
electronics.

"Ultra-thin InSe seems to offer the golden middle between silicon and
graphene. Similar to graphene, InSe offers a naturally thin body,
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allowing scaling to the true nanometre dimensions. Similar to silicon,
InSe is a very good semiconductor."

The Manchester researchers had to overcome one major problem to
create high-quality InSe devices. Being so thin, InSe is rapidly damaged
by oxygen and moisture present in the atmosphere. To avoid such
damage, the devices were prepared in an argon atmosphere using new
technologies developed at the National Graphene Institute.

This allowed high-quality atomically-thin films of InSe for the first time.
The electron mobility at room temperature was measured at 2,000
cm’/Vs, significantly higher than silicon. This value increases several
times at lower temperatures.

Current experiments produced the material several micrometres in size,
comparable to the cross-section of a human hair. The researchers believe
that by following the methods now widely used to produce large-area
graphene sheets, InSe could also soon be produced at a commercial level.

Co-author of the paper Professor Vladimir Falko, Director of the
National Graphene Institute said: "The technology that the NGI has
developed for separating atomic layers of materials into high-quality two-
dimensional crystals offers great opportunities to create new material
systems for optoelectronics applications. We are constantly looking for
new layered materials to try."

Ultra-thin InSe is one of a growing family of two-dimensional crystals
that have a variety of useful properties depending on their structure,
thickness and chemical composition.

Currently, research in graphene and related two-dimensional materials is
the fastest growing field of materials science that bridges science and
engineering.
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More information: Denis A. Bandurin et al. High electron mobility,

quantum Hall effect and anomalous optical response in atomically thin
InSe, Nature Nanotechnology (2016). DOI: 10.1038/nnan0.2016.242
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