
 

Physicists have let light through the plane of
the world's thinnest semiconductor crystal
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As the scientists noted, the graph that shows the spatial distribution of the
polarization of light turned out to be rather unusual -- it resembles a multi-
colored marine rapan. Credit: Nature Nanotechnology
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In every modern microcircuit hidden inside a laptop or smartphone, you
can see transistors—small semiconductor devices that control the flow of
electric current, i.e. the flow of electrons. If we replace electrons with
photons (elementary particles of light), then scientists will have the
prospect of creating new computing systems that can process massive
information flows at a speed close to the speed of light. At present, it is
photons that are considered the best for transmitting information in
quantum computers. These are still hypothetical computers that live
according to the laws of the quantum world and are able to solve some
problems more efficiently than the most powerful supercomputers.

Although there are no fundamental limits for creating quantum
computers, scientists still have not chosen what material platform will be
the most convenient and effective for implementing the idea of a
quantum computer. Superconducting circuits, cold atoms, ions, defects
in diamond and other systems now compete for being one chosen for the
future quantum computer. It has become possible to put forward the
semiconductor platform and two-dimensional crystals, specifically,
thanks to scientists from: the University of Würzburg (Germany); the
University of Southampton (United Kingdom); the University of
Grenoble Alpes (France); the University of Arizona (USA); the
Westlake university (China), the Ioffe Physical Technical Institute of the
Russian Academy of Sciences; and St Petersburg University.

The physicists studied the propagation of light in a two-dimensional
crystal layer of molybdenum diselenide (MoSe2) which is only one atom
thick—this is the thinnest semiconductor crystal in the world. The
researchers found that the polarisation of light propagating in a superfine
crystalline layer depends on the direction of light propagation. This
phenomenon is due to the effects of spin-orbit interaction in the crystal.
Interestingly, as the scientists noted, the graph that shows the spatial
distribution of the polarisation of light turned out to be rather
unusual—it resembles a multi-coloured marine rapana.
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Ultrafine molybdenum diselenide crystals for experiments were
synthesised in the laboratory of Professor Sven Höfling at the University
of Würzburg. It is one of the best crystal growth laboratories in Europe.
Measurements were carried out both in Würzburg and in St Petersburg
under the supervision of Alexey Kavokin, professor at St Petersburg
University. An important role in the development of the theoretical base
was made by Mikhail Glazov. He is a corresponding member of the
Russian Academy of Sciences, an employee of the Spin Optics
Laboratory at St Petersburg University, and a leading research associate
at the Ioffe Physical Technical Institute.

"I foresee that in the near future, two-dimensional monoatomic crystals
will be used to transfer information in quantum devices," said Professor
Alexey Kavokin, head of the Spin Optics Laboratory at St Petersburg
University. "What classic computers and supercomputers take a very
long time to do, a quantum computing device will do very quickly.
Therein lies the great danger of quantum technologies—comparable to
the danger of an atomic bomb. With their help it will be possible, for
example, to hack banking protection systems very quickly. That is why
today intensive work is under way, including the creation of means of
protecting quantum devices: quantum cryptography. And our work
contributes to semiconductor quantum technologies."

Additionally, as the scientist noted, the research was a major step
forward in the study of light-induced (i.e. appearing in the presence of
light) superconductivity. It is the phenomenon when the materials that
allow electric current to pass through have zero resistance. At present,
this state cannot be achieved at temperatures above minus 70 C.
However, if the proper material is found, this discovery will make it
possible to transfer electricity to any point on Earth without any loss, and
to create a new generation of electric motors. It should be recalled that in
March 2018, the research team of Alexey Kavokin predicted that
structures containing superconducting metals, such as aluminium, can
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help solve the problem. Nowadays, scientists at St Petersburg University
are looking for a way to obtain experimental evidence of their theory.

  More information: Nils Lundt et al, Optical valley Hall effect for
highly valley-coherent exciton-polaritons in an atomically thin
semiconductor, Nature Nanotechnology (2019). DOI:
10.1038/s41565-019-0492-0
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