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Application of air-sensitive semiconductors
in nanoelectronics

September 22 2017
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Raman spectrum of 8 L GaSe taken at two different times during time evolution
map. (a) Red dashed line is drawn as the guide for the eye. The constant intensity
ratio of of ${{{A}}™M1}}_{1{\rm{g}}}$ and a-Se peaks indicates that
oxidation stops approximately after 16 500 s. Thickness dependent Raman
spectrum of GaSe for oxidation investigation. (b) Each spectrum was taken with
700 s x 3 of accumulation time. Credit: Tomsk Polytechnic University
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A research group consisting of scientists from Tomsk Polytechnic
University, Germany and Venezuela proved the existence of chemical
bonds between gallium and oxygen. This discovery will allow
manufacturing superconducting nanoelectronics based on gallium
selenide, which has never been achieved by any research team in the
world. The study was published in Semiconductor Science and
Technology.

A promising area of modern materials science is the study of two-
dimensional (2-D) materials, i.e. thin films consisting of one or several
atomic layers. 2-D materials, due to their electrical superconductivity
and strength, could be a basis for new nanoelectronics. Optical
applications in nanoelectronics require advanced materials capable of
generating electron fluxes upon light irradiation. Gallium selenide
(GaSe) is a 2-D semiconductor that can handle this problem most
efficiently.

"Some research teams abroad have tried to create electronic devices
based on GaSe. However, despite extensive theoretical studies of this
material, which were published in major scientific journals, the stability
of the material in real devices remained unclear," says Prof. Raul
Rodriguez, the Department of Lasers and Lighting Engineering.

The research team studied GaSe by means of Raman spectroscopy and X-
ray photoelectron spectroscopy, proving the existence of chemical bonds
between gallium and oxygen. The scientists revealed that GaSe oxidizes
quickly in air and loses its electrical conductivity, which is necessary for
creating nanoelectronic devices.

"GaSe monolayers become oxidized almost immediately after being
exposed to air. Further research of GASe stability in air will allow
methods to protect it and maintain its optoelectronic properties,” the
authors write.
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According to Prof. Rodriguez, preserving the unique properties of GaSe
entails placing it in a vacuum or inert environment. For example, it can
be applied in encapsulated devices that are vacuum manufactured and
then covered with a protective layer, eliminating air penetration. This
method can be used to produce next-generation optoelectronics,
detectors, light sources and solar batteries. Such devices of ultra-small
size will have very high quantum efficiency, i.e., they will be able to
generate large electron fluxes under small external exposure.

More information: Mahfujur Rahaman et al, GaSe oxidation in air:
from bulk to monolayers, Semiconductor Science and Technology (2017).
DOI: 10.1088/1361-6641/aa8441
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