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Research fields 2: Semiconductor nanostructures

The Technical Cryophisics department (in cooperation with Physics of Metals and
Semiconductors department) has the special vacuum technologies for growth of the
different types of semiconductor nanostructures: 2D (superlattices, qguantum wells
[1]), 1D (nanowires [2]), OD (quantum dots) and dislocation nanogrids [3].

We growth such nanostructures based on chalcogenide semiconductors (PbS, PbSe,
PbTe, SnTe, EuS. EuSe, YbS, YbSe, SrS, SrSe) and study their structure (using electron
microscopy and X-ray diffraction) and physical properties. We also growth the Bi2Te3
topological insulator nanostructures [4].
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New effects:

e Size quantizations

e Resonant tunneling
e Superconductivity
e Giant
magnetoresistance




Our main results:

The superconductivity has been discovered in the multilayer PbTe-PbS
nanostructures [3] where there are no superconducting transitions in
single-layer films. The superconductivity is connected with the presence of
misfit dislocation nanogrids at the interfaces (there is no
superconductivity if the dislocation nanogrids are absent).

The quantum-size effects in the nanostructures were observed by
photoluminescence spectra [4-5]: the blue shifts of the emission lines are
in good agreement with predictions for 2D and 0D guantizations.

The resonance tunneling of electrons via ferromagnetic EuS barriers was
found for 2D nanostructures. The antiferromagnetic interlayer coupling [6]
of magnetic EuS layers via non-magnetic PbS, YbSe and SrS spacers has
been found in semiconductor superlattices. Such coupling is observed for
unusual wide range of spacer thicknesses for narrow-gap PbS
semiconductor (from 0.4 nm to 40 nm), wide-gap YbSe (from 1 nm to 3
nm) and insulator SrS (from 1 nm to 2 nm).
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Research fields 2: Magnetics

*  Complex studies of magnetic, magnetic noise and
frequency characteristic of multilayer ferromagnetic
cores for highly sensitive sensors - flux gates and non-
violent magnetic microscopes.

* Development and research of materials with giant
magnetocaloric effect for refrigerating devices.
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Research fields 3: Cryocooler

* The influence of the different parameters on the integral indexes
(cooling capacity, COP) of the gas refrigerating machine under the
moderate cooling temperatures are studied. The one-dimensional
model based on structural-modular conception of the cryosystems
and calculation algorithm of the time-varying parameters of the
working fluid had been developed for the investigation.
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