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2005 — Research work — Technion, Haifa, Israel

2008-2015 — Research work (one month, yearly) — International Laboratory of High Magnetic Fields and
Low Temperatures, Wroclaw, Poland

Research topics:

— superconductor—insulator transition in mesoscopic systems;

— transport phenomena and superconducting properties of thin superconducting films, granular Josephson
media, self-assembled interfacial superconductor nanostructures based on semiconducting
heterostructures A"B"" and superconductor-insulator artificial multilayered structures;

— vortex lattice structure, pinning and flux creep in low-dimensional systems.

Key achievements:

1. Reentrant superconductivity in parallel to the layers magnetic fields has been found for the first time on
Mo/Si and W/Si multilayers. This effect was explained in terms of the intrinsic pinning and vortex lattice
commensurability with the underlying layered structure. A lock-in effect has been found on Mo/Si
superlattices and Vanadium thin films. Avalanche-like jumps of resistance vs magnetic field have been
observed on Mo/Si superlattices with thick silicon interlayer. The jumps are periodic in inverse magnetic
fields. A model of phase transitions between closely packed commensurate vortex lattices has been
proposed.

2. The superconductivity of the two-layer semiconducting monochalcogenide heterostrutures PbTe/PbS,
PbTe/PbSe and PbTe/YbS was found for the first time. Individual films constituting heterostructures are
not superconducting. It was shown that the superconductivity in such systems is connected with band
inversion in narrow gap semiconductor near the interfaces between semiconducting layers;
superconducting layers are localized on the interfaces. The band inversion is caused by deformation fields
of misfit dislocation grids. A model that explains the appearance of single-interface superconductivity is
proposed.

3. Magnetic field tuned superconducting-insulator transition has been found in two-layer semiconducting
monochalcogenide heterostrutures PbTe/PbS. It was established that the discontinuity of the
superconducting interface is the necessary condition for the observation of superconductor-insulator
transition and significantly affects its features: the fan-like set of curves R(T), the intersection of curves
R(B) both in the perpendicular and parallel to the interface magnetic field, and the negative
magnetoresistance.
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