Nanoscale physics

RF-electrodynamics of nanostructured high-T. superconductors
A.L.Kasatkin

Institute of Metal Physics, Nat. Acad. Sci. of Ukraine, 36 Vernadsky St., 03142,
Kiev, Ukraine.

E-mail: al_kas@i.ua

At present time dielectric phase nanoparticles implanted in the interior of high-
temperature superconductors (HTS) are frequently used for improvement of
transport characteristics and enhancement current-carrying capability of these
materials due to strong pinning of Abrikosov vortices and impeding their
dissipative motion under the Lorentz force action, caused by transport current flow
through superconductor [1]. Besides that, dielectric nanoparticles implanted in the
matrix of HTS film can noticeably improve its characteristics at microwave
frequencies, as it was shown in some resent experiments (see, e.g.,[2]).

Here the theoretical model for microwave response of nanostructured high-T.
superconductor (HTS) film, with artificial dielectric nanoparticles, implanted in the
films interior, is developed, and the microwave surface resistance Ry(T,H,) is
calculated both for the Meissner and mixed states of superconductor film in applied
dc magnetic field. The nonlinear effects in the surface resistance Ry(H..,) caused by
an entrance of Abrikosov vortices, induced by microwave field, through films
edges are also considered. Obtained results indicate that implantation of dielectric
nanoparticles in HTS material can significantly improve its characteristics at
microwave frequencies. Namely, these implanted nanoparticles can decrease the
surface resistance in the Meissner state, eliminate Abrikosov vortices oscillations
and related microwave energy losses, thus decreasing the Abrikosov vortices
contribution to the R, value in the mixed state of HTS film, and noticeably
increase the nonlinearity threshold of the microwave response.
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