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2. Microwave electrodynamics of Nb, MoRe, YBCO superconducting films and their application in passive

microwave electronics devices

Pedepar:

1. [IpoieMOHCTPOBAHO LIJISIXM MiHiaTIOpU3allii CTPYKTYpU MiKpOCMYKKOBUX HBY pe3oHaToOpiB 3 BUKOPUCTAHHAM
1IiZIbHO yIIaKOBaHMUX (PaKTaJbHUX TOIOJIOTIN. BUroToBI€HO cepilo MiHiaTIOpHUX (PpakTanbHuX YBCO
MiKDOCMY>KKOBUX P€30HATOPIB 3 eKcriepuMeHTanbHUX HBY xapakTepuCTHUK IKMX BU3HAYEHO YAaCTOTHI 3aJ1€XKHOCTI
noBepxHeBoro onopy YBCO miBOK, siKi 1oO6pe OnMCYIOThCS Y PaMKax JBO-PifMHHOI MOJIeJli HaATIPOBITHOCTI.
HaBeneHo pe3ysbTaTy €KCIIEPUMEHTaIbHUX NOCTiIKeHb AMHAMIKM PyXy BUXOpPiB AGpiKOoCcOBa y BUIJISIZI MarHiTo-
[I0JIbOBUX, TEMIIEPATYPHUX Ta KYTOBUX 3aJIESKHOCTEN €JIEKTPOJMHAMIYHUX IapamMeTpiB— KoedilieHTiB B'I3KOCTi Ta
niHinry. [lokasano peanisaiiio pexxumy iHAMBILYyaJTbHOTO IBOBUMIPHOTIO MiHIHIY BUXOPIiB y TOHKMX YBCO 1u1iBKax B

3HAYHOMY Jiarnia30Hi 3MiHU I0JIiB Ta TeMIIepaTypu. BusBieHO BIIJIMB BUTMHIB TOMOJIOrl MikpocMy>kkoBux Nb, MoRe,



YBCO pesonaTopiB Ha HeIiHIMHMN BiII'yK. BU3Ha4€HO JOMiHYBaHHS HEJHIMHOTO TEIJIOBOIO BiATYKY, KU
peastizyeThCsl Y ClIabKux MicLisix rpaHullp 3epeH MoRe Ta Nb miiiBok. [IpofieMOHCTPOBAHO MPaKTUYHY peastizaliilo
IIMPOKOCMYTOBOTIO Ta By3bKOCMyrosoro HBY HannpoBigHux QinbTpiB, BUTOTOBIEHUX 3 BUCOKOTEMIIEPATYPHHUX
HannposigHux YBCO muiiBoK. BusBiieHa HesliHilHa 3aJ1€5KHICTh 3MiHM BTPAT Y CMY3i ITPOIYCKaHHS BY3bKOCMYTOBOTO

YBCO ¢inbrpa Bif npukiagenoi notyskHocti HBY curnany.

2. In the dissertation, the scientific problem of microwave electrodynamics of superconducting films Nb, MoRe,
YBCO and their application in passive devices of superhigh - frequency (microwave) electronics has been solved.
The use of superconductors in microwave electronics is very promising, as it allows to meet needs of more
advanced devices compared to existing ones based on normal metals (copper, silver) and to create devices with
much better parameters - high-quality resonators, filters and antennas with high signal sensitivity and selectivity,
etc. However, there are problems specific to superconducting materials. In particular, it is necessary to reduce the
residual surface resistance of the superconducting material in the microwave range, high-frequency energy losses
associated with oscillations of magnetic flux trapped or induced by the microwave field associated with Abrikosov
vortices, and the nonlinearity of the microwave response inherent in a superconducting material. Superconducting
YBCO films on sapphire and LaAlO3 substrates were obtained by pulsed laser deposition. Superconducting
niobium films on sapphire substrates have been obtained by magnetron DC sputtering with the addition of a small
component of a radio-frequency current. Superconducting films of the MoRe alloy on polycortical substrates were
obtained by magnetron sputtering. The studied microstrip structures were fabricated using standard
photolithography and subsequent etching, and then placed in a cryostat. The frequency response of the samples
was measured using a vector circuit analyzer that operated in an automatic mode in the range from 300 kHz to 3.6
GHz and had a dynamic power change range of 40 dB. During the frequency response experiment, the values of
the loaded Q factor and the resonant frequency have been calculated. Numerical calculations (the method of
moments) were used to obtain the frequency response of microstrip resonators with different topologies, and
copper with a thickness of 10 um greater than the thickness of the skin layer was chosen as the material. Using the
resulting dependence of the quality factor on the frequency and calculating the value of the surface resistance of
the copper microstrip, the frequency dependences of the frequency-normalized geometric factor were obtained.
It has been shown that the geometric factor increases significantly with increasing frequency for all topologies in
the form of a meander, and takes fixed values for topologies in the form of segments and fractals Using
approximations of the surface resistance of YBCO film and the calculation of the copper film surface resistance,
the frequency dependences of the surface resistance of YBCO and copper films in a wide frequency range were
constructed and it was estimated that the studied HTSC films should be used as a replacement for traditional
materials. Experimental studies of magnetic-field and temperature dependences of electrodynamic parameters of
thin YBCO films were performed at the minimum possible microwave signal power of -40 dBm. It was the way for
achieving a linear mode of the microwave response of superconducting films. The measured dependences of the
change in the real and imaginary parts of the complex resistance on the magnitude of the magnetic field induction
B were linear, i.e., the change in the complex resistance was proportional to the magnetic field induction . This
indicated that there were no weak links in the samples. It was shown that the dependence of the Labush
parameter kp and the viscosity coefficient on the magnetic field to large values of the magnetic field (~ 1T) was not
observed. This indicates that the individual pinning mode was implemented, even near the critical temperature,
which may be due to the presence of a large number of long linear and planar defects formed in YBCO films during
the deposition. The angular dependences viscosity and kp showed the presence of maxima for the parallel plane of
the film of the magnetic field orientation 0o, which may show the presence of internal pinning due to the layered
structure of YBCO films. Practical implementations of broad-band and narrow-band microwave superconducting
filters made of high-temperature superconducting YBCO films is considered. An experimental comparison of the
characteristics of superconducting and copper filters showed significant advantage in the use of superconductors
in realizing filters with unique characteristics. Dependence of the variations in the bandwidth loss of a narrow-
band YBCO filter on the applied microwave signal power was measured while the presence of a nonlinear response
in superconducting filters has been demonstrated. According to the results of the research, we conclude that it is



possible to apply superconducting YBCO filters with only small values of the microwave input signal power.
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