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POLARITON-LIKE INTERACTION BETWEEN MICROWAVES AND
ELECTRONIC SUBSYSTEM OF METAL OXIDE SUPERCONDUCTOR ~

V.A. Dravin, Yu.F. Eltsev, A.L. KaruzsKii V.N. Murzin, N.A. Osipova, A.V. Perestoronin,
P.P. Sverbil, P.N. Lebedev Physical Institute of RAS, Leninsky prosp. 53, Moscow 117924, Russia

oscillations in the HTSC samples is realized in the
Abstract ) . . :

superconducting microstrip  resonators, which are
In studying the microwave (10 GHz) response of bottharacterized by inherent substantially retarded modes
single crystal and ceramic samples of the XBgO, in  (over two orders of magnitude less than the value of ¢ the
Nb resonator we have found strongly wave-vectospeed of electromagnetic radiation in vacuum) in the
dependent dielectric permittivity resulting in appearancgpectrum of resonant oscillations.
of the new dielectric resonances with hysteretic

temperature behaviour. Data show the importance of the 2 PRINCIPLES OF EXPERIMENT
non-conducting "bound" electron polarization in strong

local fields and spatial dispersion, which lead to the 1 Spatial dispersion of permittivity in

polariton-like interaction between microwaves an

electrons in a highl'. superconductor. The effects of the(éupercondUCtorS

polariton-like microwave excitations on the limitingThe pronounced spatial dispersion effects in permittivity

mechanisms in superconducting cavities are discussed. could result in the unusual microwave response of a
superconductor.  Neglecting the dissipation, its

1 INTRODUCTION permittivity can be approximated in superconducting state
Early it was argued that superconductivity with a higft1)y the following relation (see [4], for example)
critical temperature Jrequires a negative sign of0k) w2

the longitudinal static dielectric permittivity k0 which K) = ¢ K) +
should originate from the presence of relatively stronf(w’ ) - Ep (w’ ) —0.)2+V2 k2
local (acting) electric fields and spatial dispersi&#Q) F

effects in permittivity [1], [2], [3]. To avoid the in whiche' (wk) is the real part of the lattice permittivity,
occurrence of the lattice instability due to a negativg, v. are the values of plasma frequency and Fermi
permittivity (0k) the exchange-correlation interactionselocity of current carriers andy k are the values of
(the difference between the mean and acting electfigquency and wave vector of electromagnetic wave.
fields) should be significant. Obviously, the permittivity could be positive due to the
We study the microwave (10 GHz) response of bolfhatial dispersion effect for microwave radiation veith

single crystal and ceramic samples of the XB8O;. The <\, This radiation should penetrate and propagate in the
stronglyk-dependent permittivitg(cyk) have been found pyk of superconductor. A new extraordinary polariton-
resulting in appearance of the new dielectric resonanqgg& wave will appear in addition to an ordinary wave
with hysteretic temperature behaviour. The obtaingghich does not propagate into the bulk and is reflected by
results reveal the important role of the non-conductinge metallic surface because of the negative permittivity

"bound” electron polarization in occurrence of the strong, k) for the ordinary wave characterised by the relation
local electric field and spatial dispersion effects, WhICEIJk>VF_

lead to the polariton-like interaction between microwaves
and electronic subsystem in HTSC. It is shown that gh?2 Experimental technique
excitation of the coupled with the medium oscillations

electromagnetic waves inside the HTSC material i5"€ Microwave response of the YBa,0; samples was

possible due to the high value of the lattice part Jpeasured in_the Nb microstrip resonator (Fig.1). _The
permittivity in microwaves. High permittivity results in Y 5CWO; single crystal was grown in an alumina
the retardation of electromagnetic waves down to tffguCible [5] and was characterized by=90 K andAT.[3
Fermi velocities of electrons and as a consequence in the "€ T of the YBaCuO, ceramic sample [6] was
change of sign and the occurrence of the positive to@POUt 92 K with ATIB K. We have measured the

permittivity caused by the spatial dispersion effects. AfgSonance frequency pffof a resonator perturbed by
efficient excitation of the polariton-like microwave YBCusO, sample as a function of the spatial position of
the sample relatively to the resonant strip at frequencies
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around 9 GHz, between 4.2 and 300 K The samp#trong variations of depending on spatial position of the
position was characterized by an anglemeasured in sample in the resonator field, appearance of the new
plane of the resonant strip off the polar axis, directedielectric-type resonances (Figs. 2 and 3), temperature

along the transverse axis of the strip (Fig. 1). hysteresis phenomena in microwave response (Fig. 4).
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Figure 1: Layout of the measuring symmetric microstrifigureé 2: Spectrum composition of the microwave
Nb resonator. Top view without of the upper cap of NEESPonse of the ceramic sample No.7p in microstrip
shielding. A sample is inserted in a hole drilled in th&esonator: M - metallic resonance (reflection by sample
upper teflon disk. Teflon parts are shown as if these wout§rface), 0 phase; D1, D2, D3, D4, DS - dielectric

be light transparent. resonance modes (wave, penetrating into the sample),
185 phase; C - calculated signal; Exp.data - experimental
data.

2.3 Microstrip resonator as a retardation N 9.4 o

structure for investigations of spatial dispersion I g3/ . T R

effects in metals R T S ©

> 9,24 — o

It has been found [7], [8] that the phase velocjiy=uk 2 .

of higher-order spatial modes of the essentially multi- % 9,1

mode resonant field of a microstrip resonator is retarded g

L . 9,0

significantly (over two order of magnitude) and becomes |T

comparable with Fermi velocities of electromé < V. 8,9+ : : : : :

As the length of mean free path of electrons rises with 0 50 100 150 200 250 300

decreasing temperature, that allows to study the spatial Temperature, K

dispersion effects and quasi-static properties in

conducting materials at microwave frequencies. Figure 3: The central frequencies of metallic and
dielectric modes (cf. Fig. 2) depending on temperature.

2.4 Lattice permittivity effects DS - frequency of the dielectric resonance envelop;

Taking into account the local electric field effects, Wgymbols—experlmental data
have estimated from microwave measurements [6], [9]
that the lattice part of the total permittivity of the

YBa:CO; approaches a value e, 010°, wherego is fnetaliic surface impedance and reveal the polariton-like

the vacuum dielectric constant, in fair agreement Wimteraction between microwaves and electronic subsystem
other estimations [10], [11], [12]. The resulting decrease M '

of the electromagnetic wave phase velocit n all investigated samples, including the macroscopically

vph=(dk[(s'p)'1’2 make it comparable withey assists the Ysotroplc ceramic sample (Fig. 2), a superposition of the

effective coupling between microwaves and conductin W resonances _(posm\aé at aII.temperatures (Fig. 3))
s found in addition to the ordinary mode reflected by a

electrons, enhances the appearance of the polariton-li asto ) .
excitations and the spatial dispersion effects innder metallic surface (negative!). These can be explained by

o the induced anisotropy (birefringence) due to the
conditions of y = wk. pronounced spatial dispersion &f An existence of both
reflected and penetrating waves, which differ by a vector

3 RESULTS AND DISCUSSION of propagation, suggests the polariton type of interaction
In the YBaCuwO; single crystals, as well as in ceramidoetween microwaves and metal oxide.
samples we have found [6-8], [13], [14] the anomalously

The found effects are not consistent with the model of
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A value of component of the total permittivity tensor,zgs Y (1997)

which corresponds to the penetrating waves, can B@j v.N. Apakina, V.A. Dravin, Yu.F. Eltsev, LA. Istomin, AL.
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component of the'(w,k) tensor at liquid helium and room
temperatures in fair agreement with previous estimations
[6], [9]. The observed high values of the Iattice
permittivity €', changes of sign and value of the quasi-
static total permittivitye'(wk) and hysteresis phenomena
in the temperature behaviour @{wk) point to the
important role of electrons in a tendency of the lattice to
instability under the conditions ©f0,k)<0.
The effects of the possible polariton-like microwave
excitations on the limiting mechanisms in superconducting
cavities should be investigated. Studies of Nb samples [7],
[8] revealed rather strong spatial dispersion effects in
microwave permittivity of this material. These may affect
properties of the RF unit especially if it contains small-
scale spatial inhomogeneities in its structure, which
correspond to the large values of wave vedtoand
enhance spatial dispersion effects.
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