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ABSTRACT

Phenomenological model of microwave electrodynamics of the metal oxide high-Tc

superconductors (HTSC) is presented. The model takes into account the effects of the finite

complex dielectric permittivity and of the local (acting) electric fields in semiclassical interpretation

of the current carrier dynamics. The effects should be significant due to the layered structure and the

metal-insulator type instability of HTSC metal oxides. Microwave electrodynamics of the

superconducting state of HTSC is described on the base of the general two-fluid principles. The full

expressions for the complex dielectric permittivity and for the surface impedance are derived and

used to relate the current carrier parameters with the data of microwave measurements.

1. INTRODUCTION

The microwave measurements have played an important role in establishing the phenomenology

of the superconductivity. Crucial information on both the superfluid and quasiparticle properties is

derived from the real and imaginary parts of the surface impedance Z=R+iX depending on the

permittivity ε=ε′−iε′′ as Z=(µ0/ε)1/2, where µ0 is the permeability of vacuum and the electric field is

E∼exp(iωt). The permittivity of the conductive medium can be expressed as ε=εp−iσ/ω, where σ is

the current carrier conductivity and εp is the permittivity of the background. In metals the

contribution of εp is negligible and to a quite good approximation Z is governed by σ the

conductivity of free carriers in a macroscopic field E. This approximation could not be necessarily

valid for the HTSC metal oxides and the permittivity of the bound charges (soft dipoles) εp should

not be omitted in the total ε. The layered structure and the tendency to undergo metal-insulator

phase transitions in these compounds result in the significant effects of the finite complex

permittivity εp in the local electric fields acting on the current carrier dynamics [1-3]. In this paper

we include these effects in a phenomenological model of the microwave electrodynamics of the

metal oxide HTSC and use the model estimations to relate the HTSC parameters with the data of

microwave measurements.
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2. MODEL

The local electric fields are coming in the semiclassical equation of current carrier dynamics via

a replacement of E by E+bP/ε0 [1,2], where P is the polarization and bP/ε0 the Lorentz contribution.

In the two-fluid approximation with the total density of current carriers n=nn+ns dynamical

equations of normal (nn) and superconducting (ns) carriers to be as follows
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the real and imaginary parts of ε and Z are given by [2]

ε′=ε′p−((nn/n)(1−bn+bnε′p/ε0)τ2)/(λ0
2µ0(1+(ωτ)2)) −((ns/n)(1−bs+bsε′p/ε0))/(λ0

2µ0ω2)),

ε′′=ε′′p+((nn/n)(1−bn+bnε′p/ε0)τ)/(λ0
2µ0ω(1+(ωτ)2)),

Zn≅[(µ0λ0(ω/2τ)1/2)/(1−bn+bnε′p/ε0)
1/2](1+i )

for T>Tc, ωτ<1 and ε′′p/ε′p<1,

Zs≅[µ0λ0ω/((ns/n)(1−bs+bsε′p/ε0))
1/2][(nn/2ns)(ωτ)× ((1−bn+bnε′p/ε0)/(1−bs+bsε′p/ε0))+i ]

for T<Tc, ωτ<1 and ε′′p/ε′p<1,

where λ0
2 =m/(µ0ne2) and m, e, τ are the effective mass, charge and scattering time, jn and js are the

normal and superconducting current densities. Assuming bn≅ bs≅ b [2], Tn>Tc and T<Tc, we obtain

an expression

Rs(T)/Rn(Tn)≅(ωτ)3/2(n/2ns(T))1/2×

((1−b+bε′p(Tn)/ε0)/(1−b+bε′p(T)/ε0))
1/2nn(T)/ns(T),

for the ratio which is commonly used as a direct experimental measure of the exponential decrease

of nn(T) at T<Tc/2. To avoid the difficulties predicted by this equation due to the ε′p(T) temperature

dependence it is possible to use in the analysis of microwave data for HTSC the following ratio

Rs/Xs≅(ωτ)(nn(T)/2ns(T)).
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3. DISCUSSION AND CONCLUSION

As an example, within the presented model the temperature independent ratio of both the linear-

on-temperature Rs and Xs in the HTSC single crystal at T<Tc/2 [4] can be attributed to the dominant

contribution in nn(T) from the density of thermally independent residual quasiparticles (residual

microwave loss) in a combination with the temperature dependence of ε′p(T).This explanation is in

accord with results of our model calculations of εp(T) from the available adequately full microwave

data [5,6] and with data of our direct measurements of frequency of the previously observed [7]

dielectric resonance. Figs.1 and 2 show the smooth temperature dependence of ε′p(T) at T<Tc/2

which is practically identical for different samples.
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Figure 1.  Results of model analysis of
microwave data [5] and of direct
measurements (triangles) of the dielectric
resonance frequency [7] for YBa2Cu3-O7-x
ceramic samples at ω=58 GHz. The inset
sum-marizes frequency dependence of ε′p and
ε′′p at T≤ 10 K obtained from data [5-7]
within the model. ε′p and ε′ - full circles,
R-crosses.
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Figure 2. Results of model analysis of
microwave data [6] obtained for YBa2Cu3-
O7-x thin film at ω= 1.69 THz and 4.12 THz
(not shown). ε′p and ε′ - full circles, R-
crosses.
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The ratio 2∆/kTc≅3.5 and the current scattering rate τ-1≅3÷4 THz were found in the model fitting

procedure for all analyzed samples. The last value strongly correlates with the rise of  ε′′p at ω
around 3 THz (inset in Fig.1) and indicates the interplay of relaxation and scattering processes. It

can be concluded that the effects of the finite complex dielectric permittivity and of the local

electric fields in microwave electrodynamics of the metal oxide high-Tc superconductors should be

taken into account in interpretations of the experimental microwave data and in comparisons with

theoretical models of high-Tc superconductivity.
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