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Abstract. Biy(Sr; 4)PbysCas<YxCu30;94y superconducting thick films were prepared and
deposited on MgO (100) substrates using a Melt-Quench-Annealing method (MQA).The
superconducting transition was found around 89 K. Electrical conductance fluctuations and the
thermodynamic fluctuations, close to Tc, were analyzed from results of R vs T measurements
on the samples. Ytrium concentration range was in the range 0 < x < 0.8. Additionally,
considering the Aslamazov-Larkin law, with Tc value fixed according to d *R/dT? criterion, the
conductance trend in the samples was revealed. So, when x < 0.075 a 3D behavior was found,
on the other hand when the concentration increases to x = 0.8 a 2D behavior is stabilized. From
these characteristics a correlation to the structural properties of the sample can be inferred.

1. Introduction

One characteristic and relevant effect of the high-Tc superconductors (HTSCs) concerns the thermal
fluctuations near the normal-superconducting transition. In the HTSCs, the combination of short
coherence length, quasi-two-dimensional (2D) structures and high operating temperatures associated
with large thermal energy ~KgT causes a large increase in the effect of thermal fluctuations. Different
models were proposed to explain the high magnitude of fluctuation effects in these high-Tc
superconductors. Most of the features of fluctuation phenomena in the conductivity of HTSCs are
explained on the basis of Aslamazov-Larkin (AL)[1] and Maki-Thompson (MT) theories [2]. The
widely undertaken analysis of excess electrical conductivity, Ac, HTSCs from different [1-3]
fluctuation theories has concentrated mostly on investigating a crossover [4-6] from a 3D fluctuation
(exponent A, approaching 0.5) at low temperatures to a 2D one (A approaching 1.0) on warming across
a crossover temperature, To, and on the inter-layer coupling constant J [6-9]. The electrical
measurement may provide relevant information on the dynamic behavior of vortices. The study of the
temperature dependence on the fluctuation-enhanced conductivity above Tc is a way to probe the
dimensionality of the order-parameter fluctuations.
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The layered structure of these systems with complex crystal chemistry and the inherent granularity
lead to strong structural disorder at the microscopic and the mesoscopic levels, respectively. A large
number of studies have been devoted to investigate the interplay between the superconducting order
parameter fluctuation (SCOPF) and the inhomogeneities in HTSCs. The inhomogeneities occur at
widely varying length scales as in single crystals, grain aligned films and melt-textured and sintered
samples. mesoscopic inhomogeneities like grain boundaries, cracks, voids etc, have a much larger
scale of length than that of coherence length & and, being temperature independent, do not influence
the SCOPF region [10]. These inhomogeneities strongly influence the transition region below Tc. The
microscopic inhomogeneities such as structural defects (twin boundaries, stacking faults) and chemical
imperfections (i.e oxygen deficiencies) occur inside the grains. The scale of length of these
inhomogeneities is smaller than that of the mesoscopic inhomogeneities, but still larger than &. These
inhomogeneities therefore are expected to have negligible effect on the SCOPF region [10]. However,
many studies have shown that both the mesoscopic and the microscopic inhomogeneities crucially
influence the critical and the mean field region of SCOPF [11-14].

For a highly anisotropic layered material like Bi,Sr,CaCu,0s:y, (BSCCO) where the anisotropy
ratio y =0.02, the conductivity fluctuation is well-described [15,16] by the 2D AL theory in the wide
temperature range -4 < In(¢g) < -2, where € = (T — T¢)/Tc is the reduced temperature. However,
fluctuation phenomena have been explained [17-19] in YBa,Cu307 (YBCO) and in similar systems
taking the MT theory into account as well. For very anisotropic materials, the MT contributions, which
increase the apparent width of the transition, have been ignored because they are probably absent in
HTSC as a consequence of the pair-breaking effect of strong inelastic electron scattering [20] and
these are treated as a very clean system because &y/l (where & and 1 is the zero-temperature in plane
coherence length and electronic mean free path, respectively) is very small.

The aim of this work is to analyze the contribution of the thermal fluctuations on the electric
conductivity at zero magnetic field in the mixed state near Tc of the Bix(Sr 4)Pb¢Cas.Y<CusOip4y
(Bi -2223) thick film.

2. Experimental procedure

Superconductor precursor material was prepared by solid state reaction. Stoichiometric ratios of the
precursor powders Bi,O;, SrCO;, PbO,, CaCOs, Y,0; and CuO (purity 99.99%) were finely ground
and thoroughly mixed to finally obtain Bi,Sr; 4(Pb) 6Car<YxCu30ig1y.

A melt-quench and annealing process was applied for growing c-axis textured Bi-2223/MgO
substrate with a dimension of 10 x 10 x 1 mm”. In the melt-quench step, the Bi-2223/MgO precursor
was pushed into a furnace which was preheated to a melting temperature of 1050 °C. After keeping the
sample at the melting temperature for about 10 minutes, the sample was rapidly quenched to room
temperature. The samples consisted mainly of the Bi-2223 phase. In the annealing step, the melt-
quenched sample was annealed at temperatures of 865 °C in air to be converted to c-axis textured Bi-
2223/MgO thick film.

The electrical resistance of the samples was obtained using the standard four-terminal configuration
(Van Der Pauw technique) in a He closed cycle cryostat within the range of 14 K-300 K, a 2400
SourceMeter (Keithley) and a temperature controller 9700 (Leybold) (0.1 K resolution) were used.

3. Results and discussion

We have analyzed our resistance vs. temperature experimental data by adopting the simplest
fluctuation conductivity approach [21] (see Fig.1). The fluctuation induced enhancement in
conductivity, termed as conductance excess or paraconductivity, AG=G-Gg, where G is the measured
conductance, i.e., G=1/R, and Gg=1/Ry is the regular term extrapolated from the high temperature
behavior. According to the Aslamazov-Larkin (AL) proposal [1], the fluctuation conductivity diverges
as a power law of the type AG=A&™, where A is a constant and A is the critical exponent.
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The main problem in the SCOPF analysis is related to the difficulty of assessing the mean-field
critical temperature Tc. The Tc in each theoretical model is never directly accessible due to the
presence of fluctuation effects, which round the critical behavior of any observable near Tc. In the
attempt to directly determine Tc from the experimental data, Han et al [22] extrapolated the excess
conductivity raised to the inverse of critical exponent 4, where Tc is determined from the intercept on
the temperature axis from the mean field region. Direct determination of Tc has also been attempted
by analyzing the temperature dependence of the inverse of the logarithmic temperature derivative of
fluctuation conductivity [21]. Both methods, however, do not rule out error in Tc determination since
the exponent in the SCOPF region varies over a large range. We have used the derivative of the
resistance data as a function of temperature (dP/dT), with Tc defined as the peak position of this
derivative (Fig. 2) as has been done by many [21,23,24]. The effect of uncertainty in the determination
of the Tc results in a temperature range corresponding to the critical region, where the excess
conductivity depends sensitively on the reduced temperature [25,26]. Therefore, we have selected a
temperature window around the mean field region and restricted our data analysis mainly to this
region.
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The AL relation is based on the Ginzburg—Landau (GL) mean field theory and is valid only in a
mean field temperature range between ~1.01Tc and 1.1Tc (see Fig. 3). We can summarize the results
in Table 1, for values of € < 0.00001 the paraconductivity does not vary significantly, indicating that
the coherence length begins to be significant to these temperatures. A values as obtained from the
adjustment can be seen in the Table 1 are of the order of unity for x> 0.075, which corresponds to a
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2D conduction process as predicted by the equation A = 2 — D/2 (AL model), where D represents the
dimensionality for the fluctuation spectrum. Log-Log plots of excess conductivity as a function of
reduced temperature for Bi,Sr;4(Pb)osCar<YxCu3019:y on MgO substrates for different Ytrium
contents can be seen in fig 4.
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Table 1. A values obtained from the AL relation.
Ytrium A Tc Ytrium A Tc
Concentration (dR/dT) Concentration (dR/dT)
X =0.000 0.255 106.78 X =0.200 0.876 93.01
X =0.025 0.472 121.24 X =0.300 0.904 89.70
X =0.050 0.431 103.42 X =0.500 1.190 95.82
X=0.075 0.329 92.26 X =0.700 1.190 94.58
X =0.100 1.060 89.00 X =0.800 1.190 94.83
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When the dopant is x <0.1, the dimensionality of the order parameter tends to 3D, while the
concentration x > 0.1 tends to 2D. (see Table 1). According to results reported to YBCO, the
fluctuations of dimensionality are 2D or 3D, depending on the nature of the samples while for BSCCO
are quasi 2D for polycrystalline samples. Two-dimensional behavior in the Bi system exhibits a
decoupling of the CuO planes and is similar to the YBCO system, showing 3D behavior. This analysis
shows systematic changes on the paraconductivity in the critical exponent for the yttrium-doped
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BSCCO system; in our case, A tends to increase with the concentration of yttrium, having a value of
close to half (3D behavior) in 0 <x <0,1 tends to saturate between 1 and 3/2 (possibly 2D) 0.1 <x <0.8
for higher levels of dopant. Other changes of the exponent have already been reported [23]. Where it
has been found that the increase of the concentration of Ni in the system (Bi, Pb)SrCaCuO A increases,
it is consistent with our results.

In summary, the conduction behavior, even with low dimensionality of the order parameter
observed in our samples, is due to yttrium doping which induces the percolative transport. This
interpretation suggests that the yttrium ions substitute Cu not only in the pyramid but also in the
arrangement of square planar Cu-O centers
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