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bstract

Superconducting (Tl0.5Pb0.5)(Sr0.85Ba0.15)2Ca2Cu3Oz films were prepared on highly polished, untextured silver substrates. A superconducting
ransition temperature (Tc) of 114.9 ± 0.1 K was obtained from the resistivity versus temperature measurements for different applied ac currents.
he temperature dependence of the critical current was fitted with a power law: Jc(T) = Jc(0)[1 − T/Tc]n with n = 2. The critical current in self-field
t 77 K was found to be 8 × 103 A/cm2. The temperature dependence of the real and imaginary parts of ac susceptibility was measured for different

mplitudes of ac magnetic field. Only a small differences of the ac susceptibility for parallel and perpendicular fields with respect to the film surface
ere observed.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Current research on practical applications of cuprate super-
onductors focuses on the fabrication of coated conductors.
he vast majority of papers deals with the preparation of
ttrium–barium–cuprate (YBCO) layers on metal substrates
uch as textured nickel and nickel alloys covered with suitable
uffer layers. Studies on lead doped thallium superconduc-
ors (Tl-1223), however, showed that critical current densities
f more than 106 A/cm2 may be achieved for Tl-1223 films
n single-crystalline lanthanum aluminate as substrate [1–4].
ecent investigation showed that c-axis oriented Tl-1223 films
ay also be prepared on silver [5,6] by a two step preparation

echnique. This method is based on the application of Tl-free pre-
ursor material onto the substrate by screen-printing followed
y a high-temperature thallination process. Thus vacuum tech-

iques are avoided in the fabrication of the superconducting film
acilitating the preparation of superconducting thallium films. In
his paper we have focused our attention on critical currents of
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Tl0.5Pb0.5)(Sr0.85Ba0.15)2Ca2Cu3Oz films prepared on highly
olished silver by ac resistance and susceptibility techniques.

. Experimental

.1. Preparation of the superconducting film

A detailed description of the preparation and the characterization of
Tl0.5Pb0.5)(Sr0.85Ba0.15)2Ca2Cu3Oz films on mechanically polished, untex-
ured silver substrates has been published [5]. The silver substrates were first
olished with a suspension of 1 �m Al2O3 powder, then with a suspension of
.3 �m Al2O3 powder, followed by a 0.03 �m SiO2 suspension. A suspension
f the Tl-free precursor powder of appropriate amount of PbO, Ba(CH3COO)2,
rCO3, CaCO3 and Cu(CH3COO)2·H2O was made via the malic acid gel
ethod and dissolved in terpineol. The paste was applied via screen-printing onto

he silver substrate. The coated silver was wrapped in silver foil together with a
hallium source. The source consisted of a compacted mixture of Tl-free precur-
or material with the respective amount of Tl2O3. The samples were heated with
K min−1 to 860 ◦C. The heating rate from 860 ◦C to the sintering temperature
f 900 ◦C was 1 K min−1. All heat treatment steps were carried out under flowing
xygen for 4 h. Cooling rate was 5 K min−1. The film was analyzed by energy

ispersive X-ray fluorescence spectroscopy (EDS) to learn about the overall
omposition of the superconducting material. The results point to a nominal over-
ll composition of (Tl0.5Pb0.5)(Sr0.85Ba0.15)2Ca2Cu3Oz within the error limits
f the analytical method. The thickness of the superconducting film, determined
y optical microscopy, was 1.8 �m, the width 0.7 mm and the length 2 mm.

mailto:wmwoch@agh.edu.pl
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aries because the inter-grain superconducting weak links are
responsible for the temperature dependence of the resistance.

The critical current density as a function of temperature in
which zero resistance level is reached is shown in Fig. 2. We
10 W.M. Woch et al. / Journal of Alloy

.2. Apparatus and experimental procedure

X-ray diffraction (XRD) studies with Ni-filtered Cu K� radiation including
ole-figure measurements were performed on an X’Pert instrument (Panalyti-
al, The Netherlands). Measurements of the resistance versus temperature were
arried out using the four point ac method. Electrical contacts were made by
ilver paint. The temperature from 77 to 300 K was monitored by a Lake Shore
emperature controller employing a chromel–gold + 0.07% iron thermocouple
ith an accuracy of ±0.05 K. A Stanford SR 830 lock-in nanovoltmeter served
oth as a source for ac currents with a frequency of 189 Hz and amplitudes up
o 85 mA and as a voltage meter. The applied current for which a voltage drop
f 0.1 �V was measured was considered to be the critical current at a given
emperature.

The real and imaginary ac susceptibility as a function of ac magnetic field
as measured for Hac ‖ a–b and Hac ‖ c by the standard mutual bridge operating

t the frequency of 189 Hz.
The measurements of ac resistance and ac susceptibility versus temperature

nd magnetic field exhibit a certain non-zero level of voltage which could not be
educed by the phase shift adjustment of the measuring bridge lock-in circuit.
hat is because of large dispersion in silver substrate. This effect is responsible

or the observation of non-zero level resistance below Tc as well as small negative
alue of imaginary part of susceptibility.

. Results and discussion

X-ray diffraction of the superconducting film showed some
-axis orientation. No secondary phases were detected in the
RD spectra. Pole-figure measurements showed that the in-
lane alignment was poor [5].

Resistance as a function of temperature for different values of
pplied ac current is shown in Fig. 1. From these measurements
e obtained the critical temperature at 50% resistance (Tc). A

ignificant resistive broadening of the transition width occurred
ith the applied current and Tc is shifted to lower temperatures
ith increasing current. Therefore, we plotted the critical tem-
erature versus critical current density and after extrapolation to
ero critical current density we obtained the critical temperature

alue of 114.9 ± 0.1 K.

A close inspection of the resistive transitions revealed a kink
round 111 K in all of the measured resistance versus tempera-
ure curves (see arrow in Fig. 1). We attribute this phenomenon

ig. 1. Resistance of a (Tl0.5Pb0.5)(Sr0.85Ba0.15)2Ca2Cu3Oz film on silver as
function of temperature for different values of transport currents (selected

urves). The arrow shows the kink on the resistive transitions at about 111 K
see text).
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ig. 2. Critical current density as a function of temperature in self-field (closed
ircles) of a (Tl0.5Pb0.5)(Sr0.85Ba0.15)2Ca2Cu3Oz film on silver. The solid line
s the theoretical fit of Eq. (1).

o a slightly different phase composition in the grain bound-
ig. 3. Imaginary (a) and real (b) ac susceptibility as a func-
ion of temperature for different ac magnetic field for H ‖ a–b of a
Tl0.5Pb0.5)(Sr0.85Ba0.15)2Ca2Cu3Oz film on silver.
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ssumed that the dependence is due to thermally activated flux
ow [7,8], the same as in our previous paper [4] and may be
escribed by the following equation:

c(T ) = Jc(0)

[
1 − T

Tc

]n

, (1)

here Jc(0) is the critical current density at 0 K, Tc is the critical
emperature and n is a fitting parameter which may vary between
.5 and 2.0 for high-temperature superconductors [4]. Fitting Eq.
1) to the experimental data (see solid line in Fig. 2) yielded a
ritical current density at 0 K (Jc(0)) of 7 ± 2 × 104 A/cm2 and
n n value of 2.0 ± 0.2. The high error of critical current at 0 K
omes from the numerical fitting. The critical current density in
elf-field at 77 K, calculated from Eq. (1) using the parameters
iven above, was found to be 8 ± 0.6 × 103 A/cm2.

The real (χ′) and imaginary (χ′′) parts of ac susceptibility
ere measured as a function of the ac applied magnetic field
oth parallel to the c-axis and to the a–b plane (Figs. 3 and 4). We
oticed that the superconducting film shows small differences of

he susceptibility plots. It means that the demagnetizing field is
ot very effective here and the differences of ac susceptibilities
or H ‖ a–b and H ‖ c are not very significant. One can conclude
hat superconducting weak links of Tl-1223 films on untextured

ig. 4. Imaginary (a) and real (b) ac susceptibility as a function of tempera-
ure for different ac magnetic fields for H ‖ c of a (Tl0.5Pb0.5)(Sr0.85Ba0.15)2Ca2

u3Oz film on silver.
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ilver are weaker than for our a–b aligned samples of the same
ype superconductor prepared on single-crystalline lanthanum
luminate [1,2,4].

The critical current density may also be derived from the
osition of the peak of the imaginary part of susceptibility χ′′
t different ac magnetic fields employing the Bean critical state
odel and its extensions [9]. At the peak at given temperature the

c field Hac penetrates into the sample and the critical current
nduced by the magnetic fields is equal to the critical current
ensity. The Bean model yields the following equation [10]:

c = 2Hac

d
, (2)

here d is the sample dimension perpendicular to the ac mag-
etic field. Using Eq. (2) we calculated the critical current
ensity for different temperatures and obtained a critical current
ensity of 5.3 × 104 A/cm2 at 77 K. This value is almost one
rder of magnitude higher than the value obtained from trans-
ort measurement. Such a difference between critical current
ensities derived from the magnetic and from transport mea-
urements, however, is not unusual and has been observed for a
umber of superconductors.

. Summary and conclusions

The temperature dependence of the resistance for differ-
nt applied ac currents as well as the ac susceptibility as a
unction of temperature for different ac magnetic fields were
easured and analyzed. The temperature dependence of the

nter-grain critical current density was determined from those
ata. The dependence obeyed a power law yielding a critical
urrent density of 8 × 103 A/cm2 at 77 K in the self-field. This
alue is about an order of magnitude smaller than the value
alculated from ac susceptibility data. The temperature and the
agnetic field dependences of ac susceptibility did not exhibit

ny significant differences in fields parallel and perpendicular
o the surface of the film. It was concluded that supercon-
ucting weak links of Tl-1223 films on untextured silver are
eaker than of the same superconductor prepared on single-

rystalline lanthanum aluminate studied in our previous paper
4].
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