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ABSTRACT

The transport critical current density, Jct of Tl(Sri.xNdx)2CaCu2O7 (x = 0.1, 0.2 and
0.3) high temperature superconductors were measured at various temperatures. X-
ray diffraction patterns indicate that all samples consist of mainly of the 1212 phase.
The variation of Jct with Nd concentration, temperature and Tc were scaled using a
universal function. By plotting Jct versus T"(x) and [l-(77rc)

2]m we can divide the
temperature dependencies of Jct into two regions. In each region, a linear
relationship is suggested to hold between Jc, and [\-(T/Tc)

2]m. For x = 0.1, a
relatively large exponent m in the range 40 - 50 K is observed, but a lower value is
observed for a higher temperature range, 55 - 60 K. Average m for x = 0.1 in the
range 40 ~ 70 K is 1.8 but for x = 0.2 and 0.3, m is 0.6 and 1.2, respectively. This
can be interpreted as an indication that there is a change in the elementary flux
pinning force which is responsible for sustaining the supercurrent. A self-field
approximation indicates that Nd substitution lowers the distance between pinning
centers (Lc).

Keywords: critical current density, flux pinning, Tl(Sri_xNdx)2CaCu2O7,
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§1. Introduction

Transport supercurrent, Ict in high temperature superconductors is of both fundamental
and technological interest. The Josephson currents across grain boundary weak links
in polycrystalline high-7c superconductors are strongly affected by the self-field
produced by the measurement current1. Recent studies have attempted to introduce
flux pinning in understanding the electromagnetic properties of polycrystalline high-Tc

superconductors in zero field using self-field approximation2'3. It is of particular
importance to establish the vortex physics governing the variation of transport critical
current density, Jct at different temperatures in zero field.
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Apart from that, thermal energy also plays a major role in determining the
magnitude of Jct. Thermally activated flux flow causes a relaxation of persistent
current and sometimes reduces the Jct to zero4. Jc( as a function of T", temperature
has a tendency to be scaled using a universal function5'6. In the proposed function, the
variation of Jct with [l-(T/Tc)

2]m were divided into two linear regions with n and m >
0. In addition, th.e self-field approximation can be used to evaluate the variation of
Jct{T) with grain size, Rg and distance between pinning centers, Lc.

Superconducting perovskite-like cuprate T^Sri-^Nd^CaQ^O? were examined
for x = 0.1, 0.2 and 0.3. The Nd substituted 1212 Tl(Sro.65Ndo.35)2CaCu207 has been
synthesized and found to have a transition temperature of 81 K at onset7. In this
paper, we report on the effect of Nd substitution on the supercurrent transport
properties of T^Sri^Nd^CaQ^Ch (x — 0.1 to 0.3). By applying the universal
function and the self-field approximation, the variation of Jct with [l-(T/Tc)

2]m, T" and
Lc in zero field is also reported.

§2. Experimental Details

Powder of Tl(Sri.xNdx)2CaCu207 with x = 0.1, 0.2, and 0.3 were prepared by the
standard solid state reaction and precursor method from 99.99 % pure SrCC>3 and
Nd2O3, 99.95 % pure CaO and 99.999 % pure CuO. The powders were ground and
mixed in appropriate stoichiometric amounts and calcined at 900 °C for over 24
hours with several intermittent grindings. The Nd2O3 powders were dried prior to
use. The heated precursor were then mixed completely with appropriate amounts of
TI2O3 (99.99 %) and then pressed into pellets of 13 mm diameter and 3 mm
thickness. These pellets were sintered at 1000 °C for 5 minutes in flowing O2

followed by furnace cooling.
The samples were characterized by X-ray powder diffraction (XRD) using a

Siemens D 5000 Diffractometer with Cu-Ka source. The transport critical current
density were measured using the 1 uVcm"1 criterion with the 4-point probe method.
A constant current source between 10 mA to 300 mA was used throughout the Jct

measurements. The Scanning electron micrographs were recorded using a Phillips
XL 30 Scanning Electron Microscope (SEM).

§3. Results and Discussion

The X-ray diffraction patterns of the Tl(Srj.xNdx)2CaCu2O7 for x = 0.3 is shown in
Figure 1. The 1212 phase is dominant for all the samples that was indexed based on
a tetragonal unit cell with space group VAImmm where the refined a lattice parameter
increases with x but the c axis decreases as shown in Figure 2. The reduction of c
axis can be easily explained since the ionic radius of Nd3+ (0.995 A) is smaller than
Sr2+ (1.12 A). The variation of a axis with x cannot be understood from the size
effect of metallic ions. However, substitution of Nd3+ for Sr2+ leads to the
conversion of smaller Cu3+ to larger Cu2+, i.e. expanding the CuO framework, thus

• 8 9

increasing the a axis ' .
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FIGURE 1. XRD pattern with nominal starting composition Tl(Sr0 7Nd0.3)2CaCu2O7

showing essentially 1212 phase.
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FIGURE 2. a and c lattice parameters versus Nd content in Tl(SrI.INdx)2CaCu2O7

with x = 0.1 to 0.3. Solid line is for eye-guide.
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FIGURE 3. Electrical resistance vs. temperature curves of Tl(Sri.xNdx)2CaCu207

forx =0.1 to 0.3.

Tc onset of 82, 85 and 89 K and Tczero of 60, 74 and 62 K (Figure 3) were found
for Tl(Sro.9Ndo.i)2CaCu207, Tl(Sr0.8Ndo.2)2CaCu207 and Tl(Sr0.7Ndo.3)2CaCu207

respectively. Figure 3 also indicates a linear relationship between the temperature
and electrical resistance in the normal state due to the two dimensional conduction10.
The average Cu valence for Tl(Sri.xNdx)2CaCu207 can be obtained from 2.50 - x if
an ideal stoichiometry is assumed. Therefore the optimum average Cu valence is
2.20.

SEM micrographs (Figure 4) of the internal section of the x = 0.2 sample
showed regular grains of between 2 - 4 (im in size. The transport critical current
density increases when the temperature is reduced as shown in Figure 5. The
magnitude of Jcl drops abruptly with temperature in the lower range of 40 - 50 K for
x = 0.1 whereas for x •=- 0.2 and 0.3, Jc, varies as a parabolic function and the sudden
drop of Jet occurred in the intermediate temperature range of 50 - 70 K. In other
words, Jct(T) becomes more significant at lower temperature region for x = 0.1 but
takes larger values in the intermediate temperature region for x = 0.2 and 0.3. This
phenomenon has been modeled in terms of grain size, Rg and the distance between
pinning centers, Lc using self-field approximation2'3. From this model we conclude
that for x = 0.1, Rg < Lc and for x = 0.2 and 0.3, Rg > Lc. SEM micrograph show a
uniform grain size, Rg which implies that higher Nd content lowers the distance
between the pinning centers.
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FIGURE 4. SEM Micrograph of TlCSro.gNdo
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FIGURE 5. Temperature dependence of Jct inTl(Sr1 .xNdx)2CaCu207forx = 0 . 1 ,

0.2 and 0.3. Solid line is for eye-guide.
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The conventional flux pinning theory was used to propose the expression Jc =
ATc\x)[\-{TITc)

2]m BrA where A is a constant5'6. By plotting Jct versus T"(x) and
[\-(T/Tc)

2]m, we can divide the temperature dependencies of Jct into two regions. In
each region a linear relationship is suggested to hold between the Jct and [l-(77rc)

2]m.
The slope has been evaluated in both regions assuming the relation of the proposed
function. For x =K>. 1, the relatively large exponent m is in the range 40 - 50 K but a
lower value existed for a higher temperature range, 55 - 60 K.

Contrary to x = 0.1, the exponent m for x = 0.2 and 0.3 are larger relatively in
the intermediate temperature region. Matsushita11 has theoretically suggested that m
= 1.8 in the range 50 ~ 77 K. As a matter of fact, our present data of average m in
the range 40 ~ 70 K for x = 0.1 is 1.8 however, for x = 0.2 and 0.3, m is smaller than
the suggested figure which are 0.6 and 1.2 respectively. Jct versus T"{x) has been
plotted as shown in Figure 6. The linear relationship at 60 K and 50 K suggests that
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FIGURE 6. Tc (x) versus Jct for Tl(Sr1<eNd, )2CaCu207 for x = 0.1 to 0.3 at

60 K and 50 K.
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§4. Conclusions

The highest Tc omel was detected for x = 0.3 at 89 K with an average Cu valence of
2.20. Our data of average m in the range 40 ~ 70 Kfor x = 0.1, 0.2 and 0.3 are 1.8, 0.6
and 1.2, respectively. This transition indicates that there is a change in the elementary
flux pinning force which is responsible for sustaining the supercurrent. The variation
of Jct with temperature for x = 0.1 can be assumed due to Rg < Lc and Rg > Lc for 0.2
and 0.3.
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