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Abstract

We have investigated the effect of y-irradiation on the transport properties
of a TIBaCaCuwOy polycrystalline superconducting sample under several
values of applied magnetic field using the resistivity measurements and |-V
characteristics. The polycrystalline sample was prepared by the conventional
solid state reaction method, and irradiated at room temperatur®®y aray
source at a dose rate of 0.5 MR/h. The critical temperature and the critical
current density at all applied fields were measured before and after irradiation.
We found that the y-irradiation has a minor effect on the critical temperature.
We also found that y-irradiation plays different roles on the critical current
density depending on the applied magnetic field and on the temperature. The
peak effect of the critical current density also was observed at 0.1 Tesla.

Keywords: TIBa,CaCusOx polycrystal; y-irradiation; vortex pinning forces,
Peak effect.

Introduction

Increasing the critical current density,, dn high-critical temperature (highgT
superconductors is one of the important goals that allows for their use in practical
applications, especially in those that require high magnetic fields. High-T
superconductors in magnetic fields of strength higher tharaiktl smaller than H

are known to be in the mixed state, where magnetic field penetrates them in form of
guantized magnetic vortices. .iHs the first critical magnetic field, below which no
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field penetrates the superconducting samplg.i¢ithe second critical magnetic field
above which the sample becomes normal. A transport current démsithe sample
produces a Lorentz force on the vortiégs (1/c) Ix®, trying to move them, where

®, is the quantized magnetic flux per vortex and c is the velocity of light. If the
Lorentz force is not opposed, the vortices will move with velocity a transverse
direction to bothJ and B, thus inducing an electric fields = (-1/c) Bxv. The
resulting dissipation of energy causes a non-zero effective resistance to appear in the
superconductor. If a pinning force on the vortices prevents Lorentz force from
moving them, they will be fixed in the material and no resistance will appear. Vortex
pinning results from spatial inhomogeneities of the material (arising from impurities,
grain boundaries, voids, etc.), which produces local reductions of the free energy of a
flux line, thus attracting and holding vortices to these locations. The pinning of
vortices in high-T of superconductors is fairly weak, especially at high temperatures
[1]. Hence there has been considerable interest in increasing the vortex pinning forces
by various sample treatments, especially using various energetic radiations.

The effects of energetic radiations on solids have been under intensive study for a
litle more than one hundred years. The mass of accumulated information is
enormous but the number of well-established principles is less impressive. Radiation
effects are caused primarily by alteration in the structure of the lattice, and the study
of radiation effects have been mainly an attempt to resolve these alterations into a
moderate number of lattice defects, and to elucidate the properties of these defects.

The effect of different types of irradiation on highstiperconductors has been
investigated since irradiation produces structural defects that act as effective pinning
sites. Irradiation by neutrons, [2], protons, [@gctrons, [4], y-rays, [5], and heavy
ions [6] has been very successful in this respect. However, more detailed temperature
dependence of vortex pinning before and after irradiation will provide more
information.

Recent magnetic measurements on non-irradiatedC(ga; (YBCO) crystals [1]
and on Bj Py sSrCaCusO;19 (BPSCCO) polycrystals [5] revealed that the detailed
variation of the vortex pinning strength with temperature consists of two distinct
components, one of which decreases very rapidly with increasing temperature at low
temperature, while the other continues to diminish gradually as the temperature rises
towards T. This behavior suggests that there are two different types of pinning sites
which vortices face, localized defects and extended defects.

Magnetic measurements on similarly prepared (BPSCCO) polycrystal showed the
same twasomponent behavior after y-irradiation at room temperature by%€o y-ray
source with a dose of 100 MR as before irradiation. This indicates that the primary
effect of y-irradiation is the enhancement of the low-temperature component which
decays rapidly with increasing temperature. This suggests that y-irradiation produces
localized defects which are effective vortex pinning centers at low temperatures.
More recent magnetic study on Pb-ion irradiated melt-textured,GilB®y crystals
[7] showed that vortex pinning is greatly enhanced by the Pb-ion irradiation at all
temperatures below T This result implies that the Pb-ion irradiation creates
extended structural defects, which are effective as pinning centers up to relatively
high temperatures.
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Revealing the influence of different types of crystal-lattice disorder on the
properties of high-J'superconductors is essential for a fundamental understanding of
their nature. Typically, two types of crystal-lattice disorder in superconductors are
investigated. The first type is microscopic associated with atomic scale defects such
as vacancies and impurities. The second type of crystal-lattice disorder is macroscopic
associated with structural inhomogeneities of the superconductors such as granular
structure [8]. There are still some contradictions in our understanding of the influence
of y-irradiation on the properties of high-3uperconductors, were it was reported that
y-irradiation might increase or decrease the critical temperature as well as the critical
current density [9-12].

To understand the effect of y-irradiation on the temperature dependence of the
critical current density J we have conducted transport measurements on a
TIBa,CaCusOy polycrystal before and after irradiation. Our study avoids structural
discrepancies between samples since it has been done on the same sample. Since our
interest in this TIBgCaCuOx superconductor is in increasing its vortex pinning force
at elevated temperatures, this study was conducted in temperature range from 80 to
105 K. In section 2 of this paper, we present our experimental setup and the details
procedures followed in obtaining the data. In section 3, we present our data and
discuss these results by comparing them to the most recent reports on this topic. In
section 4, we summarize and conclude our results.

Experimental details and procedures

Our sample with nominal composition THEzs,CusOy, was prepared using the solid-

state reaction method. It was cut in a rectangular shape with dimensions 8x4x0.1
mm°®. The R-T curves and |-V characteristics were measured using the standard dc
four-probe method with magnetic field applied parallel to the surface of the sample.
I-V characteristics were investigated over temperature range of 80 -105 K in zero, 0.1
1, and 0.2 T applied magnetic fields (t stands for Tesla). The critical current densities

were determined using an electric field criterion of 1uV/cm. The temperature was
measured with a calibrated platinum resistance sensor with an accuracy of + 0.1 K.
The probes were fixed with silver paste to the rectangular — shaped sample. In all
measurements, the sample was first zero-field cooled down to 80 K. At zero applied
magnetic field, the temperature was increased in steps of 5 K up to 105 K. At each of
these temperature values, the |-V characteristics were measured. The sample was
again zerdfeld cooled down to 80 K, and then a magnetic field of 0.1 T was applied.

The temperature then was raised in steps of 5 K up to 105 K, where the |-V
characteristics were measured at each of these steps. The same procedure was
repeated at 0.2 t. After all the R-T and |-V measurements were made at all applied
fields, y-irradiation of the sample was done at room temperature $¢@y-ray

source at a dose rate of 0.5 MR/h. All the measurements were repeated on the sample
after irradiation.
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Results and discussion

From the R-T measurements we have found that critical temperatuat®.0 1, 0.1 1,

and 0.2 T was 125 K, 120 K, and 115 K respectively. These values increased very
slightly after y-irradiation dose of 50 MR.

Fig. 1 summarizes our results of the effect of y-irradiation of a dose of 50 MR on the
critical current density as a function of temperature at all applied fields. The
temperature dependence of current densityt &ll values of applied magnetic field
befare y-irradiation is represented by solid lines in the figure. As expected, it is clear
from this figure that Jdecreases with increasing temperature at all applied fields.
From a log-log graph of.aand (1-T/T) we found thatJis proportional with (1-T/3"

where B = 6.5 at 0.0 1, and 2 at 0.1 t through the whole temperature range. At 0.2 t

we can identify two-component behavior gf At low temperatures (T{K 0.77), J¢
decreases very fast with increasing temperature with f = 6. At high temperatures
(T/T¢> 0.77), d decreases slowly and linearly with increasing temperature with § = 1.

The figure also shows that at 0.2 1 the values of J; approach those at 0.0 7, indicating

that at high temperatures the magnetic field has almost no effect on the critical current
density. From the figure we also can see that due to the very slow decreaaé of J
0.1 7, its values remain larger than those at 0.0 t at high temperatures, which is not
expected.
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Figure 1. Temperature dependence of the current dengiiyt 8.0, 0.1, and 0.2 1
applied magnetic fields before and after 50 MR dose of y-irradiation.
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The behavior of Jwith temperature at all applied fields after y-irradiation of a
dose of 50 MR is represented by the dashed lines in the figure. It is cleag that J
behaves qualitatively similar to that before irradiation. We still see the one-
component behavior at 0.0 t and 0.1 T with B = 6 and 1.5 respectively. At 0.2 1, J; has
two components; One at low temperatures {KED.77), with B = 6 and the other at
high temperatures (T{F 0.77), with f = 1. The values of J; at 0.2 t are nearly equal
to those at 0.0 t, as was shown before irradiation. At high temperatures, the values of
Je at 0.1 t become larger than those at 0.0 T, which is similar to the situation before
irradiation. The unexpected larger values ©#tJ0.1 t compared to those at 0.0 t
before and after irradiation through most of the temperature range is a manifestation
of the peak effect of the criticalirrent density [13, 14], suggesting that 0.1 t could
be the matching field for our sample.

The influence of y-irradiation at the dose of 50 MR on pinning the vortices in the
sample can be more clarified by focusing on theelsus temperature curves before
and after irradiation at each specific value of the applied magnetic field. From the
figure, we see that the effect of y-irradiation at 0.0 t and 0.1 7 is to slow down the rate
of decrease ofcJwith increasing temperature. The effect of decreasing the values of
J. can be explained by saying that the grain boundaries in this granular shigh-T
superconducting sample became more efficient in depressimng tiis dose of y-
irradiation. The influence of these weak links is known to depressahgly with
increasing the applied field. But as shown in the figure, the slightly larger values of J
after irradiation at 0.2 t and at low temperatures could be a sign of point-like defects
caused by the 50 MR dose of y-irradiation. This result confirms our previous results
on BPSCCO polycrystals [5].

Conclusion

We have measured the peak effect of the critical current density for this sample at the
applied field 0.1 . We have found that at magnetic fields 0.0 t and 0.1 1, y-irradiation

at a dose of 50 MR suppressed the values of the critical current density through out
the whole temperature range. However, the considerable effect of this dose of y-
irradiation at those fields was to slow down the rate of decrease of the critical current
density as the temperature increases through out the whole temperature range. At the
applied field of 0.2 1, y-irradiation at a dose of 50 MR was found to have a remarkable
effect only at low temperatures where it slightly enhanced the values of the critical
current densityThese important effects suggest that y-irradiation at a dose of 50 MR
produced mostly localized point-like defect sites. These localized point-like defects
are considered to be effective pinning sites only at low temperatures.
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