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Flux pinning potential in Bi-2223 tapes irradiated by Xe ion
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Abstract
We have investigated the ¯ux pinning potential of Ag±Cu alloy sheathed Bi-2223 tapes with columnar defects
parallel to the c-axis introduced by Xe-ion irradiation. We measured the magnetic relaxation of the remanent. The
sample was cooled in zero ®eld and the ®eld above H*, where the ¯ux front penetrated at the center of the sample. The
time decay of the remanent moment was measured for about 105 s. The relaxation of the remanent moment showed
the linear ln(t) dependence in all observed temperature range. The change in the distribution of the activation energies with irradiation was obtained. Since the deeper pinning center were increased, it is expected that the columnar
defects will act as eective pinning centers. Ó 2001 Elsevier Science B.V. All rights reserved.
PACS: 74.25Ha; 74.60Ge; 74.72Hs
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1. Introduction
In the ®eld of power applications it is necessary
to fabricate superconducting materials with high
critical current densities Jc . Higher Jc is in general
achieved by increase in the ¯ux pinning energy in
superconductors. However, in the high-Tc cuprate
superconductors large ¯ux creep eect in the
magnetization has been reported [1]. Therefore we
have to clarify the origin of pinning mechanism
in the high-Tc superconductors. As a ®rst step we
introduced columnar defects in the Bi-2223 tapes
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parallel to the aligned c-axis (normal to the tape
surface) by Xe-ion irradiation and measured the
distribution of the ¯ux pinning energy [2]. In the
present paper we studied pinning energy distribution for the Bi-2223 tapes with columnar defects
by Xe-ion irradiation.

2. Experimental
The Ag±Cu alloy sheathed tapes were prepared by the powder-in-tube method. Ag±Cu alloy
sheaths in this study were ®lled with the Cupoor Bi-2223 powder, since copper atoms were
expected to diuse into inner oxide core from the
outer Ag±Cu alloy sheath. We have introduced
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Hf elements in the Ag±Cu alloy sheathed Bi-2223
tapes, which result in the improvement of the
transport Jc . The details of the preparation method, and the fundamental properties of the samples
were reported elsewhere [3]. Bi-2223 tapes with
typically 3:0  3:0  0:1 mm3 were irradiated with
3.5 GeV 163 Xe31 ion at the RIKEN ring cyclotron
facility to introduce columnar defects along perpendicular to the tape surface direction. The total
pin density was estimated to be 7:2  1010 cm 2 ,
which corresponded to a dose-equivalent matching
®eld of B/  1:4  0:2 T. This type of irradiation
has produced continuous amorphous tracks with
the diameter of 6 nm throughout the thickness of
the Bi-2223 sample. We estimated sample qualities
using X-ray diraction measurement and highresolution transmission electron microscope. We
con®rmed that the Hf atoms were substituted for
0.5±1% of Sr by high-resolution analyzed electron
microscopy (HRAEM) [4]. The magnetic properties were measured by using a superconducting
quantum interference device (SQUID) magnetometer. Pinning potentials were estimated from
the decay pro®les of the remanent magnetic moment for the unirradiated and irradiated Bi-2223
tape samples. In magnetic relaxation measurement
we adopted the following process: The magnetic
®eld was initialized to zero (about 20 lT); then the
sample was loaded at the measurement temperature; after the zero-®eld cooling, the magnetic ®eld
applied (H  1 T), and the relaxation of the magnetization was measured for about 105 s. The
magnetic ®eld was applied perpendicular to the
wide surface of the tape.
3. Results and discussion
The relaxation of the remanent moment for the
irradiated and unirradiated samples shown the
linear ln(t) dependence in all observed temperature
range as shown in Fig. 1(a) and (b). In order to
study the eects of temperature and irradiation on
¯ux creep, the magnetization M is normalized to
the initial magnetization M0 . It is clearly seen that
the slope of M=M0 versus ln(t) decreases the relaxation rate for the irradiated Bi-2223 tape samples. This result shows the critical current density
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Fig. 1. Magnetic relaxation measured of various temperature at
1 T for (a) the irradiated Bi-2223 tape and (b) the unirradiated
ones.

(Jc ) is possible to be improved in all temperature
range with the irradiation. The standard model for
¯ux creep in superconductors proposed by Anderson [5] has been used to analyze data on high
temperature superconductors. We use the model
due to Maley et al. [6] to analyze the data. Using
the rate equation of Beasley, Labusch and Webb
[7]: dM=dt  Bxa=pd exp Ueff =kT , where x
and a are the hop frequency and distance for a ¯ux
bundle, and d is the grain diameter. This leads to
the expression Ueff =k  T ln dM=dt ln Bxa=
pd for the eective pinning potential. Here we

496

H. Ikeda et al. / Physica C 357±360 (2001) 494±496

have estimated the value of the constant
C  ln Bxa=pd empirically by plotting the data
as Ueff =k versus M at each temperature for the
irradiated and unirradiated Bi-2223 tape samples
and adjusting C to obtain the smoothest curve.
The constant values are C  20 for irradiated case

and C  25 for unirradiated ones as shown in Fig.
2(a) and (b). The value implies physically reasonable values. It is considered that dierence of the C
behavior between the irradiated and unirradiated
case comes from the dierence of the induced defect structure with the irradiation. In the case of
the irradiation, since it produces columnar defect
(amorphous tracks with the diameter of 6 nm),
which yield a quite large pinning energy of high
temperature superconductors for vortices parallel
to the defects.
4. Conclusion
We observed the pinning energy distribution for
the unirradiated and irradiated Bi-2223 tape samples. Using the Maley's expression to analyze the
data, the change in the distribution of the activation energies with irradiation was obtained. Since
the deeper pinning center were increased, it is expected that the columnar defects will act as eective pinning centers.
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Fig. 2. The eective pinning potential Ueff as obtained from the
nonlinear equations for ¯ux creep versus the magnetization
M for (a) the irradiated Bi-2223 tape and (b) the unirradiated
ones.

[1] K.A. Muller, M. Takashige, J.G. Bednorz, Phys. Rev. Lett.
58 (1987) 1143.
[2] H. Ikeda, N. Kuroda, A. Iwase, T. Kambara, K. Yoshikawa, R. Yoshizaki, Physica B 284±288 (2000) 871.
[3] M. Ishizuka, Y. Tanaka, H. Maeda, Physica C 252 (1995) 339.
[4] H. Ikeda, Y. Tanaka, R. Yoshizaki, M. Ishizuka, K.
Yoshikawa, H. Maeda, in: Osamura, Hirabayashi (Eds.),
Advances in Superconductivity X, 1998, p. 787.
[5] P.W. Anderson, Phys. Rev. Lett. 9 (1972) 293.
[6] M.P. Maley, J.O. Willis, H. Lessure, M.E. McHenry, Phys.
Rev. B 42 (1990) 2639.
[7] M.R. Beasley, R. Labusch, W.W. Webb, Phys. Rev. B 129
(1969) 682.

