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Abstract

The E-J characteristics were measured for a YBCO-coated conductor by using the
four probe method and the relaxation method of DC magnetization. The result on
the latter measurement at extremely low electric fields was theoretically analyzed
based on the flux creep-flow model. From the result on n-value the flux lines in
YBCO are considered to be in the glass state even at high fields. The apparent
pinning potential U estimated from the relaxation of DC magnetization is much
larger than that of Bi-2223. The present theoretical analysis clarifies a much stronger

flux pinning and a higher dimensionality of YBCO in comparison with Bi-2223.
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1 Introduction

YBCO is most promising for a power application because of a superior critical
current characteristic at high magnetic fields in various high-7, superconduc-
tors. This characteristic depends on the electric field and the range of electric
field that the superconductor experiences is different depending on the kind
of application. For example, AC power cable is used in relatively high electric

field region, while NMR device is used in extremely low electric field region.

Recently long YBCO coated conductors with high critical current are success-
fully fabricated. Application of such conductor is really expected. Hence, the
evaluation of F-.J characteristics of YBCO coated conductors in a wide range
of electric field is necessary. Although the E-J characteristic at relatively high
electric fields is usually measured by resistive method, that in the range of
extremely low electric field region has not yet been clarified. Therefore, it is
necessary to measure the F-.J characteristic in this electric field region. In this
paper, this characteristic is measured by a relaxation method of DC magne-
tization, and the result is compared with a theoretical analysis based on the
flux creep-flow model [1] as well as that in a relatively high electric field region
measured by a four probe method. Furthermore, the n-value and the apparent
pinning potential UJ, which characterize the applicability of superconductor,

are also evaluated.

2 Experimental details

The specimen measured is an YBCO coated wire made by IBAD method. The

c-axis was directed normal to the flat surface of the wire. The specification of



the specimen is shown in Table 1. The magnetic relaxation was measured in
a magnetic field along the c-axis in a temperature range of 30 0 60 K using
a SQUID magnetometer (MPMS-7). The magnetic field of sufficient strength
was first applied to the specimen, and then reduced to an aimed value, and the
relaxation of the magnetic moment, m, was measured. The current density, .J,

and the electric field, E, are estimated by the following equations [2]:
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where [ is the length, w is the width and d is the thickness of specimen. Eq.
(2) gives a mean electric field in the specimen for a magnetic field distribution

given by Bean’s model.

The four probe method was also used in the magnetic field parallel to the c-axis
to measure the F-J characteristics in the range of relatively high electric field
in a temperature range of 30 0 60 K. The specimen was chemically etched to
a shape of a bridge and the dimension of narrow region was 1 mm long and

100 pm wide.

3 Results and Discussion

The results of both measurements at 40 K and 50 K are shown in Figs. 1 and 2,
respectively. The data obtained by the four probe method and the relaxation
method of DC magnetization are distributed in the regions of relatively high
(E =103 ~ 10°) and extremely low (F = 1078 ~ 107% V/m) electric field.
At 40 K, J. is very high at low fields and the resistive measurement could

not be performed. At 50 K, a connection between the data obtained by the



two methods is not consistent at low fields. Since the two measurements were
consistent in a previous experiment on Bi-2223 tape [3], the reason for the
present inconsistency is not clear. Because of this inconsistency, a focus is

given on the results of magnetic measurement.

The above result is compared with a theoretical analysis using the flux creep-
flow model. According to this model, the E-J characteristics can be calculated
using the pinning potential given by [4]

0.835¢%kpJy’

C

0= W, (3)
where J is the virtual critical current density in the creep-free case and g2 is

the number of flux lines in the flux bundle. The magnetic field and temperature

dependencies of J.y at low fields are assumed as

m
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where A, m and v are pinning parameters. Here, it is assumed that A is

distributed as

(5)
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where A, is the most probable value, 0° is a constant representing the degree

of deviation and K is a constant.

The value of g2 is assumed to be determined so that the critical current density

under the flux creep might take on a maximum value [5], and is given by
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where a¢ is a flux line spacing, 14 is an oscillation frequency of the flux bundle,

ge 1s a value of g when flux lines form a perfect triangular lattice, and U, is

the value of Uy when g = g,. Strictly speaking, g? depends on E as well as on



B and T. However, the value of ¢g> =1.39 at £ =107 V/m, B=0.3 T and

T = 70 K is approximately used as a typical value in the present calculation

[1].

The parameters A, o2, m and v used in the numerical calculation in the
whole ranges of temperature and magnetic field are listed in Table 2. These
parameters were determined so as to obtain a good agreement between the
theoretical and experimental E-J curves in extremely low electric field region.
The results calculated in a wide range of electric field are shown by solid
lines in Figs. 1 and 2 to compare with the experimental results. Although
the theoretical results disagree with the experimental results of the resistive
measurements at relatively high electric field, the observed E-J characteristics

at low electric fields can approximately be explained.

The present result on the YBCO coated conductor is completely different from
a previous result on a Bi-2223 tape. In the Bi-2223 tape, the E-J curve was
concave downward showing the typical behavior in the liquid state of flux lines
even at low magnetic field such as 0.1 T at 50 K. On the contrary the E-J
curve is concave upward showing that flux lines are in the glass state even
at high fields at the same temperature for the YBCO tape. This difference is
attributed to the differences in A,,, and ¢?: A, = 9.0x10® and ¢> = 1.39
in the Bi-2223 tape. The difference of the flux pinning causes the difference
of A, and the difference of the dimensionality of superconductor causes the

difference of the both quantities.

Figs. 3 and 4 show the n-value in the relatively high and extremely low electric
field regions, respectively. At 40 K and 50 K, the n-value at extremely low
electric fields is entirely larger than that at the relatively high electric fields.

Therefore, flux lines in the YBCO coated conductor in this temperature region



is the glass state. On the other hand, in the field region above 2 T at 60 K,
the n-value at low electric fields is smaller than that at high electric fields,

showing that flux lines are in the liquid state.

The apparent pinning potential Uj is estimated from the relaxation of mag-

netization:

1 oM ] )
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where M, is the initial magnetization before the relaxation. The results are
shown in Fig. 5. Uj has a sharp maximum at around the reduced temperature(7T/T.)
of 0.5 in the magnetic field range of the present measurement. This is differ-
ent from the case of Bi-2223 tape where U; takes a small peak at a low
reduced temperature [6]. Comparing with these figures, the apparent pinning
potential UJ for an YBCO wire has bigger potentials than that for Bi-2223
silver-sheathed tape wire. The value of Uj in YBCO tape is much larger than
that in Bi-2223 tape, which is lower than 100 meV. This difference is also
caused by the difference of the flux pinning strength and the dimensionality

of the superconductor.

4 Summary

The E-J characteristic of the YBCO coated tape is measured in the range of
relatively high and extremely low electric fields. This characteristic was suc-
cessfully explained by the flux creep theory. It is found that the E-J charac-
teristic is concave upward suggesting the glass state for flux lines even at high
fields. This behavior is clearly seen from the n-value. The apparent pinning

potential Uy is larger than 100meV and is much larger than that of Bi-2223.
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Table 1. Specification of specimen.
T(K) I(mm) w(mm) d(pm)
87.8 2.74 2.04 1.0

Table 2. Pinning parameters for using numerical calculation.
Be(0)[T]  pu(Te)[2m]  An A

80.5 2.0x107% 85x 10 0.009 0.62 3.0 27 3

Figure captions

Fig. 1. E-J characteristics of YBCO coated conductor at 40 K.

Fig. 2. E-J characteristics of YBCO coated conductor at 50 K.
Fig. 3. n-value of YBCO coated conductor at relative high electric field region.
Fig. 4. n-value of YBCO coated conductor at extremely low electric field region.

Fig. 5. Normalized temperature dependence of apparent pinning potential, Uj of

YBCO coated conductor at various magnetic fields
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