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Abstract

The E-J characteristics were measured for a YBCO-coated conductor by using
the four probe method, third harmonic voltage and the relaxation method of DC
magnetization at relatively high electric field(E = 1073 ~ 10°), middle electric
field(E = 1075 ~ 1075), extremely low electric field(E = 107% ~ 10%), respectively.
Inductive measurement of third harmonic voltage induced by an AC magnetic field
at various frequencies was used for estimation of the F-J characteristics at mid-
dle electric fields. Obtained E-J characteristics at various temperatures and DC

magnetic fields are compared with theoretical analysis of the flux creep theory.
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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-T, superconduc-
tors. The critical current characteristic is crucial for applications. This char-
acteristic 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 successfully fabricated.
Application of such conductor is really expected. This is why the evaluation
of E-J characteristic of YBCO coated conductors in a wide range of electric
field is necessary. The E-J characteristic at relatively high electric field and
extremely low electric field region are measured by 4 probe method and relax-
ation method of DC magnetization. However these method cannot measure
E-J characteristic at middle electric field region in addition to this 4 probe
method is destructive and relaxation method of DC magnetization cannot
measure the large sample. In this study, E-J characteristic is measured by
inductive method using third harmonic voltage in addition to the 4 probe and
relaxation method. This method can measure large sample and measure at
middle electric field region.

flux creep-flow modeld O O O

2 Experimental

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

The specification of the specimen is shown in Table 1. The third harmonic



voltage was measured in a magnetic field along the c-axis in a vtemperature
range of 60 O 85 K. The coil(400 turns, inner winding diameter of 2 mm, outer
diameter of 6.05 mm, and height of 1.12 mm )are mounted about 0.27 mm
above superconducting film. The current density, J, and the electric field, F,

are estimated by the following equations
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In the above K is the coil factor. According to previous study, the E-J char-
acteristic by 4 probe method agree with by relaxation method. So the coil
factor determined O 0 0O O O O d is the thickness of superconductor, I.is the

coil current when the third harmonic voltage generated in the coil.

The magnetic relaxation was measured in a magnetic field along the c-axis
in a temperature range of 50 0 77 K using a SQUID magnetometer. 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
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In the above [ is the length, w is the width and d is the thickness of

specimen.

The four probe method was also used in the magnetic field parallel to the c-

axis to measure the E-J characteristics in the range of relatively high electric



field in a temperature at 70 K.

3 Results and Discussion

Figure 1 shows the magnetic dependence of I,-V3 characteristics at 70 K, 130
Hz. Cleary the I., decreases with increasing Hy, namely, J. is decreasing.
Figure 2 shows the f dependence at 70 K,3 T. The Iy increase with increasing
f. The E-J characteristics at 70 K,77 K,85 K,are shown Figs. 3, Figs. 4 and
Figs. 5. The data obtained by the 4 probe method, third harmonic voltage,
relaxation method are distributed in the resions of relatively high, middle, and

extremely low electric field.

4 Summary
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Table 1. Specification of specimen.

T.(K) Il(mm) w(mm) d(pm)

relaxation 91 4.7 5 1.0
Vs 91 10 10 1.0

Figure 1 00O 1
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Figure 1: Y. Fukumoto et al./WSP-31/ 1SS2003
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Figure 2: Y. Fukumoto et al./WSP-31/ 1SS2003
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Figure 4: Y. Fukumoto et al./WSP-31/ 1SS2003
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Figure 5: Y. Fukumoto et al./WSP-31/ 1SS2003

10




