CURRENT-VOL T A GE CHARACTERISTICS

IN SUPERCONDUCTING Bi-2212 T

APES

M. Kiuchi, K. Noguchi, M. T agomori, T. Matsushita

Dep artment of Computer Science and Ele ctr onics, Kyushu Institute of T e chnolo gy,

680{4 Kawazu, Iizuka 820, Jap an

E-mail: kiuchi@aquarius10.cse.kyutec h.ac.jp

and

T. Hasegawa

Showa Ele ctric Wir e & Cable Co. Ltd., Kawasaki, Kanagawa 210, Jap an

ABSTRACT

The current-v oltage curves are measured for a dip-coated Bi-2212 tap e wire at

v arious temp eratures under the magnetic �eld parallel to the c-axis. It is found

that the current-voltage curves are approximately scaled on tw o master curves by

normalizing as predicted in the vortex glass-liquid transition theory

. Howev er,

the obtained dynamic critical index was ab out 3 and to o small in spite of two-

dimensional ux line systems. These results are comp ered with the theorical

analysis based on the ux creep- ow mo del taking account for the distribution

of pinning strength. It is found that the theorical result approximately explains

the exp erimental result on the scaling b ehavior, the critical indices and the

transition line.

1. Intro duction

It is known that the current-v oltage curves of high temp erature sup erconductors

collapse on tw o master curves when those are normalized by prop er functions of

temp erature.

1;2

How ev er, a similar scaling to the prediction of the vortex glass-liquid

transition theory can also b e derived from the mechanism of ux creep and ow.

3�5

Esp ecially

, when the e�ect of distributed ux pinning strength is taken into account,

the critical indices obtained from the mechanism of ux creep and ow are close to

exp erimental results. A satisfactory agreement was obtained b etw een the theoreti-

cal and exp erimental results for a Bi-2223 tap e wire.

6

In this pap er the scaling of

the current-v oltage curves is inv estigated for Bi-2212 tap e wire and the results are

comp ered with the theoretical analysis based on the ux creep- ow mo del.

2. Exp erimental

The measured sp ecimen was a Bi-2212 tap e wire prepared by a dip-coat pro cess.

Its size was ab out 40.0 mm long, 4.7 mm wide and 0.11 mm thick and the c-axis

was oriented normal to the at surface of the tap e. The critical temp erature, T

c

, was

93.0 K. The current-v oltage curves were measured by the four prob e metho d under

the magnetic �eld parallel to the c-axis. The pulse transp ort current with the p erio d

of 3 s was applied to the sp ecimen to reduce the joule heat at the current leads and

the voltage was measured across the voltage terminals separated by 1.0 cm. F urther

details of the measurement are given in Ref. 6.

Figure 1 shows the results of scaled current-v oltage curves at B =1.5 T. In this

case the obtained scaling parameters are T

g

= 28 K, � =2.6 and z = 3.3. The static

and dynamic critical indices at v arious magnetic �elds are represented in Fig. 2 and

Fig. 1. Scaling characteristics at B = 1:5 T.

Fig. 2. Static critical index, � : Solid and

op en symb ols represent exp erimental and

theoretical results, resp ectively .

Fig. 3, resp ectively .

3. Flux creep- ow mo del

According to the ux creep mo del,

5

the induced electric �eld due to the thermally

activ ated uxoid motion is describ e as

E

cr

= B a

f

�

0 exp

"

�

U (j )

k

B

T

#

�

1 � exp

�

�

� U

0 j

k

B

T

�

; j � 1;

= B a

f

�

0

�

1 � exp

�

�

� U

0

k

B

T

�

; j > 1; (1)

where j = J =J

c0 is the normalized current density by the virtual critical current

density , J

c0

, in the creep-free case, a

f is the uxoid spacing, �

0 is the oscillation

frequency of the ux bundle, U is the activ ation energy and U

0 the pinning p otential.

On the other hand, the contribution from the ux ow is

E

�

= 0; j � 1

= �

f

(J � J

c0

); j > 1 (2)

where �

f is the ux ow resistivity

. Here we approximate that the total electric �eld

is given by E = (E

2

cr

+ E

2

�

)

1=2

. This leads to E

cr for j < 1 and E

� for j � 1. Since

U

0 and U are expressed using J

c0

, the current-v oltage curve can b e calculated when

J

c0 is given.

5

W e assume the following temp erature and magnetic �eld dep endences

of J

c0

:

J

c0

= A

"

1 �

�

T

T

c

�

2

#

m

B

�1

�

1 �

B

B

c2

�

�

; (3)

where A, m, and � are the pinning parameters.

Fig. 3. Dynamic critical index, z : Solid and

op en symb ols represent exp erimental and

theoretical results, resp ectively .

Fig. 4. Exp erimental (symbols) and theoret-

ical (lines) results of critical current density .

In is considered that the ux pinning strength is distributed in practical sup er-

conductors.

5

F or simplicity

, we assumed that only A in Eq. (3) is distributed in the

form:

f (A) = K exp

"

�

(log A � log A

m

)

2

2�

2

#

; (4)

where A

m is the most probable v alue, K is a constant determined by the condition

of normalization and �

2

is a constant representing the degree of deviation. Then, the

electric �eld is given by

E (J ) =

Z

1

0

E f (A)dA: (5)

The parameters used in the numerical calculation are; T

c

= 93:0 K, B

c2k

(0) = 34:5 T,

�

n

(T

c

) = 100 � m, A

m

= 2 � 10

12

, m = 7:0, = 0:67, � = 2:0, g

2

= 1:0 and �

2

= 0:90.

In the ab ove g

2

is estimated at 40 K and 1.5 T and assumed to b e constant. The

pinning parameters and �

2

are determined so that a go o d �t is obtained b etw een the

exp erimental and theoretical v alues of the critical current density

. The critical current

density was de�ned using the electric �eld criterion of 1:0 � 10

�4

V/m. Figure 4 shows

the results of critical current density

. The agreement seems to b e qualitatively go o d.

Hence, the numerical analysis is carried out using the ab ov e parameters.

4. Discussion

Figure 5 shows the scaled result of numerically calculated curves at B =1.5 T. The

scaling parameters obtained from the numerical analysis are T

g

= 24 K, � = 1:8 and

z = 4:1. Comparing the results with Fig. 1, we �nd that the scalings are similar

although the scaling parameters are slightly di�erent. Static and dynamic critical

indices are compared with exp eriments in Fig. 2 and 3, resp ectively

. Although the

results do not agree well, the present theoretical analysis explains approximately

small z v alues and relatively large � v alues. In Fig. 6 the transition line is compared

Fig. 5. Calculated scaled characteristics at

B =1.5 T

Fig. 6. Exp erimental (op en symbols) and

theoretical (solid symb ols) results of transi-

tion lines.

b etw een the exp erimental and theoretical results. Although the exp erimental result

is slightly higher than the theoretical one, the agreement is rather go o d.

It is to b e noted, how ever, that the scaling of the current-v oltage curves is not

p erfect for b oth the exp erimental and theoretical results. F or this reason, it is consid-

ered that the ux pinning strength is very widely distributed in this sp ecimen. This

sp eculation seems to b e asso ciated with a broad the transition curve of susceptibility .

5. Summary

The scaling of the current-v oltage curves is inv estigated for a dip-coated Bi-2212

tap e wire and the following results were obtained:

1. The current-voltage curves are approximately scaled on tw o master curves.

How ev er, the scaling was not p erfect. This seems to b e ascrib ed to b e the

widely distributed inhomogeneity of the sp ecimen.

2. The scaling of the current-v oltage curves, the tw o critical indices and the transi-

tion line are approximately explained by the ux creep- ow mo del. Esp ecially ,

the dynamic critical index was to o small in spite of tw o-dimensional ux lines.

This is caused by the inhomogeneous distribution of pinning strength.

6. References

1. M. P

. A. Fisher, Phys. R ev. L ett 62 (1989) 1415.

2. D. S. Fisher, M. P

. A. Fisher and D. A. Huse, Phys. R ev. B 43 (1991) 130.

3. S. N. Copp ersmith, M. Inui and P

. B. Littlewo o d, Phys. R ev. lett. 64 (1990)

2585.

4. T. Matsushita and N. Ihara, Pr o c. 7th Int. Workshop on Critic al curr ents in

sup er c onductors (W orld Scienti�c, Singap ore, 1994) p. 169.

5. T. Matsushita, T. T ohdoh and N. Ihara, Physic a C 259 (1996) 321.

6. M. Kiuchi, K. Noguchi, T. Matsushita, T. Kato, T. Hik ata and K. Sato, A dv.

in Sup er c onductivity (Springer, T oky o) VI I I, 1996, to b e published.