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Critical-current characteristics of c-axis-oriented (Bi,pb)2Sr2CazCu30„silver-sheathed tapes
from 10 K to T,o
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The dependence of the transport critical-current density on an applied magnetic field and temperature
of a high-J, (Bi,Pb)2Sr2Ca2Cu30 silver-sheathed tape has been measured in the range from 10 to 110K.
It is found that the transport critical current follows the relation J, =J,o(1 —aT+bT ). For T (40 K,
b =0, while for T )40 K, b )0. J, and the applied field follow a power-law relation J, ~ B (o.=0.3)
for T & 40 K and an exponential-law J, o- exp( —PB) for T & 65 K. For 40 K & T & 65 K, there is a tran-
sition field for J,(8, T). This represents a transition of the above two relations for J,(8). The experi-
mental results can be explained within the framework of the Aux-creep model in terms of dift'erent

potential-barrier forms. The limitation of J, from 10 K to T,o seems to be attributed to the Aux creep for
high-J, textured Bi(2223) Ag-sheathed tapes. The Aux lattice seems to experience a transition that is
similar to the Aux-lattice melting in this material in both applied-magnetic-field orientations near 40 K.

I. INTRODUCTION

It is known that the critical current of high-T, super-
conductors is influenced by the weak links among the
grain boundaries and the intragranular Aux pinning. In
order to overcome the inhuence of the weak link, some
particular fabrication techniques such as melt texture
growth, quench melt growth, and powder melt process
have been successfully developed. ' Except for these
techniques, the powder-in-tube method appears to be the
most effective technique for application on the industrial
scale. The Bi-system oxide superconductor is technologi-
cally important because a relatively high transport
critical-current density, J, —10 —10 A/m, can be ob-
tained in polycrystalline samples such as Ag-sheathed
tapes. ' Recently a high J, value of 6.9X10 A/cm has
been reported for Bi(2223)/Ag tapes. However, some
questions remain unclear, such as what is the mechanism
controlling J, in Bi(2223)/Ag tapes and does the increase
of J, only come from the improvement of the grain cou-
pling or is the J, determined completely by the Aux pin-
ning?

The present investigation was undertaken to study the
dependence of the critical-current density of a high-J,

textured Bi(2223)/Ag tape on the temperature, magnetic
field, and field orientation to provide a more complete
picture of the complex behavior from 10 K to T,Q.

II. EXPERIMENTAI. TECHNIQUE

The Bi(2223)/Ag tapes were prepared by the powder-
in-tube technique. Oxide powder with a nominal compo-
sition of Bi, 8Pbp 4Sr2 QCa2 zCu30 was produced by
codecomposition of metal nitrates. The oxide powders
were then packed into a silver tube with 4 mm outer and
2.4 mm inner diameters. The tape 4 mm wide and 0.2
mm thick was obtained using conventional deformation
techniques. The samples were heated at 840'C in air for
200 h with two intermediate room-temperature pressings.
The final thickness of superconducting core is about 45
P1Tl.

Transport J, measurements were performed by a stan-
dard four-probe method using a dc scanning power to
eliminate heating effects in the temperature range from
10 to 110 K obtained by means of Cryogenic Refrigera-
tion equipment in an applied magnetic field up to 1 T.
An iron-doped gold vs Chromel thermocouple with
a+0. 1 K accuracy was used to measure the temperature
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of the sample. An electric-field criterion of 10 v/m
was chosen to define J,. The magnetic field was aligned
perpendicular to the current direction and both parallel
and perpendicular to the tape surface.
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FIG. 1. Dependence of J, on temperature in applied magnet-
ic fields parallel to the tape surface.

The temperature dependence of J, in an applied mag-
netic field from 0 to 1 T parallel to the tape surface is
shown in Fig. 1. The J, of the sample shows a linear and
a quadratic curvilinear decay with increasing tempera-
ture below 40 K and over 40 K, respectively. Figure 2
shows the temperature dependence of J, in an applied
magnetic field aligned perpendicular to the tape surface.
It is similar to Fig. 1. For T (40 K, the J, of the sample
shows a hnear decrease with increase of temperature;
however, for T) 40 K, the J, manifests a nonlinear de-
crease with increase of temperature.

The determining factor of transport critical current in
polycrystalline high-temperature superconductors is con-
troversial at the present time. ' To clarify if the weak
links among grain boundaries still dominate the transport
critical current, we have measured the J, field depen-
dence with increasing and decreasing fields. It is found
that J,(8) is basically reversible, which provides evidence
that the effect of the weak links in the present sample is
negligible. Our experimental results of temperature
dependence of J, can be accounted for within the frame-
work of the Anderson-Kim Aux-creep model and by con-
sidering different dependences of the pinning potential
U(t, B,J) on J. According to this model, J,(t) at low
temperatures (t = T/T, ((1)is given by'

J,(B,t ) =J,(8,0) t 1 —a (8)t bt' j, —

where the linear term is determined from the kinetics of
the fiux creep and the coefficient b in Eq. (1) is derived
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FIG. 2. Dependence of J, on temperature in applied magnet-
ic fields perpendicular to the tape surface.

from the temperature dependence of the free-energy
difference between pinned and unpinned Aux quanta, ex-
panded in the form U(B, t)=U(8, 0)(l —bt ). The
coefficient a (8) is given by

a (8)=kT, /U(8, 0)ln(dB Q/F. , ) .

Here d is the average hopping distance of the Aux bundle,
A is the attempt frequency of the Aux bundle, and E, is
the electric-field criterion that defines J, . It is evident
from Figs. 1 and 2 that the temperature dependence of J,
in the whole temperature range from 10 K to T,0 is well
fitted by Eq. (1). For T &40 K, the coefficient b is equal
to zero. That is to say, U(B, t)=U(b, O), which implies
that the pinning potential can be regarded as independent
of temperature at low temperature below 40 K. We think
that the linear decrease of J, with increasing temperature
mainly results from the Aux creep at grain boundaries
and the Aux creep of the component of an applied field
along the c-axis direction owing to a little grain misorien-
tation when an applied magnetic field is aligned parallel
to the tape surface for T (40 K. In this case, a strong in-
trinsic pinning effect, i.e., a pinning effect by the multilay-
er structure itself, is theoretically foreseen" owing to the
modulation of the superconducting parameter along the c
axis as g, is much smaller than the stacking periodicity
length. The magnetic Aux will tend to lie between the
(Cu02)z blocks, i.e., in the regions where the supercon-
ducting order parameter is strongly depressed. We can
think that the creep of intragranular Aux lying between
the (CuOz)2 layers is negligible at low temperature, below
40 K. On the other hand, for T)40 K, the intragranular
fIkux will also experience a creep owing to the decrease of
the pinning potential U(B, t, J) with the increase of tem-
perature, and the inAuence of thermal activation. This
will result in a nonlinear reduction of J, with increase of
temperature. For an applied field perpendicular to the
tape surface, the linear reduction of J, mainly comes
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J,(B)o- exp( 13—B"). For our Bi(2223) Ag-sheathed tape
sample, p= 1.

The above discussion shows that the dependence of the
pinning potential U(B,t,J) of Bi(2223) Ag-sheathed tapes
on current density J follows the relationship
U(J) = Uoln(J, &/J) for T )65 K, which is in agreement
with the logarithmic barrier model of flux creep. So we
think that the intragranular flux experiences a collective
efFect of the flux creep for high temperature over 65 K.
The flux-lattice structure near 40 K may undergo a tran-
sition which is similar to the flux-lattice melting near 30
K observed by Gammel et al. ' in a Bi(2212) single crys-
tal. The results of Xu et al. ' that the irreversible field of
the Bi(2223) superconductor is very low for T )40 K also
seem to support our viewpoint above.

IV. CONCLUSION

For high-J, textured Bi(2223) Ag-sheathed tapes, the
main factor controlling J, is the flux creep in the temper-
ature range from 10 K to T,o in both applied magnetic-
field orientations. However, the creep characteristics at
low temperature, below 40 K and high temperature, over
40 K, are different. In other words, for T &40 K, the flux

bundles can be considered to be uncorrelated; however,
for T &40 K, there exists correlation between flux bun-
dles, i.e., it is necessary to consider the mutual effect be-
tween the Aux bundles for high temperature. That is to
say that the sample experiences the creep of a single flux
bundle and a collective effect of the creep of flux bundles
at low temperature, below 40 K, and high temperature,
over 40 K, respectively. This reveals that the pinning po-
tential U(B, t,J) and fiux-lattice structure are different
at low temperature, below 40 K, and high temperature,
over 40 K. U (B,t,J) follows the relationships
UoB (1—J/J, o) and

U(B, t, J)= Uoexp( 13B—)(1 bt )—ln( J,o/J)

at low temperature, below 40 K, and high temperature,
over 65 K, respectively. The flux lattice seems to under-
go a transition analogous to flux-lattice melting in both
applied-magnetic-field orientations near 40 K.
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