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Abstract The magnetoresistance and irreversibility fields
of commercial bismuth-based 1G tape were studied on
the basis of the temperature dependencies of the magne-
toresistance at the two relative orientations of magnetic
field and superconductor plane. The critical temperatures
of this tape are the following: Ttso ¢ = 110.3 K and
T.o = 109.9 K, and the width of superconducting transi-
tion is AT = 0.5 K. The widths of the transition to the
superconducting state versus applied magnetic fields were
derived for both orientations. The experimental data were
fitted using the formula AT = CH™ + ATy. The irre-
versibility field values were obtained and successfully fitted
as a function of temperature. At 77 K, they were found to
amount to H;,, = 72.8 kOe and H;,, = 5.5 kOe for the
parallel and perpendicular directions, respectively.

Keywords 1G superconducting tape - Width of
superconducting transition - Irreversibility fields

1 Introduction

The successful preparation of high-temperature supercon-
ductor (HTS) films and tapes has opened new oppor-
tunities for large-scale applications including power sys-
tem components such as electrical motors, generators,
power transmission cables, transformers, magnets, and

< W. M. Woch
wmwoch@agh.edu.pl

Faculty of Physics and Applied Computer Science, Department
of Solid State Physics, AGH University of Science
and Technology, Av. Mickiewicza 30, 30-059 Krakéw, Poland

superconducting magnetic energy storage devices [1-3].
Extensive investigations have been focused on optimizing
the fabrication and processing techniques of HTS wires and
tapes [4] giving the high values of critical current densities
and irreversibility fields. Typical critical current densities
of the first-generation (1G) bismuth-based tapes are of the
order of 30-35 kA cm~2 at 77 K and the self magnetic field
that gives the critical currents of the order of 120-170 A
[5-7]. These values decrease to 20-60 A in the magnetic
field B = 1T at 77 K. One of the highest reported criti-
cal current densities was about 115 kA cm~2 at 77 K [8, 9].
The high-temperature superconductors exhibit special fea-
tures in comparison to the classical ones. They are extreme
second type with a large penetration depth A of the order
of 103-10* A [10] and very small coherence length & of
the order of 10 A [11]. That makes the Ginzburg-Landau
parameter k = A/& is of the order of 10> or more. Other
important superconducting parameters are also extremely
anisotropic (e.g. the ratio of the c-axis to the a — b-plane
direction of penetration depths y = Ac/Ayp, is of the order
of 10-10% for YBCO and of the order of 10* for BSCCO)
like the critical currents, the irreversibility fields, and others.
This is due to the anisotropic layered structure of weakly
coupled CuO, superconducting planes.

In this paper, the temperature dependencies of the mag-
netoresistance of commercial bismuth-based 1G tape were
studied and the field dependencies of the transition width as
well as temperature dependencies of the irreversibility fields
are reported and analysed.

2 Experiment

The commercial first-generation bismuth-based supercon-
ducting tape used in the experiment was manufactured
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by the American Superconductor Company (AMSC). The
commercial identifier of this tape is the following: 1G High
Strength Plus 135A Ic min “5715 135” BSCCO.

The temperature dependencies of the magnetoresistance
were measured using the standard four-point a.c. method
option of the Quantum Design PPMS apparatus with 90 kOe
superconducting magnet. The measurements were carried
out for the two relative configurations of the tape plane and
the applied magnetic field: perpendicular and parallel.

3 Results and Discussion

The temperature dependencies of the magnetoresistance for
the perpendicular and parallel magnetic field orientations
with respect to the tape plane are shown in Fig. 1a, b, respec-
tively. At the zero field, the critical temperatures for this tape
are as follows: Tcso ¢ = 110.3 K and 79 = 109.9 K, and
the width of superconducting transition is ATy = 0.5 K.
One can notice a significant broadening of the supercon-
ducting transition with the application of the external mag-
netic field, which is typical for HTS [12, 13]. Some authors
link this phenomenon with the vortex structure and flux
motion mechanism [14, 15]. On the other hand, the resistive
transition from the normal to the superconducting state of
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Fig. 1 Temperature dependencies of the magnetoresistance for the
perpendicular a and the parallel b orientation of the applied magnetic
field with respect to the surface of the tape
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HTS hides many interesting physical phenomena [16] and
is possibly a key to understand the mechanism of a super-
conductivity of these materials. From this point of view,
the attention is paid to the width of the resistive transition
that is usually defined as AT = Togq — Tio 9% and its
dependence on the applied magnetic field. To take advan-
tage of the experimental curves that are shown in Fig. 1, the
widths of the transition versus applied magnetic fields were
derived for both directions and they are shown in Fig. 2. For
HTS, the resistive transition is relatively wide already for
H = 0. The width of the resistive transition can generally
be described in the following form [17]:

AT = CH™ + AT, ()

where m = 2/3 and AT, means the width at the zero applied
magnetic field. The exponent m is related to the exponent
n that appears in the temperature dependence of the irre-
versibility field by the relation: m = 1/n. The coefficient
Cdepends on the critical current at zero magnetic field as
well as on the critical temperature. The experimental data
presented in Fig. 2 (open squares for the plane of the tape
perpendicular to the applied magnetic field and open cir-
cles for parallel direction) were well fitted using (1) (the
solid lines in Fig. 2). For the each direction, the two param-
eters, m and C, were used as the fit parameters in (1). The
width of the resistive transition at the zero applied magnetic
field ATp = 0.5 K was taken from the experimental data.
The parameters m and C obtained from the fitting proce-
dure are 0.41 £ 0.02 and 8.4 £ 0.7 for the perpendicular
direction and 0.51 £ 0.03 and 2.04 £+ 0.24 for the parallel
direction, respectively. The critical exponents derived from
these fits are generally smaller than the theoretical m = 2/3
in (1). Smaller m corresponds to a more two-dimensional
vortex structure [18], and it means that the pining force is
rather strong and, as a consequence, the critical current can
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Fig. 2 The width of the transition versus the applied magnetic field
for the perpendicular (open squares) and the parallel (open circles)
orientation of the applied magnetic field with respect to the surface of
the tape. Solid lines are the fits to (1)
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reach higher values. Indeed, the density of the critical cur-
rent of this tape is J. = 1.7 10* A/cm™2 at 77 K in the self
magnetic field [19]. One can notice that at the zero applied
magnetic field the width of the resistive transition is very
small and rises when the magnetic field is increased. The
width of the resistive transition starts from ATy = 0.5 K at
the zero applied magnetic field and reaches AT =204 K
at 90 kOe for the parallel and AT = 52.5 K at 90 kOe
for the perpendicular orientations. Similarly to the other
structural and superconducting parameters, the width of the
resistive transition also shows the anisotropy depending on
the applied magnetic field.

The most important curve on the H-T phase diagram of
HTS is the irreversibility line [20, 21] that separates the
vortex glassy from the vortex liquid state. This line is deter-
mined by the temperature dependence of the irreversibility
fields above that the flowing current forces the vortices to
move. It means that energy dissipation appears and super-
current vanishes. From this point of view, the irreversibility
field of HTS plays a similar role to that of the upper critical
field in classical superconductors. The temperature depen-
dence of the irreversibility fields can be described by the
following relation [20, 21]:

T \"
Hirr = Hjrro (1 - a) (2)

where H;,, is the irreversibility field at 0 K, T is the zero
critical temperature at zero magnetic field and the expo-
nent n which is theoretically 3/2, can vary in the wide range
and it depends on the vortex properties. One can assume
[16] that the temperature at which the whole sample stayed
superconducting (resistance equal to zero) at the given mag-
netic field separates the reversibility from the irreversibility
region. The data H;,(T) were extracted from the magne-
toresistance measurements and they are shown in Fig. 3.
The experimental data of H;,,(T) were successfully fitted
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Fig. 3 Irreversibility fields as a function of temperature for the per-
pendicular (open squares) and the parallel (open circles) orientation of
the applied magnetic field with respect to the surface of the tape. Solid
lines are the fits to (2)

using (2) with the two fit parameters: n and Hj,. The zero-
field critical temperature 7co = 109.9 K was taken from the
experiment (solid lines in Fig. 3). The fit procedure deliv-
ers the following fit parameter values: n = 2.37 £ 0.07
and H;,, = 1280 = 110 kOe for the parallel direction
andn = 3.5&+ 03 and H;,, =400 £ 60 kOe for the
perpendicular direction. Such high values of the exponents
in (2) confirm that the pining forces of this tape are really
strong. The irreversibility fields show distinct anisotropy
and, at the liquid nitrogen temperature, they are as follows:
H;,, =72.8kOe and H;,, = 5.5 kOe for the parallel and
perpendicular directions, respectively. The anisotropy ratio
can be written as follows [22]:
e Heonay — Hirriab

y = = = ) 3)
Aab Heone Hinie

where the upper critical fields parallel to the ab plane and
to the c-axis, respectively, were replaced by the irreversibil-
ity fields suitable for both directions. For this tape, the
anisotropy ratio amounts to y = 13 at 77 K. One can
say that if the magnetic field is perpendicular to the surface
of the tape, it influences on the superconducting properties
stronger than in the parallel direction. Similar dependen-
cies were found for the critical current densities J.(H) [23].
These behaviours can be explained assuming that the tape
consists of the oriented grains that have CuO, planes par-
allel to the surface of the tape. It means that the ab planes
are parallel and the c-axis is perpendicular to the surface
of the tape, respectively. One can say that in this aspect the
tape properties reflect with the two-dimensional nature of
BSCCO superconductors.

4 Conclusion

The superconducting bismuth-based tape possesses good
superconducting parameters: a high critical temperature
Teso % = 110.3 K, a small width of the superconducting
transition ATy = 0.5 K, and a high critical current den-
sity Jo = 1.7 10* A/em~? at 77 K in the own magnetic
field. The magnetic field dependence of the width of super-
conducting transition and the temperature dependence of
the irreversibility fields reveal an anisotropy that depends
on the applied magnetic field orientations with respect to
the surface of the tape. The width of superconducting tran-
sition versus magnetic field was fitted using (1) with the
following fitted parameters: m = 0.41 and C = 8.4 for
the perpendicular direction and m = 0.51 and C = 2.04
for the parallel direction. The critical exponents of these
fits are generally smaller than the theoretical m = 2/3 in
(1). The irreversibility fields versus temperature were fitted
using (2) with the following fitted parameters: n = 2.37
and H;,, = 1280kOe for the parallel directionandn = 3.5
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and H;,, = 400 kOe for perpendicular direction. The val-
ues of the exponents of (1) as well as (2) confirm that the
pinning forces of this tape are really strong. Basing on the
fit parameters of (2), the irreversibility fields at the liquid
nitrogen temperature were calculated and they are as fol-
lows: H;,, = 72.8 kOe and H;,» = 5.5 kOe for the
parallel and perpendicular directions, respectively. Using
(3), the anisotropy ratio of the irreversibility fields’ paral-
lel and perpendicular orientations, respectively, of this tape
was estimated and it amounts to y = 13 at 77 K. A conclu-
sion that the bismuth-based superconducting tape contains
oriented grains that have CuO; planes parallel to the surface
of the tape could be taken into consideration basing on the
results of this study.
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