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Current-enhanced anisotropy of BiaSroCaCuz0g in the mixed state
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Transport and local magnetization measurements carried out simultancously in BiaSryCaCuz0g (BSCCO)
crystals reveal finite resistivity well below the magnetic irreversibility line, where the vortices should be pinned
This resistivity is non-monotonic with temperature and extremely non-linear. We describe the new observation
in terms of a shear-induced decoupling, in which the pancake vortices flow only in the top few layers and are

decoupled from the pinned vortices in the rest of the crystal.

Investigation of transport properties in type
IT superconductors is one of the most common
methods to study vortex dynamics. The mea-
sured resistivity describes the vortex motion as a
function of temperature, magnetic field, and the
applied current. In layered anisotropic supercon-
ductors like BSCCO the typical ratio of in-plane
to out-of-plane resisitvities pap/p. ~ 1074, and
furthemore, the resistances can be significantly
non-linear [1]. As a result, the measured resis-
tance R depends on sample geometry and contact
configuration. Yet it is generally assumed that
the local values of p,; and p. are determined by
the corresponding current densities j,5 and j,. In
this paper we demonstrate that at elevated cur-
rents an additional important element, the c-axis
gradient of the in-plane current dj,s/dz, may have
a dominant effect in highly anisotropic materials
like BSCCO. This gradient induces a very large
velocity gradient dv,s/dz of the pancake vortices
in the different CuO; planes, leading to Joseph-
son decoupling of the planes and to significant
increase of p, and the anisotropy v.

Four wires were attached to the top ab surfaces
of BSCCO crystals. The bottom surface of the
crystals was attached to an array of 19 2DEG Hall
sensors, 30 x 30 um? each, allowing simultaneous
resistance and local magnetization measurements

in the presence of transport current. Some crys-
tals contained columnar defects produced by 5.8
GeV Pb irradiation with very low matching fields
By = 5 to 60 G. The results are qualitatively
similar before and after irradiation. Typical re-
sults of simultaneous resistive and magnetization
measurements in presence of elevated transport
current I, are shown in Fig. 1. The results seem
to be paradoxical. Finite resistivity should be
present only above the magnetically measured IL
(above 1600 Oe in Fig. 1). Below the IL the resis-
tivity should be immeasurable in standard trans-
port measurements. This is indeed the case at
low I,. However, at elevated currents, substan-
tial resistance is measured con- currently with the
hysteretic magnetization well below the IL as seen
in Fig. 1. From the width of the hysteretic mag-
netization loop we evaluate the critical current
density J. = 1.8 x 10* A/cm?2, which translates
into total critical current of I, = 3.7 A at T=30K
and H,=500 Oe. Obviously, a transport current
of 25 mA, which is more than two orders of mag-
nitude lower than I, cannot result in measurable
resistance under regular circumstances.

Figure 2 shows I.(T') determined from the mag-
netization measurements together with the re-
sistive data at various applied currents I,. At
low currents R(T') is monotonic and only weakly
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Fig.1 Resistance (right axis) and hysteretic mag-
netization loop in the sample center (left axis) vs.
H, at T=30K and I; = 25 mA.
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Fig.2 Resistance at various I, (left axis) and mag-
netically measured critical current (right axis, cir-
cles) vs. T for irradiated sample of B, = 60 G.

current dependent, and has a rather well-defined
temperature Tr—o at which R(T") drops below ex-
perimental resolution. All these features change
drastically at higher currents. The resistivity first
drops to a minimum and then increases again
by orders of magnitude, accompanied by a large
shift of Tr—o to lower temperatures. The reen-
trant resistance always occurs in the region where
I, < I,. Heating effects can not explain the ob-
served nonmonatonic R(T) and the discrepancy
between resistive and magnetization data, since
these two measurements are affected to the same
extent in our experimental configuration.

We describe the observed phenomena in terms

of shear-induced decoupling and shear-enhanced
anisotropy. At elevated temperatures in the
vortex-liquid phase the in-plane current den-
sity jab(2) decreases approximately exponentially
from the top surface to the bottom [1]. As T
is decreased the pinning becomes more effective.
At some T the current density at the bottom be-
comes comparable or lower than J.. As a result
the vortices at the bottom stop moving or reduce
their velocity substantially, whereas the vortices
at the top maintain their high velocity since the
current density there is significantly above J.. As
a result, the velocity gradient between the planes
dvap/dz is increased. The enhanced dv,y/dz re-
sults, in turn, in shear-induced phase slippage
between the adjacent CuO, planes reducing the
Josephson coupling and leading to decoupling of
the planes [2,3]. As a result p. and hence « are
increased significantly. The large p. prevents the
lower vortex pinned region from effectively shunt-
ing the current. This process is “self-enhanced”,
since larger -y causes the current to flow in a shal-
lower layer, which results in even larger gradi-
ent djsp/dz, and larger p,. The shear-induced
decoupling explains the observed nonmonotonic
R(T), the highly non-linear R(I), and the appar-
ent discrepancy between the transport and the
magnetization data. As T is decreased, this pro-
cess causes an effective increase of 4, resulting in
the observed nonmonotonic R(T) in Fig. 2. In
addition, the current gradient grows as I, is in-
creased, giving rise to the extremely non-linear
R(I) behavior in Fig. 2.
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