Vol.

124

ACTA PHYSICA POLONICA A

(2013)

No. 4

Inuence of the Granularity on the Transversal Resistance
in Y0.55Pr0.45Ba2Cu3O7−δ Superconductor
M.S. da Luz
a

a,b,∗

, C.A.M. dos Santos

b

and A.J.S. Machado

b

Instituto de Ciências Tecnológicas e Exatas, Universidade Federal do Triângulo Mineiro, Uberaba, Brazil
b
Departamento de Engenharia de Materiais, Escola de Engenharia de Lorena-USP, Brazil

(Received October 18, 2010; in nal form August 29, 2012)
This work reports longitudinal (RXX ) and transverse (RXY ) resistance as a function of temperature measured at low magnetic elds for Y0.55 Pr0.45 Ba2 Cu3 O7−δ polycrystalline sample. It is observed non-zero transverse
resistance at zero applied magnetic eld below superconducting transition. The comparison between RXX (T )
and RXY (T ) curves demonstrate unambiguously that the transverse resistance is related to the double resistive
superconducting transition in granular superconductors. I V curves indicate that the transport properties of the
investigated sample are in agreement with the predictions of the two-uid model.
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1. Introduction

The transverse resistance in the superconducting state
is one of the major tools for studying vortex dynamics
and has attracted great attention during the past decades
[115]. According to the classical model, transverse resistance should have the same sign as the normal state
due to normal currents owing through the vortex core
[16, 17]. However, one of the most interesting behaviors observed in high critical temperature (TC ) and in
some conventional superconductors is the sign reversal of
the Hall voltage which changes from positive at normal
state to negative near the critical temperature [15]. Additionally, a second sign reversal of the Hall resistance
was observed in several samples of high-TC superconductors (HTSC) [58]. This double sign reversal the
Hall resistivity is positive in the normal state, changes
to negative near TC , and becomes positive again at low
temperatures. In order to explain this behavior, Göb
et al. [2] considered the Hall conductivity (σXY ) to be
composed of three components related to the quasiparticle or vortex-core contributions which is associated with
N
the normal state excitations (σXY
), superconducting dissipation resulting from hydrodynamic vortex eects or
S
superconducting uctuations (σXY
), and pinning depenP
dence (σXY ). The Hall conductivity is calculated by using those components in the following way:
N
S
P
σXY = σXY
+ σXY
+ σXY
.
More recently, great attention has been given to the
observation of a transverse voltage at zero external magnetic eld in HTSC near the superconducting transition
[914]. Glazman [10] proposed a model in which the magnetic eld produced by applied current can create vortex
and antivortex in the edges of the sample. Those vor-
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tices move into opposite directions under the inuence
of the Lorentz force and can annihilate each other when
the attractive interaction between them overcomes the
Lorentz force. In other words, it means that the paths of
the vortex and antivortex can be distorted and a transverse voltage should appear according to the Josephson
relation [13]. Furthermore, Jane£ek and Va²ek [11, 12] introduced the idea of guiding force which should inuence
the motion of the vortex and antivortex.
On the other hand, eects of weak coupling between
grains or superconducting clusters have been extensively
studied in polycrystalline samples [1823]. The main
observed eect is the broadening of the superconducting transition which has been separated in two distinct
regimes. Below the onset of the critical temperature,
TCi , the reduction of the resistance is related to the formation of isolated superconducting clusters. Furthermore decrease of the temperature leads to the connection of the superconducting clusters mediated by the
Josephson coupling at a temperature labeled TCj . Such
a regime is non-ohmic and as the temperature decreases
an innite network of connected superconducting clusters leads the sample to a zero-resistance superconducting state. This eect has been often related to branching
points in longitudinal resistance curves measured under
dierent applied currents [18, 21]. It is also determined
by clockwise hysteresis loops in magnetoresistance measurements [1921]. Previous measurements performed
in polycrystalline samples of the Y1−x Prx Ba2 Cu3 O7−δ
(Y123+Pr), Bi2 Sr2 Ca1−x Prx Cu2 O8−δ (Bi2212+Pr), and
Sm2−x Cex CuO4−δ systems at low magnetic elds have
shown that the dissipation is clearly dominated by weak
coupling mechanisms [2123]. Based upon these measurements we have recently suggested that the non-ohmic
regime at temperatures lower than TCj is described by
two-uid model for granular superconductors [23]. In order to study more detail about this mechanism, in this
work the eect of the granularity on the Hall conductivity
of the Y0.55 Pr0.45 Ba2 Cu3 O7−δ polycrystalline sample is
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reported. We shall prove that the features observed in the
transversal resistance are clearly connected to the wide
transition observed in granular superconducting samples.
2. Experimental procedure

Polycrystalline sample of Y0.55 Pr0.45 Ba2 Cu3 O7−δ
composition was prepared by solid-state reaction technique using high purity Y2 O3 , Ba2 CO3 , Pr6 O11 , and
CuO powders. The powders were calcined at 800 ◦C in air
for 24 h. The calcination was repeated twice with intermediate grinding. The compounds were then pressed into
pellets and sintered in air at 900 ◦C for 48 h. The sintered
samples were characterized by powder X-ray diraction.
The homogeneity of the grains has been observed by scanning electron microscopy. The sample was cut into a
square shape with 7.2 mm in width and 0.7 mm thickness. The electrical contacts were placed on the corners of
the sample as shown schematically in the inset of Fig. 1.
To study the Hall eect we have measured longitudinal and transverse voltages using the Van der Pauw
technique at low magnetic eld (H < 100 Oe) alternating the electrical current in order to eliminate thermo-power eects produced in the voltage contacts. Details
about the electrical resistance measurements are given in
Refs. [13, 14].
3. Results and discussion

Figure 1a displays the longitudinal resistance (RXX )
as a function of the temperature measured at zero applied magnetic eld for dierent applied current. From
these measurements one can see clearly the appearance
of the double resistive superconducting transition. Two
distinct transition temperatures, TCi and TCj , can be
seen which is described by the weak coupling behavior
such as discussed by some authors [1823]. Between TCi
and TCj the drop in the electrical resistance is related to
the formation of isolated superconducting clusters which
reduce the equivalent resistance of the samples decreasing temperature. This current dependence has been suggested to be related to the Josephson coupling between
superconducting clusters which leads the sample to a
zero-resistance superconducting state at low applied current with decreasing temperature (see RXX (T ) curve for
I = 1 mA).
In Fig. 1b we have shown the typical magnetic eld
dependence of the longitudinal resistance for granular superconducting samples. A broadening of superconducting transition is observed in the RXX (T ) measurements.
With the change of the value of magnetic eld, TCi is
almost constant. Above TCi the resistance changes signicantly with change in magnetic eld. This behavior is
associated with weak links between the superconducting
clusters [23].
In order to study the dissipation due to vortex motion, we have performed longitudinal magnetoresistance,
R(H), measurements. It is important to note that these
R(H) curves were taken at 4.2 K with the sample within
the He bath in order to avoid temperature uctuations.

Fig. 1. (a) Longitudinal electrical resistance as a function of temperature, RXX (T ), measured at dierent applied currents for the sample Y0.55 Pr0.45 Ba2 Cu3 O7−δ .
In (b) RXX (T ) measured at dierent applied magnetic
elds are shown. Inset displays a schematic view of the
electrical contacts used during the measurements.

Figure 2 presents the behavior of the magnetoresistance for three applied currents. A careful inspection of
these curves reveals a common feature, clockwise hysteresis loops in the range of applied magnetic eld studied.
Such a clockwise hysteresis is accompanied by the presence of a crossover eld (H ∗ ≈ 2.5 Oe). The magnitude
of the electrical resistance in the decreasing branch of the
curve is always lower than that noticed in the increasing
curve, for H > H ∗ . The opposite behavior occurs for
H < H ∗ , the magnitude of R(H) is always lower in the
increasing branch of the curve. The interpretation of this
behavior involves the motion of the Josephson vortices
in the intergranular region which is in agreement with
the observations of clockwise hysteresis loops reported
by other authors [1922].
From the results of Fig. 2, starting with the sample
in the mixed state (no zero resistance), increasing H results in a substantial increase of the magnitude of R(H)
and the electrical resistivity reaches a saturation value
close to 20 Oe. Such saturation value corresponds to the
electrical resistance of a material with isolated superconducting islands embedded in an insulating matrix. Decreasing H from the saturation value, the Josephson vortices can move relatively freely. Thus, as H decreases and
reaches values far away from the maximum, a partial fraction of the Josephson vortices move out of the unpinned
regions rst while others stay trapped within the sample.
Following this explanation the resistance observed in the
decreasing branch of R(H) is lower than taken during increasing H . These results demonstrated unambiguously
that dissipation at low temperatures (T < TCj ) is due to
weak coupling between superconducting cluster such as
pointed out in previous reports [1922].
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Fig. 2. Magnetoresistance, R(H), hysteresis loops
measured at 4.2 K for three dierent applied currents.

Figure 3 displays longitudinal and transverse resistance
as a function of the temperature measured with eld of
4.8 Oe applied normal to the sample, for three dierent
applied currents. Details about the electrical resistance
measurements are given in Refs. [13, 14]. In the longitudinal component one can see the broadening of the superconducting transition increasing applied current and the
appearance of the two distinct transition temperatures,
TCi and TCj , which is described by the weak coupling
behavior such as discussed by some authors [1823]. On
the other hand, in the transverse resistance is possible
to observe several important features. The transverse resistance shows strong temperature dependence above TC
but less in the normal state. In the normal state the signal is positive but as the temperature is lowered to the
superconducting state, RXY becomes negative. Toward
lower temperature a second sign reversal back to positive
is also observed. The sign reversal of transverse voltage
has also been observed by other authors [15].
The most important feature in Fig. 3 is the relationship
between the sign reverse in transverse resistance curves
and the transition temperatures TCi and TCj , observed
in the longitudinal resistance measurements. The change
in RXY from positive (in the normal state) to negative is
related to the intergranular transition temperature TCi .
On the other hand, the second sign reversal back to positive is clear connected to the intergranular transition
temperature TCj . The RXY broadening, below TCj , is
clear related to intergranular or weak coupling eects.
Based upon the results, discussed above, weak coupling
or granular eects should be taken into account in the
transverse resistance measurements.
In the inset of Fig. 3a measurements taken at zero applied magnetic eld are shown. One can see that the non-zero transverse voltage appears in the superconducting
transition. The appearance of a transverse resistance at
zero applied magnetic eld was attributed to attraction

Fig. 3. Longitudinal (upper curves) and transverse
(lower curves) resistance components measured for different applied currents at H = 4.8 Oe. Inset displays
the same components at zero applied magnetic eld for
I = 10 mA.

among vortex and antivortex, generated at two opposite
edges of a sample by the self eld of the applied current
[9, 10]. Attractive vortexantivortex interaction modies
the vortex trajectory by providing velocity components
to the current, thus generating a local electric eld transverse to the current direction. Polarity of this local eld
depends on the trajectory of individual vortices. Similar
results have been reported by several authors [1115].
To gain further information concerning transport properties of this granular superconductor sample we have
performed I V curves. Figure 4 displays the transversal VXY (I) and longitudinal VXX (I) components in applied magnetic elds up to 95 Oe. The longitudinal
components display a typical I V behavior of superconducting granular materials which reveal the double
resistive superconducting transition, as those reported
by Santos et al. [23]. Most importantly the data displayed in VXX (I) show that, in the high current limit,
the slopes of the I V characteristics are magnetic eld
independent (see inset). At high excitation currents,
the dV / dI curves approach a constant value, a feature
which is magnetic eld independent. Inset highlights the
VXX (I) at high applied current limit. These results indicate that the transport properties of the investigated
sample are in agreement with the predictions of the two-uid model [23]. In the two-uid model it is supposed
that both applied magnetic eld and electrical current
are related to the weak coupling eects and they are
not high enough to reach the limits expected to break
the Cooper pairs or induce the Abrikosov vortices inside
superconducting samples. There are two carriers type,
normal electrons and Cooper pairs, coexisting in equilibrium at temperatures below TC . This implies that normal electrons contribute also to the transversal voltage
in granular superconductors. Back to Fig. 4, the VXY (I)
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Fig. 4. I V curves for the longitudinal VXX (I) and
transverse VXY (I) components in the mixed state (T =
4.2 K) measured under dierent applied magnetic elds.
Inset highlights the VXX (I) at high applied current
limit.

components are strongly eld dependent. Furthermore,
as the current is increased VXY values decrease which
suggests that the normal electrons and the intergranular
vortex and antivortex have opposite contribution to the
transverse resistance.
4. Conclusion

This work reports longitudinal and transverse resistance as a function of the temperature measured in
Y0.55 Pr0.45 Ba2 Cu3 O7−δ polycrystalline sample at low
magnetic eld. Transverse resistance measurements displayed double sign reversal which is clearly related to
weak coupling eects. We noticed a relationship between
the sign reverse in transverse resistance curves and the
transition temperatures TCi and TCj , observed in the longitudinal resistance measurements. Based upon the results, discussed above, weak coupling or granular eects
should be taken into account in the transverse resistance
measurements.
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