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Abstract. Resistivity vs. temperature measurements on La0.7Ca0.3MnO3/YBa2Cu3O7−δ/La0.7Ca0.3MnO3

(LCMO/YBCO/LCMO) trilayers with different YBCO thickness, were performed in external magnetic
field H up to 8 T. By evaluating the activation energy U from the slope of the resistivity Arrhenius plot,
a strong depression of U has been observed when decreasing the YBCO layer thickness and the absolute
U values appear to be reduced with respect to the values reported in literature in the case of YBCO
thin films and YBCO/insulating multilayers. Moreover, a logarithmic U vs. H dependence is shown both
in the case of thick and thin YBCO layers indicating the formation of a two dimensional vortex lattice.
The experimental data are discussed considering the strong influence of the ferromagnetic LCMO on the
superconducting YBCO properties which reduces the effective YBCO thickness more than predicted by
the conventional theories.

PACS. 74.25.Qt Vortex lattices, flux pinning, flux creep – 75.47.Lx Manganites – 74.78.Fk Multilayers,
superlattices, heterostructures

1 Introduction

The coexistence between superconductivity and mag-
netism has been an interesting issue of study since many
years [1]. Artificial structures formed by superconduct-
ing (S) layers alternately stacked with ferromagnetic (F)
layers have been routinely obtained by different deposition
methods and their properties have been widely studied es-
pecially in the case of metallic S and F materials. Prox-
imity effect theory, modified by the contribution of the
interface transparency and the presence of an exchange
integral in the F layers, has been applied to the S/F sys-
tems giving a qualitative and, in many cases, a quantita-
tive explanation of the different observed phenomena [2].
As an example, the non-monotonic decrease of the critical
temperature Tc as a function of the F layers thickness and
the existence of a finite critical thickness of the S layers,
defined as the minimum thickness which allows the super-
conductivity to be sustained, have been predicted [3,4]
and experimentally confirmed [5]. Recently, the interest
in S/F structures has been extended to systems in which
the two constituents are an high-Tc superconductor (HTS)
and a fully spin-polarized ferromagnetic manganite [6–
8]. On these structures a lot of investigations have been
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performed: scanning tunneling spectroscopy [9], tunneling
magnetoresistance [10], analysis of the far-infrared proper-
ties by ellipsometry [11]. Moreover, possible applications
such as F/S/F spin valves [12] and π-junctions [13] as
well as spin polarized quasi particles injection devices have
been considered [14].

For these systems, superconducting critical tempera-
ture measurements in the absence of an external magnetic
field have given the experimental evidence of the strong
influence of the F layers on the superconducting properties
of the S layers which is alternatively interpreted as long
range proximity effect, injection of quasiparticles from F
to S or both [6,7,15]. Whatever the cause of the observed
T c depression, the influence of the F layer is shown to
be effective deep inside the S layer up to a distance lS
which is much longer than the Ginzburg-Landau super-
conducting coherence length ξS whose value is about 3 Å
for YBa2Cu3O7−δ (YBCO). This gives rise to the exis-
tence of a superconducting critical thickness of about 30 Å
which is, on one hand, shorter than the value measured in
metallic S/F multilayers [15], but much longer than 2ξS

in contrast with the commonly accepted S/F theories.

Besides all these interesting phenomena, the use of
HTS as S layers opens new scenarios on the possibility
to study the effect of ferromagnetism on the dissipative
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phenomena which are present in superconductors. In par-
ticular the influence of the vortex motion on the resistivity
transition can be easily evidenced in these materials be-
cause of the large separation between the upper critical
field and the Irreversibility Line (IL) in the H − T phase
diagram. In this range of field (H) and temperature (T ),
the vortex dynamics can be influenced by the presence
of an F layer giving rise to new intriguing mechanisms
related to the dimensionality of the vortex lattice.

The dimensionality of the vortex lattice has been
widely studied in both low and high temperature su-
perconductors as well as in artificial heterostructures
based on these materials [16–19]. One of the methods
used to distinguish between a 2-dimensional (2D) or a
3-dimensional (3D) formation of the vortex lattice is the
study of the dependence of the activation energy U from
the external magnetic field. Strictly speaking, a U ∼ H−α

dependence is commonly observed with the exponent α =
0.5 or α = 1 for the 2D and 3D cases respectively [20].
However, some other relations between U and H have been
reported as well as the appearance of different regimes
with the variation of H [21–24]. Among them, the pres-
ence of 2D pancake vortices gives rise to a U ∼ − log H
dependence which is usually ascribed to the formation of
pair dislocations in the vortex lattice and gives evidence
of the formation of a 2D regime [25].

Concerning the HTS based heterostructures, most of
experimental work present in the literature deals with
YBa2Cu3O7−δ/PrBa2Cu3O7 (YBCO/PrBCO) superlat-
tices where the effects of the presence of the PrBCO insu-
lating layers has been studied on the vortex dynamics by
changing both the PrBCO and YBCO thickness [26–29].
Beside the reduction of the critical temperature, a depres-
sion in the irreversibility line (IL) and in the activation
energy U has been observed with respect to YBCO bulk
samples due to the reduction of the YBCO layer thick-
ness [27–29]. These effects have been interpreted as an en-
hancement of the thermal and quantum fluctuations and
as a reduction of the dimensionality of the vortex lattice
both due to the decoupling between the superconducting
layers operated by the insulating layers. However, the ef-
fect is comparable to that observed in the case of YBCO
thin films and it is mainly attributed to the reduction of
the YBCO layers thickness rather than the influence of
the insulating PrBCO layers [27]. Moreover, in the case of
YBCO thin films and YBCO/PrBCO multilayers, a linear
dependence of U from the YBCO layer thickness [27,28]
has been observed for thickness smaller than 450 Å which
corresponds to the vortex correlation length Lc in the di-
rection of the applied field. As a result, the vortex lattice
is considered to be in a 2D or 3D regime when the layer
thickness is lower or higher than Lc respectively [19]. In
contrast to this little has been done regarding the inves-
tigation of the activation energy U and the vortex lattice
behavior in F/YBCO/F layered structures to explicitly
evaluate the role played by the ferromagnetic layer on the
superconducting properties of the entire system.

In the following, we study the magnetic
field dependence of the activation energy for

two La0.7Ca0.3MnO3/YBa2Cu3O7−δ/La0.7Ca0.3MnO3

(LCMO/YBCO/LCMO) samples with YBCO layer
thickness (dYBCO ) of 160 Å and 660 Å which correspond
to the cases dYBCO < Lc and dYBCO > Lc. Comparing
our results with those obtained for YBCO/PrBCO
multilayers [26–28], we maintain that the presence of the
F layers, apart from reducing the critical temperature
values, causes also a decrease of the value of the activation
energy and of the dimensionality of the vortex lattice
even in the sample with the YBCO thicker layer where a
3D regime is expected.

2 Samples fabrication and experimental
procedure

The LCMO/YBCO/LCMO trilayers were fabricated on
SrTiO3 (001) (STO) single-crystal substrates by multi-
target high pressure dc sputtering. Two targets with nom-
inal composition of La0.7Ca0.3MnO3 and YBa2Cu3O7−δ

were used for depositions. During the growth, the temper-
ature of the substrate was set at 800 ◦C and the oxygen
pressure was kept at 3.0 mbar for both the LCMO and
YBCO layers. The thickness of the layers was controlled
by the sputtering time of the respective materials. The cal-
ibrated growth rates were about 3 Å/min for LCMO and
17 Å/min for YBCO. After the deposition, the samples
were in-situ annealed for one hour at 560 ◦C in an oxygen
pressure of 1 bar. The deposited films were then cooled
to room temperature with a rate of 10 ◦C/min. Trilay-
ers with the same LCMO thickness and different YBCO
thickness have been routinely obtained and grown in the
same conditions.

The structural properties of the samples have been
studied by a high resolution X-ray diffractometer equipped
with a graded parabolic mirror and a Ge(220) four crys-
tals asymmetric monochromator on the primary arm to
have a monochromatic CuKα1 beam with λ = 1.54056 Å.
In order to estimate the interface roughness, reflectivity
measurements have been performed on test samples with
the same apparatus using a 20-sheets parallel beam colli-
mator with a 0.1 mm slit placed in front of the detector,
giving a diffracted beam divergence less than 0.1◦. As an
example, in Figure 1 is shown the reflectivity spectrum
of a trilayer LCMO/YBCO/LCMO with dLCMO = 245 Å
and dYBCO = 395 Å. The presence of the interference
fringes confirm that the layering structure has been ob-
tained. Also shown in Figure 1 is a simulated spectrum,
shifted below the experimental one, obtained by using a
simulation program [30,31] in which the thickness and the
density of the expected layers, obtained by the sputtering
time and by literature data respectively, were introduced.
The fitting procedure allowed to estimate a roughness at
the interfaces of about 6 Å and confirmed that no different
phases or oxide compounds were formed at the interface
between the different layers and on the substrate surface.

The resistivity vs. temperature measurements have
been performed in a standard liquid Helium cryostat
equipped with a superconducting magnet thermally de-
coupled from the holder so as to change both the sample
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Fig. 1. Experimental X-ray reflectivity measurement (upper
curve) for a test LCMO/YBCO/LCMO trilayer with dLCMO =
245 Å and dY BCO = 395 Å. Simulated spectrum (lower curve)
obtained assuming no oxide at the interfaces.

temperature (from 300 K to 4.2 K) and, independently,
the magnetic field up to 9 T. The direction of the mag-
netic field was fixed perpendicular to the substrate surface
and to the direction of the circulating current.

The resistivity data in external magnetic field pre-
sented in this paper refer to two LCMO/YBCO/LCMO
trilayers named LYL1 and LYL2. Both have LCMO thick-
ness greater than 150 Å while the YBCO layers are 160 Å
and 660 Å thick, respectively.

3 Experimental results

Figure 2a shows the resistance vs. temperature of a
80 Å LCMO film deposited on a STO substrate. A
semiconducting-metallic cross-over temperature TMI =
145 K is present. As usually observed in these materi-
als, the Curie temperature (TM ) is slightly lower than
TMI and corresponds to the minimum in the first deriva-
tive of the R vs. T line. In the case of Figure 2a, this
value is 125 K. Due to strain effects induced by the lat-
tice mismatch with the substrate [32], both TMI and TM

are lower than the bulk values which are above 250 K for
optimally doped LCMO. The resistance vs. temperature
behavior of a 100 Å thick YBCO film deposited on STO
substrate is reported in Figure 2b showing a supercon-
ducting transition at Tc(R = 0) = 78 K and a transition
width ∆T ∼= 5 K. The reduced Tc and the increased transi-
tion width with respect to the bulk value (Tc = 92 K and
∆T ∼= 1 K respectively) are mainly due to the reduced
thickness of the samples.

In order to study the crystal structure of the different
layers and the epitaxial relation between them and with
the substrate, in-plane and out-of-plane X-ray diffraction
measurements have been performed. In Figure 3a the ϑ–2ϑ
spectrum of the LYL2 sample is reported, showing that
the substrate and the layers are all (00l) oriented. The
inset shows an enlarged part of the spectrum with the
(002) peaks of STO and LCMO and the (006) peak of
YBCO. From the position of the diffraction peaks the c-
axis lengths for LCMO and YBCO, cLCMO = 3.823 Å

Fig. 2. Resistance vs. temperature for (a) 80 Å thick LCMO
film showing TMI = 145 K and TM = 125 K and (b) 100 Å
thick YBCO film with Tc = 78 K deposited separately on STO
substrates.

and cYBCO = 11.697 Å have been obtained. The epitax-
ial growth is confirmed by the in-plane h − l reciprocal
space map, reported in Figure 3b for the same sample,
which shows that the in-plane axes of the substrate and
of the LCMO and YBCO layers are all in the same direc-
tion. Measuring the in plane lattice constants we obtained
aLCMO = 3.90 Å (the same as STO inside the experimen-
tal uncertainty) and aYBCO = 3.83 Å which indicates that
LCMO grows tensile strained on STO whereas YBCO is
structurally more relaxed as expected. The possible pres-
ence of a strained LCMO layer on the YBCO structure, as
found by other authors [33], is not clearly evidenced in our
maps. We will discuss this effect elsewhere but we argue
that the X-ray diffraction measurements confirm that all
the layers are epitaxial and that LCMO layers grow with
the a-axis longer than the bulk value (abulk = 3.859 Å).

Figures 4a and 4b show the resistance vs. temperature
in external magnetic field up to 8 T for the samples LYL1
and LYL2 respectively. The reduction of the thickness in
the YBCO layers involves a decrease in the critical tem-
perature of the trilayers in zero field from Tc = 48.5 K to
Tc = 19.5 K. Moreover the width of the resistive transi-
tions in zero field is wider for the sample with the thinnest
YBCO layer and, for both the samples, it is wider than
that shown in Figure 2b measured for a single thin YBCO
film. The resistive transitions broaden in the low temper-
ature region with the applied field as expected for HTS.
Taking the values of the fields and temperature at 90%
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Fig. 3. (a) ϑ-2ϑ X-ray diffraction spectrum for the LYL2 sam-
ple where Y, L, S indicate YBCO, LCMO and substrate Bragg
diffraction peaks, respectively. The inset shows the part of the
spectrum containing the (002) substrate and LCMO peaks and
the (006) YBCO peak. (b) h − l reciprocal space map for the
same sample with Qx and Qy the in plane and out of plane
reciprocal space vectors respectively.

of the normal state resistance RN , the upper critical field
Hc2 vs. temperature dependence has been obtained and
shown in Figure 5. An upward curvature, probably due
to the presence of thermal fluctuations [34], is present for
both the samples which is different from that observed in
the case of HTS where a linear Ginzburg-Landau (GL) de-
pendence is shown at least near Tc. Also shown in Figure 5
is the IL (Hirr vs. T ) obtained taking the field and tem-
perature values when R = 0.1RN . Although this method
is not rigorous for the determination of the IL, it gives an
indication of the lower boundary of the dissipation region
in the H − T phase diagram. Due to the rather noisy re-
sistance curves, the ILs are well approximated by a power
law temperature dependence Hirr ∼ (1 − T/T c)n with
n = 1.7 ± 0.1 and 1.6 ± 0.1 for LYL1 and LYL2 samples
respectively. Other approximations following the different
models existing in literature for Hirr vs. T [35] do not give
a unique result in the whole range of the data. The value of
n ∼= 3/2 found for the exponents in the case of our samples
suggests that the dissipation region (above the IL) is gov-
erned by thermally activated flux flow (TAFF) [18,26,29].

The same data of Figure 4 are reported in Arrhenius
fashion in Figures 6a and in 6b. We argue that below 1%
of the normal state resistance RN , the resistivity appears
thermally activated with R = RN exp(−U∗/kBT ) where

Fig. 4. Resistance vs. temperature data for the samples LYL1
(a) and LYL2 (b) in perpendicular external magnetic field. The
values of the field are reported in the figures.

Fig. 5. H −T phase diagram showing the upper critical fields
and the IL vs. temperature dependence obtained from the data
of Figure 4 for the two samples. The lines are fit to the data
assuming a power law dependence for the IL with exponents
n = 1.7 and n = 1.6 for LYL1 and LYL2 respectively.

U∗ is an effective activation energy which depends on the
magnetic field and temperature and kB is the Boltzmann
constant. The U∗ values are obtained from the Arrhenius
plot data calculating the slope of the curves in the low
temperature region. These values are, at least in princi-
ple, temperature dependent due to the change in the slope
of the Arrhenius data with T . The real activation energy
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U of the samples is then reduced with respect to U∗ by a
temperature dependent factor [20]. Therefore, if one wants
to determine the U value starting from the U∗ measure-
ments, the U vs. T dependence determination is neces-
sary. Several models have been proposed [35–37] which
are based on the GL hypothesis of a linear dependence
of Hc2 vs. temperature which is not our case as shown in
Figure 5. For this reason, our discussion will be focused on
the U∗ data instead of U values, taking into account that
U∗ is higher than U for a given magnetic field. In Figure 7
the U∗ values are reported as a function of the magnetic
field in a semilogarithmic plot for both the investigated
samples. The experimental data are well approximated in
the entire range of measurements by a linear regression
giving the dependence U∗ = −k log H + β, with k and
β constant, for each sample. The typical power law de-
pendence U∗ ∼ H−α does not fit our data in the whole
magnetic fields range but gives at least two regimes with
unphysical values of the exponent α. Moreover, the val-
ues of U∗ are smaller than 200 meV for the sample with
the thicker YBCO layer and they are strongly reduced
for the thinner YBCO layer. In addition, these values are
much smaller than those observed in YBCO thin films [37]
and in YBCO/PrBCO multilayers [27,28] with compara-
ble YBCO thickness layers.

4 Discussion

The effects of the coupling between magnetic and super-
conducting layers can be appropriately studied if the single
LCMO and YBCO layers present magnetic and supercon-
ducting properties at least in the range of the investi-
gated temperatures which extend below 50 K as shown
in Figure 4. This is the case of our samples as indicated
in the data in Figure 2 which refer to 80 Å LCMO and
100 Å YBCO thin films separately deposited on STO sub-
strates. The depression in TMI and TM in LCMO thin
films with respect to the bulk values is due to the possible
tensile strain effect that the substrate can induce in the
film lattice structure [39]. This effect is more pronounced
for very thin films where the crystal lattice is completely
strained on the substrate and it reduces for higher thick-
nesses where the lattice parameters relax towards the bulk
values [40]. Because the LCMO layers in the trilayers are
thicker than 80 Å, a TMI value higher than 145 K and
TM higher than 125 K are expected at least if only strain
effects are taken into account. A similar argument can
be applied to the YBCO layers deposited in the trilayers
structure where in both the samples the thickness is higher
than 100 Å expecting a Tc value higher than 78 K. The
h− l X-ray map shown in Figure 3b gives a further confir-
mation of our hypothesis since LCMO grows strained on
the substrate as in the case of thin films and YBCO grows
fully relaxed.

Our experimental data show that the proximity be-
tween LCMO and YBCO layers reduces Tc, gives rise to
an upward curvature in Hc2(T ) and strongly depresses
the activation energy. Although LCMO and YBCO are
respectively magnetic and superconducting as previously

Fig. 6. Arrhenius plot of the data shown in Figure 4a (a) and
in Figure 4b (b) respectively.

Fig. 7. Activation energy vs. external magnetic field as ob-
tained from the slope of the Arrhenius plot shown in Figure 6
for the two samples.

discussed, all the observed phenomena could also be as-
cribed to the presence of thermal fluctuations, secondary
phases or oxygen vacancies in YBCO. Apart the ther-
mal fluctuations, which are particularly significant in the
case of thin films [34], the formation of secondary phases
can be neglected on the basis of X-ray diffraction anal-
ysis which show a good crystalline quality. Moreover the
possible lack of oxygen in YBCO, which can be due to a
migration of these atoms towards the LCMO layers dur-
ing the deposition process, can also be excluded. In fact,
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the measurement of the c-axis length for YBa2Cu3O7−δ

in the LYL1 sample gives δ ∼= 0.22 which corresponds to
Tc

∼= 84 K as obtained from the universal relationships be-
tween Tc, δ and c for this material [41]. These observations
give a strong indication that the observed phenomena can
be ascribed to proximity between magnetic LCMO and
superconducting YBCO layers.

As previously emphasized referring to the H−T phase
diagram, the temperature dependence of the IL indicates
that the dissipation region is governed by TAFF. Based
on this assumption, the ILs represent the values of the
field and temperature when the activation energy U is
comparable to kBT . Below this line, U is proportional to
the vortex lattice correlated volume Vc = LcR

2
c where Rc

and Lc are the correlation lengths parallel and perpen-
dicular to the a − b planes of the layers respectively. Rc

can be approximated by the distance between the vortices
a0 = (1.5φ0/B)1/2 which ranges form 170 Å to 550 Å for
fields between 1 T and 8 T. The value of Lc allows us
to estimate the dimensionality of the vortex lattice which
is 2-dimensional (2D) or 3-dimensional (3D) depending if
Lc is greather or smaller than the layer thickness. Because
the estimated value of Lc in the case of YBCO is about
450 Å [27], for thickness smaller than this value the sys-
tem behaves 2D and Lc is considered to be equal to the
layer thickness. For layers thicker than 450 Å, the sys-
tem is 3D and Lc = 450 Å is assumed. Therefore, the
reduction of the superconducting layer thickness involves
a transition between the two regimes with a decrease of
Lc and consequently of U . Following these arguments, one
should expect a 2D behavior for the sample LYL1 where
the YBCO layer thickness is 160 Å and a 3D vortex lattice
for the sample LYL2 with 660 Å of YBCO. On the con-
trary, the data in Figure 7 show that the activation energy
dependence from the external magnetic field is logarithmic
in both cases, indicating the same vortex dynamics inde-
pendent of the YBCO thickness. As already mentioned,
the U ∼ − log H dependence has been widely studied
both theoretically and experimentally and, in spite of the
different mechanisms that are assumed to give rise to this
dependence, all the studies converge towards the conclu-
sion that this dependence indicates a 2D regime of the
vortex dynamics.

An interpretation of this 2D behavior can also be
given by assuming a reduced carrier density of YBCO re-
sulting on charge transfer at the interfaces when oxide
layers are formed during the deposition process [42,43].
However, this does not seem the case of our samples
as the reflectivity data shown in Figure 1 suggest. The
simulated spectrum is obtained, in fact, using only the
LCMO/YBCO/LCMO structure while the introduction of
any possible oxide compound at the interfaces gave sim-
ulated results not in agreement with the observed data
suggesting that the effect of oxide on the dimensionality
of vortex lattice, if exist, is negligible in the case of our
samples.

A vortex lattice 2D behavior is also observed in the
case of deoxygenated YBa2Cu3O7−δ with 7− δ ≤ 6.4 [42].
Although we do not directly measure the oxygen concen-

tration in YBCO layers, our high angle ϑ−2ϑ X-ray mea-
surements allowed to estimate a value for δ = 0.22 which
gives 7 − δ = 6.78 realizing a negligible charge effect at
least if compared with the results of reference [42].

The apparent discrepancy between the U vs. H behav-
ior found in our samples, which is consistent with a 2D
vortex lattice, and the expected different regimes due to
the YBCO thickness smaller and larger than Lc

∼= 450 Å
in LYL1 and LYL2 samples respectively, can be tentatively
understood if one assumes that the proximity between F-
LCMO and S-YBCO layers has the effect of reducing the
effective YBCO thickness, that is the part of the YBCO
layer which maintains its superconducting properties. This
hypothesis is consistent with the observation of quasipar-
ticles injection from F into S layer which has been demon-
strated by other authors [6,15] investigating the Tc vs.
YBCO thickness in LCMO/YBCO/LCMO system. As in
our case, the authors compare their results with those ob-
served in PrBCO/YBCO and conclude that the proximity
of LCMO with YBCO causes a reduction of the thickness
of the superconducting layer which is evidenced in a strong
depression of the critical temperature. The effect is mainly
attributed to the injection of spin polarized particles from
LCMO to YBCO which acts as a pair breaking mechanism
extending over a spin diffusion length lS = (l0vF τS)1/2

deep inside the superconductor [6]. Here l0 is the elec-
tron mean free path, vF is the Fermi velocity and τS is
the spin polarized quasi particle diffusion time. Taking as
typical values l0 = 50 Å, vF = 107 cm/s and τS = 10−13s,
the value of the spin diffusion length results to be 70 Å.
Because YBCO is sandwiched between two LCMO lay-
ers, a reduction of about 140 Å of the whole YBCO layer
is expected for both the samples. This gives an effective
thickness of the YBCO layers of about 20 Å and 520 Å
for LYL1 and LYL2 samples respectively. Comparing these
values with Lc, one can conclude that this qualitative ar-
gument gives reason of the 2D behavior observed in the
U vs. H dependence for both the samples. A much more
marked 2D behavior is obtained if we take into account
the results shown in reference [15] where a spin diffusion
length of about 3lS is calculated giving a much less effec-
tive YBCO superconducting thickness.

However, one important observation has to be made
in accepting this model for our data. Because the pres-
ence of LCMO layers reduces the superconducting layer
thickness to an effective one, one should expect Tc val-
ues in zero field comparable to that observed in the case
of YBCO/PrBCO multilayers [44] with the YBCO thick-
ness close to the effective thickness in our LCMO/YBCO.
This hypothesis comes from the absence of any magnetic
induced depairing mechanism in the YBCO/PrBCO sys-
tem because PrBCO is insulating rather than ferromag-
netic. Following reference [44] a Tc value of about 60 K and
90 K should be observed in the case of LYL1 and LYL2
respectively. On the contrary, our resistance vs. temper-
ature measurements show that Tc in zero field are 20 K
and 39 K respectively in agreement with YBCO/LCMO
bilayers [15]. This suggests that quasi particle spin injec-
tion, if it exists, could be not the only mechanism which
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plays a role in the LCMO/YBCO system, but another pair
breaking mechanism should be invoked.

5 Conculsions

We have studied the dependence of the activation energy
on the external magnetic field in LCMO/YBCO/LCMO
trilayers with two different YBCO layer thickness.
The experimental data, extracted by resistive measure-
ments, have been compared with the data obtained for
YBCO/PrBCO multilayers with similar layer thickness
and, in contrast with them, suggests that the vortex lattice
is in a 2D regime even in the case of a thick YBCO layer.
This result has been interpreted on the basis of the recent
hypothesis on the existence of injection of spin polarized
particles from LCMO into YBCO for these systems. As
observed by other authors, the interaction between F and
S in YBCO/LCMO systems extends to a distance inside
S which is much longer than that expected by the current
theories, strongly reducing the effective superconducting
layer.
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