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Abstract

Perovskite La,;3Ca;;3MnO3; (LCMO)/La,3Sr;,3Co03 (LSCO) and LSCO/LCMO bilayer films have been fabricated
on single-crystal NdGaOj; substrates (110), and their transport and magnetic properties have been investigated. The
magnetoresistance of the bilayer LSCO/LCMO is about 1.7% under the field of 10 kOe at 230 K, whereas that of the
bilayer LCMO/LSCO is larger and is ~10%. A waist-like hysteresis loop occurs in LSCO/LCMO, while a single-step
one in LCMO/LSCO. The behavior is explained by some magnetic coupling.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The doped manganites, RE;_ A . MnO; (RE =

— . i i rare-earth and A = alkaline-earth elements), have
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orbital and charge orderings as well as the colossal
magnetoresistance (CMR) near the ferromagnetic
Curie temperature (7¢) [1,2]. Another distinguish-
ing feature is that the spin polarization in the
doped manganites is believed to be 100% due to
the half-metallic nature, where only the single spin
band crosses the Fermi level [3]. Besides the
scientific interest to investigate the elusive mechan-
ism of CMR effect, some of attention has been
focused on the technological applications of the
doped manganites in spin-polarized tunnel junc-
tions [4] as well as in spin-polarized current
injection devices [5]. However, their contact with
antiferromagnetic (AF) perovskite layers and
substrates may give rise to some divertive effects,
which may alter the magnetotransport properties
of the devices, if the doped manganites serve as
ferromagnetic layers (FM). The divertive effects
are usually associated with lattice distortion, the
dynamics of film growth or others. Therefore, to
optimize extrinsic magnetoresistance (MR) effects
in the doped manganite-based nanostructures, it
would be necessary to have a knowledge of the
divertive effects in the magnetic behavior and
magnetotransport properties of the individual
layers. In addition, because of the high spin
polarization of conduction electrons in the doped
manganites, spin-polarized tunnel junctions with
the doped manganites as FMs show high low-field
MR [6]. It is argued that the high MR originates
from the inter-layer magnetic coupling, although a
full understanding of the effects still remains little.
In this paper, we have a systemic study of the
magnetotransport properties of bilayer La,;Cay 3
MI’IO3 (LCMO)/L&2/3ST1/3COO3 (LSCO) which
gives some interesting phenomena that may be
introduced by lattice mismatch or other reasons.

2. Experiment procedures

LSCO (50nm) /LCMO (50nm) and LCMO
(50 nm)/LSCO (50 nm) bilayers have been depos-
ited on (110) NdGaO; (NGO) single-crystal
substrates by the facing-target sputtering techni-
que [7-10]. Ceramic LCMO and LSCO targets
were sintered by standard procedure. The struc-
ture and orientation of the bilayers were studied by

a Huber four-circle X-ray diffractometer using Cu
Ko X-rays. The resistivity p as a function of
temperature was measured by the standard four
probe technique with CIP (current in plane)
geometry and the distance between voltage con-
tacts was fixed at 6mm. The MR was examined
with an applied magnetic field (H) of up to 10kOe.
The H was in the film plane and perpendicular to
the current direction, which was also in the film
plane. The MR ratios were estimated using the
expression of MR = [p (0)- p (H)]/p (0), where p
(H) and p (0) are resistivities with the applied field
H and without it, respectively. p(0) was taken as
the standard value because MR effects for LCMO/
LSCO or LSCO/LCMO were not saturated with
an applied field of up to 10kOe. The magnetic
moment of the samples as functions of tempera-
ture and magnetic field was measured by utilizing a
vibrating sample magnetometer. During the mea-
surements, a magnetic field was applied parallel to
the film surface. A small nonhysteretic contribu-
tion from the NGO substrate was eliminated by
separately measuring its diamagnetic response.
Especially the behavior of bilayers at 230K is
described. This temperature is lower than Ty (the
metal-insulator transition temperature of LCMO
layer) and higher than Typs (the metal-metal
transition temperature of LSCO layer). In our
setup, there is a broad temperature range within
which the LCMO (Ty; ~240K) is ferromagnetic
and metallic, whereas the LSCO (T = 210K) is
paramagnetic and metallic.

3. Results and discussion

X-ray diffration (XRD) study shows that
both as-prepared bilayers, LCMO (50 nm)/LSCO
(50 nm)/NGO and LSCO (50 nm)/LCMO (50 nm)/
NGO, are good epitaxial films, and only those
peaks coherent with the substrate were detected as
shown in Fig. 1. The peaks are much broader, and
the reflections of Cu Ko; and Ko, cannot be
distinguished from each other. For thin epitaxial
film, the in-plane lattice of the sample has to match
that of the substrate, and then the lattice expan-
sion is essentially the expansion of the out-of-
plane lattice parameter. LSCO has smaller lattice
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Fig. 1. X-ray diffraction patterns of (a) LSCO (50 nm)/LCMO
(50nm)/NGO and (b) LCMO (50 nm)/LSCO (50 nm)/NGO.
The inset is a close view of the (220) peak of the NGO substrate.

parameters than that of LCMO, whereas NGO
exhibits similar lattice constants with LCMO. A
tensile strain in LSCO/NGO and LSCO/LCMO
and a negligibly small lattice strain in LCMO/
NGO should be expected. Therefore, the out-of
plane lattice of LSCO and LCMO layer should be
stress and expansion, respectively. It is clear that
the peak position of the LSCO for LCMO/LSCO/
NGO is different from that for LSCO/LCMO/
NGO, and the diffraction peaks of the LCMO
layers almost are at the same position for the two
bilayers. This means that the LSCO layer in
LCMO/LSCO/NGO is compressed much more
between upper LCMO layer and the substrate
NGO, than that in LSCO/LCMO/NGO. This
kind of lattice distortion may cause the different
magnetotransport properties between LSCO/
LCMO and LCMO/LSCO bilayers.

Fig. 2(a) and (b) show the temperature depen-
dence of the resistivity (p) and its temperature
coefficient (dp/dT) of samples. The curves of
LCMO (100nm)/NGO and LSCO (100nm)/
NGO are also shown in Fig. 2 for comparison.
The LSCO (50 nm)/LCMO (50nm) and LCMO
(50nm)/LSCO (50nm) are metallic, and the
resistivity increases with temperature until
~210K. At ~210K, which is no different from
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Fig. 2. (a) Resistivity (p) and (b) differential coefficient (dp/dT)
as functions of temperature for single layer and bilayer films. A,
B, C, and D denote LCMO (50nm)/LSCO (50nm), LSCO
(50 nm)/LCMO (50 nm), LSCO (100 nm), and LCMO (100 nm)
films, respectively.

the Ty of LSCO (100 nm) film (see the curve C),
the peak value of dp/dT occurs arising from the
metal-metal transition of the LSCO layer. This
kind of transition was also observed in bulk
LSCO, and was ascribed to the change of magnetic
order [11]. A significant change with the increase
of temperature has been observed when the LSCO
is the upper layer. At ~240 K another metal-metal
transition occurs for the LSCO/LCMO bilayer
different from that for the LCMO/LSCO bilayer.
In fact, compared with the Ty of LCMO (100 nm)
film (the cross point in dp/dT ~ T), this transition
is resulted from the metal-insulator transition of
LCMO layers. So we also denote the temperature
as TM].

The MR ratios of bilayers LSCO (50nm)/
LCMO (50nm) and LCMO (50nm)/LSCO
(50nm) at ~230K are presented in Fig. 3. For
LSCO/LCMO, the MR ratio is about 1.7% at
H = 10kOe. However, the MR, ~10% of LCMO/
LSCO, is much higher than that of LSCO/LCMO.
Although both bilayers have equal thicknesses, the
LSCO in LCMO/LSCO is compressed much more
than that in LSCO/LCMO. It may bring larger
lattice distortion, and then bring new magnetic
interactions between LSMO and LCMO, which
make the MR ratio of LCMO/LSCO is much
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Fig. 3. MR of LCMO (50nm)/LSCO (50nm) and LSCO
(50 nm)/LCMO (50 nm) bilayers measured at 230 K.
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Fig. 4. Magnetic hysteresis loops varying with the temperature
of (a) LCMO (50 nm)/LSCO (50nm) and (b) LSCO (50 nm)/
LCMO (50 nm).

higher. The detailed explanation may be obtained
from the hysteresis loops as follows.

Fig. 4 shows the hysteresis of LCMO (50 nm)/
LSCO (50 nm) and LSCO (50 nm)/LCMO (50 nm)
at different temperatures. No marked changing is
observed and all the loops are smooth for LCMO/
LSCO. However, an obvious change of the loops
for LSCO/LCMO occurs between 140K and
240K and a narrow waist is found, which may
imply the difference in magnetization behavior and
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Fig. 5. H¢ as a function of temperature for LCMO (50 nm)/
LSCO (50nm), LSCO (50nm)/LCMO (50nm), LSCO
(100 nm), and LCMO (100 nm) films, respectively.

the role of the inter-layer magnetic coupling
between LCMO and LSCO [12].

Fig. 5 is a summary of magnetic coercivity Hc
against the temperature. As for LCMO and LSCO
single layer films, their coercivities are distinct
obviously in the temperature range between 140
and 250K (see the inset of the Fig. 5). Arising
from the different coercivities between LCMO and
LSCO layers, a two-step loop should have been
measured if the systems were decoupled. In
contrast, for LCMO/LSCO, single-step magneti-
zation loop appears and the H¢ basically reduces
monotonously with increasing the temperature,
indicating that there is a ferromagnetic coupling in
the bilayer. Furthermore, the Hc of LSCO/LCMO
varies irregularly between 140 and 240 K corre-
sponding to the waist-like hysterisis loops in Fig.
4(b). Especially, the value is lower than that of
LCMO and LSCO single layer films in this
temperature range. It is quite reasonable that the
exchange coupling between ferromagnetic LCMO
layers and unferromagnetic LSCO layer brings on
the nonmonotonic Hc and narrow waist-like loops
for LSCO/LCMO bilayer. The peak value of H¢ at
200K roots in the paramagnetic—ferromagnetic
transition of LSCO layer. The different trends of
H¢ between the two bilayers suggest that different
coupling modes rule over, which may be resulted
from the different lattice distortion. It is argued
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that these results originate from the inter-layer
magnetic interaction, although a full understand-
ing of the effects still remains open.

4. Conclusion

In summary, the perovskite LCMO/LSCO and
LSCO/LCMO bilayers are fabricated by a facing-
target sputtering technique. The MR ratio of the
bilayer LSCO/LCMO is about 1.7% under a field
of 10 kOe at 230K, whereas that of the bilayer
LCMO/LSCO is larger and is ~10%. The waist-
like hysteresis of LSCO/LCMO and single-step
loop of LCMO/LSCO indicates that some ex-
change magnetic couplings exist in the systems.
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