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Tunable epitaxial growth of magnetoresistive La 2/3Sr1/3MnO3 thin films
J. Fontcuberta,a) M. Bibes, and B. Martı́nez
Institut de Ciència de Materials de Barcelona–CSIC, Bellaterra 08193, Catalunya, Spain

V. Trtik, C. Ferrater, F. Sánchez, and M. Varela
Department de Fı´sica Aplicada i Òptica, Universitat de Barcelona, Diagonal 647, Barcelona 08028,
Catalunya, Spain

We report on the growth of epitaxial La2/3Sr1/3MnO3 thin films on buffered Si~001! substrates. We
show that a suitable choice of the buffer heterostructure allows one to obtain epitaxial (00h),
(0hh), and ~hhh! manganite thin films. The magnetotransport properties are investigated and we
have found that the low-field magnetoresistance is directly related to the width of the
normal-to-plane rocking curves, irrespective of the film orientation. The magnetic anisotropy of
these films has also been determined. ©1999 American Institute of Physics.
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INTRODUCTION

There is a great deal of interest in ferromagnetic man
nese perovskites for a number of spin-dependent trans
devices. In this regard, the structure of interfaces and
associated resistance are an issue of major concern since
determine low-field magnetotransport response.1–3 A conve-
nient strategy to this objective is the epitaxial growth
L12xAxMnO3 ~L is a lanthanide and A a divalent alkaline
earth! with different orientations. An obvious further adva
tage for technological applications would be the use of s
con substrates. The growth of manganite films on Si~or on
Si with a thermal oxide! substrates faces the difficulty of S
interdiffusion and thermal expansion mismatch.4 The recent
report of epitaxial growth of SrTiO3 (00h), (0hh), or ~hhh!
on buffered Si~001! ~Ref. 5! is of particular relevance be
cause SrTiO3 is an almost ideal substrate for the epitax
growth of manganite films.

In this article we will take advantage of these results a
we will explore the growth of La2/3Sr1/3MnO3 ~LSMO! epi-
taxial thin film on buffered Si~001! substrates using a pulse
laser deposition technique. For all LSMO thin films the u
permost buffer layer is SrTiO3 ~STO! which, with appropri-
ate selection of the underlying buffer layers, can be textu
differently, thus allowing one to grow epitaxia
La2/3Sr1/3MnO3 films having ~001!, ~011! or ~111! orienta-
tions.

EXPERIMENT

LSMO thin films and the necessary buffers have be
prepared on Si~001! substrates by pulsed laser depositi
~PLD! using a KrF excimer laser. The heterostructures of
buffers used are STO/CeO2/YSZ, STO/YSZ, and STO/TiN/
YSZ. These allow tailoring of the texture of the LSMO film
We recall that the following epitaxial relations have be
observed: ~001!STO@100#//~001!Si@110#, ~011!STO@01-1#//
~001!Si@100#, and~111!STO@1-10#//~001!Si@100#.
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LSMO layers, typically 100 nm thick, were deposited
a substrate temperature of 750 °C, oxygen pressure of
mbar, and a laser repetition rate of 10 Hz.

The films’ structural quality and epitaxial nature we
investigated by a four circle x-ray diffractometer. All th
crystallographic planes and directions for LSMO referred
in this work are indexed according to cubic notation
Atomic force microscopy~AFM! was used to observe th
film morphology and to estimate the surface roughness.
magnetization and electrical resistivity were measured b
Quantum Design superconducting quantum interference
vice ~SQUID! system in the 10–350 K temperature ran
and under fields up to 50 kOe. In the measurements repo
the magnetic field is always in the film plane and parallel
the current.

RESULTS

The x-ray u–2u diffraction patterns of the
LSMO/STO/CeO2/YSZ/Si, LSMO/STO/YSZ/Si, and
LSMO/STO/TiN/YSZ/Si thin films show the (00h), (0hh),
and ~hhh! peaks of the LSMO films indicating the
perpendicular-to-the-plane texture of the correspond
films. Thus these films will be labeled~001! LSMO, ~011!
LSMO, and~111! LSMO. In Fig. 1 we show theu–2u pat-
tern corresponding to~001! and ~111! LSMO, i.e.,
LSMO/STO/CeO2/YSZ/Si and LSMO/STO/TiN/YSZ/Si, re-
spectively. To the best of our knowledge this is the fi
report of epitaxial growth of~011! and~111! LSMO films on
buffered Si~001! substrates.

The rocking curves are found to increase@full width at
half maximum FWHM# from 1.1°, to 1.3°, to 2.4° for the
~001!, ~011!, and~111! LSMO films, respectively. These ca
be compared with the corresponding rocking curves m
sured for the underlying~001!, ~011!, and~111! STO buffers:
1.3°, 1.5°, and 2.4°, respectively,5 thus showing that the
quality of the perpendicular texture of the LSMO films e
sentially mimics that of the STO buffers.

The f scans of the~001! LSMO film, shown in Fig. 2,
reveal the existence of a set of reflections which corresp
to the family of ~301! planes of the LSMO and STO films
0 © 1999 American Institute of Physics
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This picture reveals a complete in-plane texture and sh
that the LSMO layer grows, cube on cube, epitaxially on
SrTiO3 buffer film. That means that@hkl# directions of
LSMO and STO are parallel. Thef scans of the~011! plane
of the ~111! LSMO films show the presence of four sets
three reflections, which reveal the complete in-plane text

The roughness of the~001! LSMO film, determined
from AFM measurements in a 1mm31mm scan area, is
about 5 nm, that is, about one order of magnitude larger t

FIG. 1. X ray, u–2u pattern of ~001! and ~111! LSMO, i.e.,
LSMO/STO/CeO2 /YSZ/Si and LSMO/STO/TiN/Si heterostructures.

FIG. 2. f scans~a! along the@301# direction of the~001! LSMO film and
~b! along the@101# direction of the~111! LSMO film.
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that of the underlying STO buffer~'0.5 nm!,5 with an aver-
age grain size of about 100 nm. We note that the particle
is similar to that observed~'70 nm! in LSMO films grown
by laser ablation on STO single crystals.6 Although some
prominent pyramidal-shaped particles are visible in the~111!
LSMO films, no significant differences in the average roug
ness and grain size are observed.

The temperature dependent magnetizationM (T), re-
corded at 10 kOe, for these films is shown in Fig. 3. T
saturation magnetizations of all films, measured at 10 K,
similar ~;600 emu/cm3! for the ~001! and~011! LSMO and
somewhat lower for the~111! LSMO film. There are reports
showing that substrate induced stress can substant
modify the magnetization.6 However it cannot be exclude
that the 10% difference may be due to an enhanced reduc
of magnetic ordering at the interfaces in crystallites of~111!
LSMO film. In fact, studies on bulk ceramics7 and thin films
support8 this hypothesis. On the other hand, the Curie te
perature (TC) of all films, defined by the sudden rise o
magnetization, is about 350 K, close to the values repo
~;360 K! for single crystals, thus showing that the bulk
the crystallites have the right stoichiometry and oxygen c
tents.

In sharp contrast with theM (T), the resistivityr(T) of
these samples exhibits substantial differences. As show
Fig. 3 ~rightside!, the resistivity at any temperature increas
when going from~001! to ~110! and ~111!.

We note that the room-temperature resistivity of o
~001! LSMO film is significantly larger
@r~300 K!'10 mV cm# than that of epitaxial~001! LSMO
films on single crystalline substrates~1.3 mV cm!.9 The re-
sistivities of the~110! and~111! LSMO films are both larger
than that of the~001! LSMO film but smaller than the resis
tivity of films having ac-axis texture but no in-plane epitax
~'1 V cm!.9 This observation clearly reveals the importa
contribution of intergrain resistance to the overall resistivi

The isothermal magnetoresistance~MR! MR5@r(H)
2r(H50)#/r(H50) of both ~100! and ~111! LSMO films
shows an abrupt decrease of resistivity at low fields, in
500 Oe range, followed by a more gradual high-field ma
netoresistance. This behavior is known to occur in LSM

FIG. 3. Temperature dependent magnetizationM (T), recorded at 10 kOe,
~left side! and zero-field resistivity~right side! for the ~001!, ~011!, and
~111! films.
IP license or copyright; see http://jap.aip.org/jap/copyright.jsp
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ceramics and grain boundaries and it has been attribute
interface scattering or the tunneling of carriers. The low-fi
MR ~LFMR!, that is, the linear extrapolation of the high-fie
linear part of MR~H! towards zero field, is in the 10%–20%
range and it increases when going from~001! to ~011! and
~111!. This behavior is closely connected to the observ
increase of resistivity of these films and should reflect a p
gressively more prominent contribution by the interfaces
the measured MR. In the inset of Fig. 4~b!, where we plot the
LFMR versus the residual resistancer ~10 K!, summarizes
these findings and reveals the connection between the r
tivity and the MR in these films. It also shows the relatio
ship between the LFMR measured and the FWHM~Dv! of
the ~001!, ~011!, and~111! LSMO rocking curves. Observa
tion of this plot clearly reveals that, for~001! LSMO films,
Dv substantially lower than1° are required to obtain vanish
ingly small LFMR values and single crystal-like magneto
sistance behavior. In fact, recent reports of LSMO films
single crystal STO substrates also support this conclusi8

In addition, when comparing the~001!, ~011!, and ~111!
films, a clear correlation between the normal-to-plane spr
directions~and, of course, the in-plane misorientation! and
the LFMR can be seen. However, in spite of the substan
differences between the in-plane interfaces of all films,

FIG. 4. MagnetizationM (H) loops~at 10 K! for the~001! and~111! LSMO
films; the' andi symbols indicate a measurement withH perpendicular and
parallel to the film plane, respectively. LFMR vs the residual resistancr
~10 K! ~bottom axis! and FWHM rocking width~Dv! for ~001!, ~011!, and
~111! LSMO films. The lines through the data are only guides for the e
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LFMR values observed are comparable; the rocking cu
Dv and the correspondingDf appear to have a major impac
on the magnetoresistance measured, irrespective of the
orientation. This extreme sensitivity of interface magneto
sistance to grain boundaries is not well understood
present.

The hysteresis loopsM (H) recorded for all films with
the field H perpendicular to the film plane are S shaped
expected for magnetization in the hard direction. On
other hand, whenH is parallel to the film plane, theM (H)
loops are square, thus indicating that the easy-magnetiza
axis is in the film plane, irrespective of the film texture.
Fig. 4 we show theM (H) loops, at 10 K, for the~001! and
~111! LSMO films. This plot clearly indicates that shape e
fects dominate the magnetic anisotropy of the films. T
same conclusion holds for the~011! LSMO film.

In summary we have shown that epitaxial (00h), (0hh),
and ~hhh! epitaxial LSMO films on buffered Si~100! sub-
strates can be successfully grown by appropriate selectio
a heterostructure buffer layer. Although details of the mic
structures of the interfaces in the crystallites are expecte
be substantially different for~001!, ~011!, and~111! textured
LSMO thin films, the low-field~low-temperature! magne-
toresistance measured is found to be comparable, thus
gesting that the spread of normal-to-plane and in-plane a
as measured by theDv and Df, and the concomitant in-
plane induced defects are dominant. It appears that, irres
tive of the texturing, shape anisotropy overcomes magn
crystalline anisotropy.
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