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Tunable epitaxial growth of magnetoresistive La  5,3Sr,3MnO3 thin films
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We report on the growth of epitaxial bgSr,sMnO; thin films on buffered §001) substrates. We
show that a suitable choice of the buffer heterostructure allows one to obtain epitaxigl (00
(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. 1@99 American Institute of Physics.
[S0021-897€09)35108-2

INTRODUCTION LSMO layers, typically 100 nm thick, were deposited at

. . , . a substrate temperature of 750 °C, oxygen pressure of 0.40
There is a great deal of interest in ferromagnetic mangaz p-« and a laser repetition rate of 10 Hz

nese perovskites for a number of spin-dependent transport The films’ structural quality and epitaxial nature were

devicgs. In thi.s regard, the structure of interfaces gnd it%vestigated by a four circle x-ray diffractometer. All the
associated resistance are an issue of major concern since they o jographic planes and directions for LSMO referred to
dgtermlne low-field r_nagn_etot_rans_port resp_ohs?eA CONVE~ " in this work are indexed according to cubic notations.
nient strategy tq this object_lve is the epltaX|aI grovyth of Atomic force microscopyAFM) was used to observe the
Ll*XAXME%ﬁ(L is a lanthanide Z‘m Aba'dlvalfenthalkagne film morphology and to estimate the surface roughness. The
earth) with di erent_ or|entat_|0n§. n obvious further a van- magnetization and electrical resistivity were measured by a
tage for technological applications wou!d b_e the use_of SIII'Quantum Design superconducting quantum interference de-
con substrates. The growth of manganite films orfdBion vice (SQUID) system in the 10-350 K temperature range

Si with a thermal oxidesubstrates faces the difficulty of Si- ;4 nder fields up to 50 kOe. In the measurements reported
|nterd|ffu5|0|_'1 and thermal expansion mismatchihe recent the magnetic field is always in the film plane and parallel to
report of epitaxial growth of SrTiQ(00h), (Ohh), or (hhh the current

on buffered S001) (Ref. 5 is of particular relevance be-
cause SrTiQis an almost ideal substrate for the epitaxial
growth of manganite films. RESULTS
In this article we will take advantage of these results and  The x-ray 6-2¢ diffraction patterns of the
we will explore the growth of LgsSr;sMnO; (LSMO) epi- | SMO/STO/CeQ/YSZ/Si,  LSMO/STO/YSZ/Si, and
taxial thin film on buffered D01 substrates using a pulsed LSMO/STO/TiN/YSZ/Si thin films show the (01, (Ohh),
laser deposition technique. For all LSMO thin films the up-and (hhh) peaks of the LSMO films indicating the
permost buffer layer is SITIQ(STO) which, with appropri-  perpendicular-to-the-plane texture of the corresponding
ate selection of the underlying buffer layers, can be texturediims. Thus these films will be labele@01) LSMO, (011)
differently, thus allowing one to grow epitaxial | SMO, and(111) LSMO. In Fig. 1 we show the)—26 pat-
Lay/3ShsMn0O; films having (001, (011 or (111 orienta-  tern corresponding to(001) and (111) LSMO, i.e.,
tions. LSMO/STO/CeQ/YSZ/Si and LSMO/STO/TIN/YSZ/Si, re-
spectively. To the best of our knowledge this is the first
report of epitaxial growth 0f011) and(111) LSMO films on
EXPERIMENT buffered S{001) substrates.
S The rocking curves are found to incred$ell width at
LSMO thin films and the necessary buffers have beerhalf maximum FWHM from 1.1°, to 1.3°, to 2.4° for the

prepared_ on %001 sqbstrates by pulsed laser deposition(ooD, (011), and(112) LSMO films, respectively. These can
(PLD) using a KrF excimer laser. The heterostructureslof thebe compared with the corresponding rocking curves mea-
buffers used are STO/CeOY'SZ, STO/YSZ, and STO/TIN/ g ;req for the underlyingd01), (011, and(111) STO buffers:

YSZ. These allow tailoring of the texture of the LSMO film. 1 30 1 5o and 2.4° respectivelythus showing that the

We recall that the following ep_itaxial relations have bee”quality of the perpendicular texture of the LSMO films es-
observed: (001)STC[100]//(001)S|[110], (Oll)STqOJ.-l]// sentially mimics that of the STO buffers.

(00DSi[100], and(11)STA1-10}//(00DSI[100]. The ¢ scans of thg001) LSMO film, shown in Fig. 2,
reveal the existence of a set of reflections which correspond

dElectronic mail: fontcuberta@icmab.es to the family of (301) planes of the LSMO and STO films.
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FIG. 1. X ray, 6-20 pattern of (001)) and (111 LSMO, i.e, FIG. 3. Temperature dependent magnetizatib(l), recorded at 10 kOe,
LSMO/STO/CeQ/YSZ/Si and LSMO/STO/TIN/Si heterostructures. (left sidg and zero-field resistivity(right sidg for the (001, (011), and
(11D films.

This picture reveals a complete in-plane texture and shows

that the LSMO Iayer grows, cube on cube, epitaXia”y on thqhat of the under|ying STO buffer=0.5 nn'),s with an aver-
SrTiO; buffer film. That means thathkl] directions of  age grain size of about 100 nm. We note that the particle size
LSMO and STO are parallel. Thg scans of thé011) plane s similar to that observe@=70 nm in LSMO films grown
of the (111) LSMO films show the presence of four sets of by |aser ab|ati0n on STO Sing'e Cryst5|$\|th0ugh some
three reflections, which reveal the complete in-plane texturggrominent pyramidal-shaped particles are visible in(ttel)

The roughness of th€001) LSMO film, determined | SMO films, no significant differences in the average rough-
from AFM measurements in admXx1um scan area, iS ness and grain size are observed.
about 5 nm, that is, about one order of magnitude larger than The temperature dependent magnetizatMigT), re-
corded at 10 kOe, for these films is shown in Fig. 3. The
saturation magnetizations of all films, measured at 10 K, are
(a) R— LSMO(301) similar (~600 emu/crf) for the (001) f':md(Oll) LSMO and

5 somewhat lower for thél11) LSMO film. There are reports

STO(301) showing that substrate induced stress can substantially
i : : modify the magnetizatioh.However it cannot be excluded
; that the 10% difference may be due to an enhanced reduction
i of magnetic ordering at the interfaces in crystalliteg 1)

LSMO film. In fact, studies on bulk ceramicand thin films
supporf this hypothesis. On the other hand, the Curie tem-
perature Tc) of all films, defined by the sudden rise of
magnetization, is about 350 K, close to the values reported
(~360 K) for single crystals, thus showing that the bulk of

o 90 180 70 380 the crystallites have the right stoichiometry and oxygen con-

Intensity (a.u.)

tents.
¢ (deq) In sharp contrast with th#(T), the resistivityp(T) of
these samples exhibits substantial differences. As shown in
(b) Fig. 3 (rightside, the resistivity at any temperature increases

when going from(001) to (110 and(111).
We note that the room-temperature resistivity of our
(001 LSMO film is significantly larger
[ p(300 K)~10 m) cm] than that of epitaxial001) LSMO
films on single crystalline substratés.3 m cm).® The re-
sistivities of the(110) and(111) LSMO films are both larger
than that of thg001) LSMO film but smaller than the resis-
tivity of films having ac-axis texture but no in-plane epitaxy
w (=1 Qcm).® This observation clearly reveals the important
contribution of intergrain resistance to the overall resistivity.
90 180 270 360 The isothermal magnetoresistané®IR) MR=[p(H)
—p(H=0)]/p(H=0) of both(100) and(111) LSMO films
¢ (deg) shows an abrupt decrease of resistivity at low fields, in the

FIG. 2. ¢ scans(a) along the[301] direction of the(001) LSMO film and 900 Oe range, followed by a more gradual high-field mag-
(b) along the[101] direction of the(111) LSMO film. netoresistance. This behavior is known to occur in LSMO
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LFMR values observed are comparable; the rocking curve
Aw and the correspondinfy¢ appear to have a major impact
e on the magnetoresistance measured, irrespective of the film
orientation. This extreme sensitivity of interface magnetore-
sistance to grain boundaries is not well understood at
present.

The hysteresis loopM (H) recorded for all films with
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o0 L Ooob' the fieldH perpendicular to the film plane are S shaped as
) _o° o expected for magnetization in the hard direction. On the
-600 /957’””' (@) other hand, whe is parallel to the film plane, th#(H)
" 1 " . . . . .
10000 5000 5000 10000 loops are square, thus indicating that the easy-magnetization

axis is in the film plane, irrespective of the film texture. In
Fig. 4 we show theM (H) loops, at 10 K, for thg¢001) and
(1112) LSMO films. This plot clearly indicates that shape ef-
l fects dominate the magnetic anisotropy of the films. The
AAA/A same conclusion holds for th811) LSMO film.
o In summary we have shown that epitaxial 6Q0(0hh),
and (hhh) epitaxial LSMO films on buffered $100) sub-
strates can be successfully grown by appropriate selection of
& a heterostructure buffer layer. Although details of the micro-
/AAAA structures of the interfaces in the crystallites are expected to
be substantially different fo{001), (011), and(111) textured
(b) LSMO thin films, the low-field (low-temperature magne-
toresistance measured is found to be comparable, thus sug-
gesting that the spread of normal-to-plane and in-plane axes,
as measured by thAw and A¢, and the concomitant in-
FIG. 4. MagnetizatioM (H) loops(at 10 K) for the (001) and(111) LSMO plane induced defects are dominant. It appears that, irrespec-

films; theL andll symbols indicate a measurement wiitiperpendicular and  tive of the texturing, shape anisotropy overcomes magneto-
parallel to the film plane, respectively. LFMR vs the residual resistance crystalline anisotropy.

(10 K) (bottom axi$ and FWHM rocking width(Aw) for (001), (011, and

(111 LSMO films. The lines through the data are only guides for the eye.
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