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Epitaxial thin films of L& g>-0 0:=C& 33+00MNO3_ 5 were grown by laser ablation on SrTjO0nN

(100 substrates the films grow with the largeaxis perpendicular to the plane. The films deposited
on (110 SrTiO; grow with both thec (long) axis anda (or b, shor) axis in the plane of the film.

The electrical resistivity(p) and the magnetoresistanc&d/p) show crystalline anisotropy. The
resistivity ratio between tha andc axis is constan(0.8) from 10 K up to 120 K and decreases to
0.77 between 125 and 225 K, shows a small peak anomdly @57 K), and is almost constant in

the paramagnetic phase. This temperature dependence is associated with anisotropic local lattice
distortions. The magnetoresistance anisotrapy/(p,—Ap/p, ) with the applied field in the plane

of the film, is small at low temperatures, peaks clos& tpand is slightly larger for measurements
along thea axis. The contributions of domain rotation and magnetocrystalline anisotropy to the
anisotropic magnetoresistance associated with spin—orbit coupling are discusse2zD00©
American Institute of Physic§S0021-897@0)55108-]

I. INTRODUCTION Il. EXPERIMENTAL AND SAMPLE
CHARACTERIZATION

The understanding of the mechanisms that affect the low
field magnetic and electric properties of manganites, in par- Manganite thin films were deposited by laser ablation on
ticular thin films, is essential for its application in magne- SrTiO; (STO) substrates using bulk kgCa 3MnO;
toresistive devices. One of the mechanisms contributing t6LCMO) material (T.=267 K) as a target Epitaxial growth
the low field magnetoresistance is the anisotropic magnetoren (100 substrates will produce films with the axis ori-
sistance(AMR), which results from spin—orbit scattering, ented perpendicular to the plane. Q0 STO substrates
and depends on the square of the component of the magnepitaxial growth is expected to keep thexis in the plane,
tization transverse to the current direction. In this case, thavith one of the short axis along the norniafiere the LCMO
contribution of magnetic domain configuration and magneto-orthorhombic structure is referred with tiRbmmnotation,
crystalline anisotropy to the magnetoresistance is most relwith a~b the short axis and the larger axis. The films were
evant. On the other hand, contrary to the case of layeredtructurally characterized by x-ray diffraction, texture, SEM
manganites, the crystallographic anisotropic properties oand Rutherford backscattering spectromet®BS) with
simple perovskite manganites have rarely been studied. Wehanneling. The crystalline quality of the films is excellent.
study the influence of crystallographic orientation on the re-The films deposited ofil10) STO substrates present a RBS
sistivity and magnetoresistance of;LgCaMnO; thin films.  minimum yield of 10%-13% along th€l10 substrate axis
The importance of lattice distortions on the manganite propand 16%—20% along th@00) axis. The films deposited on
erties has been established both theoretically andl00 substrates have in general a slightly better crystalline
experimentally: Our results suggest that the local lattice dis- quality, with minimum yields as low as 4.0% along €0
tortions of the Mn—0O bonds also play a role in the aniso-substrate axis and 15% along #16.0) axis. These values are
tropic transport properties. among the lowest reported in the literature for manganite
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FIG. 2. Resistivity ratiop(llla)/p(llic) with H=0 and 7 kOe. It is almost
50 100 150T(K)200 250 800 constant below about 150 K. Near 225 K the anisotropy & maximum.

FIG. 1. Temperature dependence of the electrical resistivity with the current
along thea or ¢ manganite axis. The inset showp/dT vs temperature.

der a magnetic field parallel to the axik=7 kOe, the an-

thin films# The thickness and chemical composition of the!SOroPY variation is slightly reduced, and the peak close to
films were determined using RBS data fitting. We find thick- ¢ iS broadened. Zeng and qungt_udled the crystallo-
nesses between 1100 and 1700 A and compositiongraph'c anisotropy of LCMO thin films resistivity. They
L 620,06C% 33-0.6MNOs_ 5. found that near and abovie. (200 K in their casgp(llic) is
'We'pres'ent cults on three of the samples: 100A ar18igher_thanp(llla). However, temperature dependenc_e of
110A, both deposited at 670°C da00 and (110 STO, the anisotropy was not the same and even changed sign be-
respectively, and 110B, deposited (rL0) STO at 700 °C. low about 190 K. One should note that their study was made
Texture measurementshow that films on(100) substrates compari_ng. tWO different films, which presented differdnt
grow with the manganita and b axis along the diagonals and resistivity peak temperatures. In our case, dpedT
betweer{ 100] and[010] in plane axes of the substrate, while P€ak temperatures are the same foratendc bars(inset in
films on (110 substrates grow with the manganieand c Fig. 1. The sen5|_t|V|ty of electron scattering to short range
axes in plane, parallel to tr[dTO] and the[001] axis of the effects may explain the temperature dependence of the resis-

substrate, respectively. Sampies deposited (600 and tivity crystalline anisotropy. Using Mn-edge EXAFS spectra,

7 i = -
(110 STO under the same conditions present very Sim”arl_anzaraet al” showed that LCMO(with T.=240K) pre

characteristicé, showing that the films are thick enough to sents two low temperature regimes, a truly ferromagnetic

enable strain relaxation. For samples 100A and 110A, wéﬂetal with homogeneously distributed large polarons only

i . L existing below a crossover temperatiré~170K. Above
find very close maxima of the temperature derivative of theT* in the so-called CMR phase small and large polarons
electrical resistivity (lp/dT): 235 and 234 K, respectively. o . . 'R phase, ge p

. coexist, with an increasing fraction of longer Mn—O bonds
For sample 110B thdp/d T maximum occurs at 260 K. The (2.13 instead of 2.01 Ralong the Mn—O octahedra main
samples deposited 0110 STO allow the measurement of > )

. : ! .. axis. AboveT;, the small polarons still persist. The main
physical properties along two different crystallographic di- o .

: . . characteristics of the temperature dependence of the resistiv-
rections of the manganite, the short aslf) and the long " i 1112y /p(lIic) may be associated with this local
axis (c). We cut two oriented bar pieces, and measured theY P P y

temperature dependence of the electrical resistivity with theStrUCture change. An increase of Mn—O bonds along the

electrical currentl) along thea or ¢ axes. To reduce spuri- ¢-axis would decrease the electron hopping probability, lead-

) . o ) A
ous effects and allow easier comparison of results, both bar”s1g 10 an increase of the resistivity along thexis atT*,

. ) .~ consistent with our data. In layered manganitestlal. also
were mounted with their axes parallel and measured simul- .
) ) . recently considered the relevance of the local structure to the
taneously with the same current in series. g .
spin-independent conductance anisotrpy.
Il RESULTS AND DISCUSSION The magnetores!stancé(;/p)_ of _the s_amples was mea-
sured with the applied magnetic field in the plane, either
The temperature dependence of the electrical resistivitparallel (Ap/p;) or transverse £p/p,) to the current with
along the two directions for sample 110B is displayed in Fig.magnetic field up to about 10 kOe, in both directions. The
1. One finds that the electrical resistivity is indeed anisovalues found are of the usual order of magnitude for laser-
tropic, with the resistivityp(llic) higher thanp(llla). As  ablated films near the optimally doped composition. In either
shown in Fig. 2, the ratip(llla)/p(llic) varies less than 4% configuration,Ap/p presents a negative peak ndar.? The
in the whole temperature range. Up to about 150 K it is closanagnetoresistance in the parallel configuration is in general
to 0.80, and decreases to 0.76 at 225 K. At this temperatudarger (in absolute valuethan in the perpendicular configu-
the resistivity anisotropy is maximum. A steep variation ofration, resulting in negative magnetoresistance anisotropy
the ratio occurs, with a sharp peak closdtd260 K). Inthe  Ap/p,—Ap/p, (MRA). In ferromagnetic metald-e, Co, N),
paramagnetic phase the ratio settles again at about 0.77. Uthhe MRA is directly related to the magnetization, and is al-
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FIG. 4. Angular dependence of the resistivity as the magnetic field is rotated
most constant in the ferromagnetic phase, decreasing to zejipthe plane of the sampl@) for current along the axis (9=0). Dashed
as the temperature is increasedTto. In high quality man- lines indicate the AMR (sfh) and CMR (cos(6)|) dependencies.
ganite films, MRA shows unusual temperature dependence,
with a strong peak around, (MRA~—1% to—2%) and a  dicating thatM is not aligned withH. At higher tempera-
much smaller limiting value at low temperatures—0.2 to  tures, the sifild dependence is observed even at 1 kOe. These
—0.4%.%° Figure 3 presents the temperature dependence @ésults can be interpreted using a phenomenological model
the MRA for sample 110B, witlila andllc in the interme- introduced by O’'Donnelet al1% considering the magnetiza-
diate and higher field rangé&—7 kOe. At low temperatures, tion dependence of both the colossal magnetoresistance
the MRA is low, around—0.5% and—0.2% for thec-axis (CMR) and AMR effects.p(H, ) = po(1—A|H cos@—¢)|)
and a-axis, respectively. Abovd, the MRA decreases to X(1+Bsir? ¢). The linear magnetic field dependence of the
zero, and the-axis MRA is more intense. In both these low CMR term is appropriate only at low temperatures. The
and high temperature ranges the field dependence is weaknalysis of magnetization configurations with adequate sym-
On the other hand, between about 200 K dnd the MRA  metry anisotropy energy contributions reveals that at suffi-
presents a strong magnetic field dependence, which even beently low fieldsM will not deviate much from an easy axis
comes non monotonic. In this interval, one finds that resis{¢<1) and therefore the CMR term will dominate, with a
tivity jumps occur at the coercive field$l(~80kOe) if the |cosé| dependence. At high enough fields= 6 and the
magnetic field is applied in tha/b axis, on both 100 and AMR dependence is recovered. The observation of the AMR
110 sampled® Such a feature is associated with a rapiddependence foH =1 kOe at 200 K is consistent with a de-
magnetization reversal through the growth of aligned magecrease of the anisotropy energy with increasing temperatures.
netic domains at the expense of antiparallel or transvers&his competition of effects is also observed in a recent study
domains'® To further characterize the nature of the MRA we on layered manganites$.
studied the dependence of the electrical resistivity on the
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