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Abstract



2. Experimental



We report on a polarized X-ray absorption spectroscopy study, combining experimental measurements and ab initio calculations, of La0.7 Sr0.3 MnO3 ﬁlms, epitaxially grown on tensile and compressive substrates. Measurements show signiﬁcant modiﬁcations in the coordination shell around manganese atoms in the ﬁlm plane for both substrates. We show that biaxial strain is locally accommodated in the coordination shell, by distortion of the MnO6 octahedron, without change in the tilt angle. The modiﬁcations of the near edge spectra were correlated to modiﬁcation in the average Mn O bond distance and distortion of the MnO6 octahedra. This distortion tending to localize the charge carriers may account for the decrease of the Curie temperature observed in thin ﬁlms with respect to bulk systems.



LSMO thin ﬁlms (pseudo-cubic perovskite structure, a = 3.87 Å) were epitaxially grown by pulsed laser deposition under tensile (SrTiO3 (STO) [001]) and compressive (LaAlO3 (LAO) [001]) substrates with cubic and pseudo-cubic structures (a = 3.905 Å and a = 3.793 Å respectively). The low lattice mismatch between LSMO, STO and LAO allows a pseudomorphic growth for ﬁlm thickness below 100 nm and 50 nm respectively [5]. MgO substrate (cubic, with a = 4.21 Å) was used to obtain a non pseudomorphic 3d-texturized fully relaxed ﬁlm. For similar thickness the strain factor (zz − xx , see table I) is about twice for the ﬁlm grown on LAO than for the ﬁlm grown on the STO substrate. The X-ray absorption experiments at the Mn K-edge (6539 eV) were performed at the LNLS D04B-XAS beamline using a Si (111) channel-cut crystal monochromator. The incident beam was monitored by an ion chamber and the data were collected in ﬂuorescence mode using a Ge 15-elements solid state detector. Selective information about the bonds in a plane parallel to the ﬁlm surface (IP) and perpendicular to this plane (OP) of the same ﬁlm are obtained by setting the angle between electric ﬁeld vector of the incident photon beam and the ﬁlm surface to values close to 0 and 90 degrees (10 and 75 degrees, respectively).



1. Introduction Among the materials exhibiting the Colossal Magnetoresistance effect [1], mixed manganite ﬁlms have received special attention due to their potential application for a new generation of magneto-electronic devices [2]. From a fundamental point of view they show a variety of interesting phenomena due to the interplay of several, opposite magnetic interactions highly correlated with the crystal structure and the hole doping (metalinsulator transition, charge ordering, orbital ordering, phase segregation . . .). Moreover, high quality thin ﬁlms of manganites can be brown using deposition techniques similar to the ones developed for high-TC superconductors. Structural and magnetic studies of thin ﬁlms on slightly mismatched substrates have showed signiﬁcant sensitivity of manganite properties to the induced strain. The temperature of the ferromagnetic transition, for example, has been observed to decrease as the external strain is increased. This would open up large possibilities to the design of tunable magnetic devices, if it were possible to address the explicit connection between the cell induced strains and the local structure around the manganese atoms, the Mn O distances (coordination length) and the Mn O Mn angle (octahedral tilt), key parameters for the versatility of the magnetic and transport properties. X-ray absorption spectroscopy has been already used to investigate local order around the manganese atoms in some manganites ﬁlms [3, 4], but there is no consensus yet about the relative importance of these two key parameters. We report here on a polarized X-ray absorption spectroscopy study in La0.7 Sr0.3 MnO3 (LSMO) thin ﬁlms epitaxially grown on tensile and compressive substrates. Experimental measurements and ab initio calculations were combined to elucidate the strain induced local modiﬁcation around the manganese ions.



3. Results and Discussion Figure 1 shows XANES spectra of the tensile (STO substrate) and compressive (LAO substrate) strained ﬁlms. The energy shift at the spectra collected can be associated to local changes on average Mn O bond distance. We should note that the shifts for the tensile and compressive ﬁlms are in opposite directions. For LSMO/STO the negative energy shift (−0.4 eV) shows that the Mn O bond length is larger in the IP plane, as compared to the OP plane. On the contrary, in the ﬁlm under compressive strain, LSMO/LAO, Table I. Strain components xx and zz (deﬁned as a −a c −c xx = yy = filmaref ref and zz = filmcref ref ) in LSMO ﬁlms. Substrate SrTiO3 (STO) MgO (MO) LaAlO3 (LAO)



ﬁlm thickness



xx = yy



60 nm



0.9%



60 nm



0%



45 nm



−2.0%



zz −0.8% 0% 2.3%
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Fig. 1. Near Edge X-ray absorption spectra at the Mn K edge for the tensile (SrTiO3 ) and compressive (LaAlO3 ) LSMO ﬁlm in plane and out of plane measurements. The energy shifts are in opposite directions and differ by a factor 2.



the positive energy shift (+0.8 eV) indicates that the Mn O bond length is smaller in IP plane than in the OP plane of the ﬁlm. Moreover the amplitude of the shift for the LSMO/LAO ﬁlm is about twice that for the LSMO/STO one and of the same order as the ratio of the long range strain factor among these ﬁlms (zz − xx , on table I). The strain on the cell parameters is then directly related to average octahedral modiﬁcations. This indicates that the strain should be fully accommodated by changes in the coordination shell (Mn O), without any modiﬁcation of the Mn O Mn angle. Slight modiﬁcations of the ﬁrst line shape and intensity are observed in the XANES spectra. Such modiﬁcations already reported in the literature have been associated to distortions of the local structure. We performed ab initio simulations using the full multiple scattering approach, to investigate the effect of octahedral distortion on the XANES spectra. Self-consistent calculation of the atomic potentials were performed using the Feff8.2 code [6]. The real part of the potential is modeled by an exchangecorrelation Hedin-Lundqvist potential. All calculated absorption spectra were normalized by the value at 50 eV above the absorption edge allowing the ab initio calculations to be compared in position and intensity. Simulations were performed in a LSMO cluster considering isotropic MnO6 and anisotropic distortions. The calculations shown in ﬁgure 2 were performed for clusters with tetragonal distortion using local order parameters scaling with the cell parameters of the ﬁlms. The calculations do not take into account structural disorder or dispersion of the Mn O length, so that for the calculated XANES spectra the differences in amplitude are higher and the rising slope steeper than in the experimental data. With this restriction, the calculated structures (ﬁgure 2) reproduce well the main differences in the features of the experimental results (ﬁgure 1) among the two orientations of the ﬁlms: the energy shift amplitude and direction, and the relative reduction of the amplitude of the white line. Based on these calculations we can then certify that a model of anisotropic distortion of the MnO6 octahedron accounts for the experimental XANES spectra. In the LSMO system, the contribution of the spontaneous energy-lowering Jahn-Teller distortion of the Mn3+ O6 is too small to be associated to a measurable average octahedral distortion. The substrate strain induces a larger and measurable static anisotropic distortion of the MnO6 octahedron, with splitting of the in-plane and out-of-plane Mn O bond lengths. This distortion leading to Physica Scripta T115



Fig. 2. XANES ab initio calculations of the LSMO structure in the compressive and tensile ﬁlms, considering tetragonal distortion of the Mn O octahedron. Comparison between the in plane and out of plane orientations for each ﬁlm.



an increase of the splitting of the eg levels, tends to localize the charge carriers and may account for the decrease of the Curie temperature observed in thin ﬁlms with respect to bulk systems [5] . We must point out that the XANES modiﬁcations are mainly correlated with modiﬁcations on the O O O angle (between the oxygens of the octahedron) by splitting of the Mn O bond length. This splitting can appear due to different in-plane and out-of-plane bond lengths, as occurred for a tetragonal local distortion of the MnO6 octahedron, but also in more complex distortion, as for example an orthorhombic distortion, were different Mn O bond lengths are in the ﬁlm plane. This later non-isotropic distortion in the plane may take place due to the nature of the Mn3+ and Mn4+ ions and is suggested by our EXAFS study [7]. Unfortunately, the change in the density of unoccupied states between these two situations is very small and ab initio calculations yield almost the same results for tetragonal and orthorhombic distortions. 4. Conclusions In summary, we present here a combination of experimental measurements and ab initio calculations of polarized X-ray absorption to investigate the local scale structural distortion induced by substrate strain around manganese atoms in La0.7 Sr0.3 MnO3 ﬁlms. We show that biaxial strain is locally accommodated in the coordination shell, by distortion of the MnO6 octahedron, without change in the tilt angle. Acknowledgments This work is partially supported by LNLS/ABTLuS/MCT. NMSN acknowledges a grant from CAPES. AYR acknowledges a grant from CNPq.
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Local Structure in Strained Manganite thin Films






We report on a polarized X-ray absorption spectroscopy study, combining experimental measurements and ab initio calculations, of La0.7Sr0.3MnO3 films, epitaxially grown on tensile and compressive substrates. Measurements show significant modifications in the coordination shell around manganese atoms in the. 
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