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I. INTRODUCTION

Lanthanum chromite, LaCrO3 (LCO), has attracted strong attention and motivated an increasing number of studies in the past few years due to its remarkable physical properties.

LCO is an antiferromagnetic insulator at room temperature [START_REF] Weinberg | Electron paramagnetic resonance and antiferromagnetism in LaCrO3[END_REF][START_REF] Arima | Variation of optical gaps in perovskite-type 3d transitionmetal oxides[END_REF] and becomes a p-type transparent conductor with partial substitution with divalent Sr on A-site for instance [START_REF] Webb | Polaronic conduction in lanthanum strontium chromite[END_REF][START_REF] Karim | Localized level hopping transport in La(Sr)CrO3[END_REF][START_REF] Zhang | Perovskite Sr-doped LaCrO3 as a new ptype transparent conducting oxide[END_REF][START_REF] Zhang | Hole-induced insulator-to-metal transition in La1-xSrxCrO3 epitaxial films[END_REF] . These tunable physical properties, enabled by the chemical flexibility characteristic for perovskite oxides, are liable to deserve many key applications and devices such as solid-oxide fuel cells (SOFC) [START_REF] Tao | A redox-stable efficient anode for solid-oxide fuel cells[END_REF] , transparent electrode, thermoelectricity [START_REF] Zhang | Perovskite Sr-doped LaCrO3 as a new ptype transparent conducting oxide[END_REF] , water-splitting [START_REF] Stoerzinger | Impact of Sr-incorporation on Cr oxidation and water dissociation in La(1-x)SrxCrO3[END_REF] , and non-volatile memories [START_REF] Marti | Room-temperature antiferromagnetic memory resistor[END_REF][START_REF] Hu | Nonvolatile resistive switching and physical mechanism in LaCrO3 thin films[END_REF] . LCO can also be combined by epitaxy to the other members of the perovskite oxide family, the wide ranging physical properties of which (n-type semiconductor 11 , ferroelectric, piezoelectric,…) leverage the design of original functionalities and devices. Whereas n-type perovskite-oxide semiconductors, such as the widely studied (LaxSr1-x)TiO3 and more recently (LaxBa1-x)SnO3, are well known, (SrxLa1-x)CrO3 is almost the only example of p-type perovskite-oxide semiconductor reported to date [START_REF] Woods-Robinson | Assessing High-throughput descriptors for prediction of transparent conductors[END_REF][START_REF] Zhang | P-type transparent conducting oxides[END_REF] . Its structural and elastic properties, whilst crucial to control the growth and properties of this material, are very poorly known [START_REF] Zhang | Hole-induced insulator-to-metal transition in La1-xSrxCrO3 epitaxial films[END_REF][START_REF] Suvorov | A heating module equipped with lanthanum chromite-based heaters[END_REF] .

For isotropic solids subjected to uniaxial stress, the Poisson ratio (ν) is defined as -εt/εl, where εt and εl are the strain in the transverse and longitudinal direction with respect to the stress direction, respectively [START_REF] Greaves | Poisson's ratio and modern materials[END_REF] . For all isotropic materials -1  ν  0.5, and for most well-known solids 0.2  ν  0.4 [START_REF] Greaves | Poisson's ratio and modern materials[END_REF][START_REF] Ji | Poisson's ratio and auxetic properties of natural rocks[END_REF] . For single-crystalline materials, a strong elastic anisotropy can exist yielding abnormal Poisson ratios [START_REF] Huang | Abnormal Poisson's ratio and linear compressibility in perovskite materials[END_REF][START_REF] Lethbridge | Elastic anisotropy and extreme Poisson's ratios in single crystals[END_REF] . For solids of cubic symmetry, the Poisson ratio can also be written as a function of the elastic constants as follows: ν = C12 / (C11 + C12). When subjected to biaxial stress, as it is the case for epitaxial films of materials with pseudo-cubic lattice (e.g. perovskite oxides), the normal strain (εzz, perpendicular to the plane) can be written as function of the Poisson ratio and in-plane strain along the <100> directions (εxx or εyy) as following equation [START_REF]Materials fundamentals of molecular beam epitaxy[END_REF] :

3 εzz = - 2ν 1 -ν εxx (1)
Where ν / (1 -ν) = C12/C11. From this relationship, both the Poisson ratio and the bulk lattice constant (ab) can be extracted by measuring the out-of-plane (c) and in-plane (a) lattice parameters of films subjected to different biaxial epitaxial strains, using the following linear relationship:

c = - 2ν 1 -ν a + 1 + ν 1 -ν a b (2)
Although various studies have dealt with strain-dependent physical properties from films subjected to different strains, the extraction of Poisson ratio and bulk lattice constant is mostly absent. Only a few previous studies report the extraction of ν from strained epitaxial perovskite oxide thin films. Chen et al. [START_REF] Chen | Low-symmetry monoclinic phases and polarization rotation path mediated by epitaxial strain in multiferroic BiFeO3 thin films[END_REF] have grown multiferroic BiFeO3 thin films on different substrates chosen to provide the widest possible range of lattice mismatch (from -2.8% to +6%) and have measured a ν value of 0.49 for the rhombohedral-like phase of this oxide. Adamo et al. [START_REF] Adamo | Effect of biaxial strain on the electrical and magnetic properties of (001) La0.7Sr0.3MnO3 thin films[END_REF] derived a Poisson ratio of 0.37 for epitaxial La0.7Sr0.3MnO3 thin film. Choi et al. 22 have grown (LaxSr1-x)TiO3 films with different substitution ratios (from 5% to 25%) on different substrates resulting in lattice mismatch strain ranging from -2.9% to +1.1%, and although the measured Poisson ratio is not given, the study indicates that Sr substitution by La tends to decrease the Poisson ratio with respect to SrTiO3. Niu et al. [START_REF] Niu | Evidence for the formation of two phases during the growth of SrTiO3 on silicon[END_REF] have evidenced the formation of two SrTiO3 phases having different Poisson ratios during the epitaxial growth of this oxide on Si.

In this paper, high-quality strained epitaxial (Sr0.25La0.75)CrO3 (SLCO) and LaCrO3 (LCO) thin films were grown by molecular beam epitaxy (MBE) on four different (001)oriented (pseudo-)cubic perovskite-oxide substrates: LaAlO3 (LAO), (LaAlO3)0.3(Sr2AlTaO6)0.7 (LSAT), SrTiO3 (STO) and DyScO3 (DSO), with different lattice constants ranging from 3.796 to 3.944 Å (Fig. 1). The impact of epitaxial strain on the in-and out-of-plane lattice parameters of the thin layers has been investigated, and the Poisson ratio as well as the bulk lattice constant of SLCO has been extracted from these measurements. The parameters significantly differ from that measured for LCO (see supplementary material).

II. EXPERIMENTAL DETAILS

Four different (001)-oriented cubic/pseudocubic perovskite-oxide substrates, namely LAO, LSAT, STO and DSO with lattice constants of 3.796 Å, 3.868 Å, 3.905 Å and 3.944 Å, respectively [START_REF] Schlom | A thin film approach to engineering functionality into oxides[END_REF] , were used to grow in the same campaign (but different runs) the strained epitaxial SLCO (30 nm) and LCO (15 nm) thin films by solid-source MBE in a ultra-high vacuum (UHV) chamber having a base pressure less than 1×10 -9 Torr. La, Sr and Cr were evaporated from effusion cells in codeposition. The fluxes were measured before the growth using a Bayard-Alpert (BA) gauge (after subtraction of the background pressure) and checked using a quartz crystal microbalance (Fig. S1) [START_REF] Han | Structural properties of strained epitaxial La1+δCrO3 thin films[END_REF] . The stoichiometry has been calibrated using flux measurements by BA gauge and quartz crystal microbalance (QCM), X-ray diffraction (XRD) on calibration series (LCO and SrCrO3), Rutherford backscattering spectrometry (RBS) and X-ray photoelectron spectroscopy (XPS) (see Fig. S2-4). The growth rate was  0.15 nm/min for the SLCO films and  0.1 nm/min for LCO films. The substrates were annealed under the growth conditions for 15 minutes in order to remove surface impurities before starting the growth at T = 750°C and P(O2) = 1×10 -7 Torr 25 . After deposition, the substrate temperature was lowered to 200°C at a rate of 50 °C/min while the background O2 was pumping out. All the films were grown on as-received substrates, except that grown on STO, for which the substrate was treated to be terminated by a TiO2 plane [START_REF] Han | Structural properties of strained epitaxial La1+δCrO3 thin films[END_REF][START_REF] Koster | Quasi-ideal strontium titanate crystal surfaces through formation of strontium hydroxide[END_REF] . Reflection high-energy electron diffraction (RHEED) was used to check in-situ the qualitative structural quality of the films.

The structural properties were quantitatively investigated by XRD and X-ray reflectometry (XRR) using a Rigaku Smartlab diffractometer equipped with a high-brilliance rotating anode This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset. 
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III. RESULTS AND DISCUSSION

The RHEED patterns recorded at the end of the growth of the SLCO thin films on the four different substrates along the high-symmetry <100> in-plane crystallographic direction are shown in Fig. 2a-d. All the patterns, except that corresponding to the film grown on the LAO substrate (Fig. 2a), present well contrasted streak lines showing that the films are heteroepitaxial with very flat surfaces. For the film grown on LAO, the rather spotty pattern indicates that the film is slightly rougher than the others. Indeed, according to XRR measurements, the SLCO/LAO film surface has a mean root-mean-square (rms) roughness around 0.72 nm that is slightly larger than that of the three other SLCO films on LSAT, STO, and DSO substrates, which are 0.58 nm, 0.54 nm and 0.49 nm, respectively. Besides, the rms substrate surface roughness is found to be very low (0.15 nm) for all the cases (Table S2). The rms surface roughnesses measured locally by AFM topographic images are in good agreement with RHEED and XRR results (Fig. S6).

The structural properties of all SLCO and LCO films have been investigated by XRD.

Wide 2- scans (10-80°) reveal only diffraction peaks corresponding to the {00l} reflections of the SLCO films and substrates (Fig. S7), indicating that no other (001) oriented phases than SLCO (00l) are present in the epitaxial films. In addition, XRD pole figure performed on the SLCO film on LAO (the largest lattice mismatch) does not reveal any secondary crystalline phase (Fig. S8). Fig. 2e-h show the XRD 2- scans around the (002) reflections of SLCO films and their corresponding substrates. The presence of Pendellosung fringes around the diffraction peaks of films attest their high crystalline quality and abrupt interfaces. The out-ofplane lattice parameter of the SLCO films (cSLCO) decreases with increasing substrate lattice constant, due to increasing in-plane strain. The same behavior is observed for LCO films (Fig. S11b), which is ruled by elasticity Hooke's law with positive Poisson ratio [START_REF]Materials fundamentals of molecular beam epitaxy[END_REF] . The cSLCO values are 3.943 Å, 3.904 Å, 3.844 Å, and 3.804 Å for SLCO films on LAO, LSAT, STO and DSO substrates, respectively. Although the films are of similar thickness (Table S2 with a main component leads to an out-of-plane parameter of 3.804 Å (Fig. 2h) in perfect agreement within the instrumental resolution with the maximum of the (103) node in the reciprocal space map (Fig. 3d) corresponding to fully strained component. The -scans measured for all the films around the SLCO (002) reflection are shown in Fig. 2i. The mosaicity (full width at half maximum, FWHM, of these curves) is below 0.09° for all films except for SLCO on LAO, indicating high structural quality. For the SLCO film grown on LAO substrate, the mosaicity is larger around 0.38°, probably partially because of the poor crystalline quality of the substrate, large in-plane compressive stress and partial plastic relaxation with 3D morphology (Fig. 2a). Fig. 2j shows the normalized integrated diffracted intensity of these -scans as a function of the substrate lattice constant. The highest intensity is obtained for the smallest lattice mismatch, showing the impact of epitaxial strain on the structural quality.

The in-plane parameters of the SLCO and LCO thin films have been measured using XRD reciprocal space maps (RSM) around the asymmetrical (103) reflections (Fig. 3 and Fig. S10, respectively). These RSM besides confirm the tendencies extracted from Fig. 2e-h (and Fig. S9e-h) for the out-of-plane lattice parameter. For the DSO, STO and LSAT substrates, the SLCO (103) nodes are aligned vertically with that of the substrates, indicating that the in-plane lattice parameter of the SLCO thin films (aSLCO) are equal to that of their substrates, and thus that the films are coherently strained by the substrates. For the SLCO film on LAO substrate, the node asymmetry attest for partial strain relaxation, which is most probably due to a larger lattice mismatch on this substrate (see below) [START_REF]The out-of-plane and in-plane epitaxial strain (εzz and εxx, respectively) due to the lattice mismatch f = (asub -afilm) / afilm are defined here as: εzz = (cfilm -abulk) / abulk and εxx = (afilm -abulk)[END_REF] . The same main behavior is observed with the LCO epitaxial thin films (Fig. S10). However, looking into more details, the (103) nodes of the SLCO films on LAO and DSO are both asymmetric, with broadening elongated towards a slightly different position than the bulk position (Fig. 3). Although low, thermal expansion mismatch between the film and substrates can mitigate this discrepancy, as in the case of LCO films (Fig. S10) [START_REF] Moalla | Dramatic effect of thermal expansion mismatch on the structural, dielectric, ferroelectric and pyroelectric properties of low-cost epitaxial PZT films on SrTiO3 and Si[END_REF][START_REF]The thermal expansion coefficients at room temperature of LCO, LAO[END_REF] . The remaining difference could be caused by slight cationic segregations, as observed with other Cr-based oxides but with spinel structure [START_REF] Scafetta | Epitaxial growth and atomic arrangement in Fe2CrO4 on crystal symmetry matched (001) MgAl2O4[END_REF] . In the following, the Poisson ratio and bulk lattice constant of SLCO and LCO are derived from the fully strained part of the films.

The dependence of the out-of-plane lattice parameters c to the in-plane lattice parameter a is shown for both SLCO and LCO films in Fig. 4. The c(a) function is linear as expected from elastic strain of pseudo-cubic SLCO [START_REF]Materials fundamentals of molecular beam epitaxy[END_REF] , and it can be fitted using Eq. ( 2). The Poisson ratio (ν = This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset. PLEASE CITE THIS ARTICLE AS DOI: 10.1063/1.5101049 0.32 ± 0.02) as well as the bulk lattice constant (ab = 3.876 Å) and C12/C11 = ν / (1 -ν) ~ 0.5 of SLCO have been extracted from such fit. Note that this method applied to LCO (Fig. S11b) leads to elastic and structural parameters very similar to those found in the literature, confirming its validity: the measured Poisson ratio (ν = 0.24) and bulk lattice constant (ab = 3.888 Å) are in perfect agreement with literature (ν = 0.23 and ab = 3.885 Å) [START_REF] Suvorov | A heating module equipped with lanthanum chromite-based heaters[END_REF]31 . The 25% Sr substitution significantly increases the Poisson ratio by more than 30% with respect to LCO. The change of

Poisson ratio might also be related to the change in Cr valence rather than the Sr substitution alone. In order to well discriminate the cause, other SLCO films with lower oxidation state would have to be elaborated in order to get the same Cr valence as in LCO films. The inset of Fig. 4 indicates that the bulk lattice constant of SLCO (ab-SLCO = 3.876 Å) is linearly in-between that of LCO (ab-LCO = 3.885 Å) 31 and SrCrO3 (SCO) (ab-SCO = 3.819 Å) [START_REF] Zhang | P-type transparent conducting oxides[END_REF][START_REF] Zhang | Reversible nanostructuring of SrCrO3-δ through oxidation and reduction at low temperature[END_REF] , which is expected from a Vegard's law and is in agreement with literature [START_REF] Zhang | Hole-induced insulator-to-metal transition in La1-xSrxCrO3 epitaxial films[END_REF] . The bulk lattice constant of SLCO is thus in-between of that of LSAT and STO substrates (closer to LSAT whose lattice constant is 3.868 Å) and confirms that the SLCO film with the lowest strain is the one grown on LSAT substrate.

Fig. 5 shows a summary of the structural properties (lattice parameters and associated strains) of the epitaxial SLCO films as a function of the substrate lattice constants and the structural mismatch (f0). The out-of-plane strain (εzz) is inversely equal to the in-plane strain (εxx), consistently with the measured Poisson ratio value (Fig. 5a-b). For ν = 1/3, εzz = -εxx [Eq.

( 6.45 g cm -3 for all films consistently with the bulk density. Epitaxial strain of SLCO films having relatively large Poisson ratio could have a great impact on their physical properties which is barely unexplored to date.

IV. CONCLUSION

In summary, high-quality epitaxial thin films of (Sr0. Goure for technical support. Table 1: Summary of the structural and chemical properties of the SLCO thin films. This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.
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  DOI: 10.1063/1.5101049 and a double-crystal Ge(220) monochromator. Atomic force microscopy (AFM) was used to measure the surface morphology and local surface roughness of the films.

  )]. The SLCO epitaxial thin films can endure relatively large strain up to 2% and can present relatively large (pseudo)tetragonality (c/a) almost up to 1.05 (Fig.5c), much more important than bulk tetragonal ferroelectric BaTiO3 (c/a = 1.01) for instance. The unit-cell volume is found to be in-between 57 and 59 Å 3 (Vb-SLCO = 58.231 Å 3 ) and the relative volume change within the 2% range (Fig.5d), in agreement with this Poisson ratio value. Film density is around This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.PLEASE CITE THIS ARTICLE AS DOI: 10.1063/1.5101049

  25La0.75)CrO3 (SLCO) solid solutions as well as LaCrO3 (LCO) were grown by MBE on four different (001)-oriented cubic/pseudocubic perovskite-oxide substrates: LAO, LSAT, STO and DSO, resulting in different compressive and tensile strains (from -2.06% to +1.75%). All the films crystallize in the perovskite structure, are fully (001)-oriented, flat and epitaxially strained. The out-of-plane lattice parameters of SLCO films widely vary from 3.943 Å to 3.804 Å. Both the Poisson ratio and the bulk lattice constant of SLCO have been extracted from these measurements (ν = 0.32 and ab = 3.876 Å), which significantly differ from that of LCO. The (SrxLa1-x)CrO3 solid solution appears to obey structural Vegard's law and the relatively large Poisson ratio of SLCO would enable flexible tuning of its physical properties by elastic epitaxial strain. Besides, the method used here can be straightforwardly applied to other complex oxides.SUPPLEMENTARY MATERIALSee supplementary material for detailed description and analysis of the MBE flux, XRD, RBS, XPS, XRR results, AFM topography of SLCO films, as well as RHEED patterns, extraction of Poisson ratio and bulk lattice constant, and summary of structural properties of LCO films. Financial support from the European Commission through the project TIPS (grant reference H2020-ICT-02-2014-1-644453) and the French research national agency (ANR) through the project MITO (grant reference No. ANR-17-CE05-0018) is acknowledged. The China Scholarship Council (CSC) is acknowledged for the grant of D. Han. The authors are also grateful to A. Danescu and P. Bonté for discussions on Poisson ratio, P. Regreny and J. B.
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 12345 FIG. 1:Bulk lattice constants of the films and substrates involved in the study.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  , Table1), the (002) peaks of SLCO films on LAO and DSO are wider than those of SLCO films on LSAT and STO with lower lattice mismatch, indicating a wider distribution of out-of-plane lattice parameter. Most probably, a beginning of strain relaxation occurs at this thickness with such large lattice mismatch. For the SLCO film on DSO, two secondary maxima seem to be visible, indicating the presence of two main out-of-plane parameters (3.795 Å and 3.815 Å), but both being much lower than the expected/measured bulk value (3.876 Å, see below). A single fit

Table 1 :

 1 Summary of the structural and chemical properties of the SLCO thin films.
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