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Investigation of LaVO3 Based Compounds as a Photovoltaic Absorber
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Bulk LaVO3 (LVO) is known to provide an optical bandgap of 1.1 eV which is interesting for photovoltaic applications. Here, we compare the properties of LVO thin films using different techniques, namely pulsed laser deposition, spin coating by solgel and sputtering. ZnO/LVO p-n junctions were fabricated in order to obtain solar cell architectures. The grown films were analyzed with Surface photovoltage and Scanning Kelvin Probe Microscopy. The analysis of the junctions showed that the photogenerated electron-hole pairs are poorly separated and therefore not efficiently collected. LVO has shown the particularity to provide very high work function (4.6 eV) and a great dependence of the electrical and optical properties on the growth conditions, including the oxygen stoichiometry and the La/V ratio of the films.

Introduction

Inorganic thin film photovoltaics (PV) are mainly based on CdTe, amorphous Si or CIGS. In the most recent times, hybrid organo-metal halide perovskites have emerged with reported solar cell conversion efficiencies above 21 %. However, these materials can present stability, reliability and toxicity issues but research has considerably progressed recently on these challenges. Alternative inorganic oxides could offer significant advantages regarding these issues while aiming at high conversion efficiencies. The ideal bandgap for a single bandgap active photovoltaic layer is around 1.3 eV for the solar spectrum on Earth. However oxides with such a low bandgap are scarce. To date, one of the most studied oxide as an active PV layer is cuprous oxide, Cu2O. Its bandgap is around 2.1 eV which is not ideal for the solar spectrum. The conversion efficiencies are generally found to be around 4 % [START_REF] Ievskaya | Fabrication of ZnO/Cu2O heterojunctions in atmospheric conditions: Improved interface quality and solar cell performance Sol[END_REF]. Table 1 shows the most common oxide absorbers used to date in functional solar cells (SC). An emerging type of oxide SC is called ferroelectric photovoltaics (FE-PV), with recently improved conversion efficiencies of 3.98 % for BiFeO3 [START_REF] Tiwari | Solution Processed Bismuth Ferrite Thin Films for All-Oxide Solar Photovoltaics[END_REF] and 8.1 % with Bi2FeCrO6 [START_REF] Nechache | Bandgap tuning of multiferroic oxide solar cells[END_REF].

Oxide based SC, either based on p-n junctions or ferroelectricity, require the development of low bandgap oxides. One category of such oxides can be found among Mott insulators (MI).

MI are materials that behave as insulators while they are predicted to be conductors under conventional band theories. However, MI can easily become conductive due for example to strain, defects, and oxygen stoichiometry. This phenomenon is called the Mott transition.

Examples of MI are NiO, LaVO3, YTiO3, YVO3, La2CuO4, Sm2CuO4, LaMnO3 and SrMnO3 [START_REF] Nakamura | Interface band profiles of Mott-insulator/Nb : SrTiO3 heterojunctions as investigated by optical spectroscopy[END_REF][START_REF] Arima | Torrance Variation of optical gaps in perovskite-type 3D transition-metal oxides[END_REF].

In this work, we focus on the growth of LaVO3 (LVO) thin films by different techniques and we investigate their optical and electrical properties for possible photovoltaic applications.

The state of the art of MI based SC with an emphasis on LVO will be first presented. Then, we will show different fabrication routines for LVO thin film fabrication, giving rise to highly tunable properties such as conductivity and optical bandgap. Finally, we will describe the integration of LVO into SC and the limiting factors hindering the achievement of high efficiencies. 

Oxide absorber

State of the art

Not all MI exhibit suitable bandgaps and properties for photovoltaics. The evolution of the optical gap has been studied in [START_REF] Arima | Torrance Variation of optical gaps in perovskite-type 3D transition-metal oxides[END_REF] There have been attempts to obtain MI based SC experimentally. For example, MI based heterojunctions (including La2CuO4, Sm2CuO4, LaMnO3 and SrMnO3) were studied by [START_REF] Nakamura | Interface band profiles of Mott-insulator/Nb : SrTiO3 heterojunctions as investigated by optical spectroscopy[END_REF]. Very low photocurrents were obtained due to short minority-carrier diffusion lengths as compared to traditional semiconductors. The reason proposed for this is the strong electron correlation that enhances the effective carrier mass and lowers the electron mobility [START_REF] Nakamura | Interface band profiles of Mott-insulator/Nb : SrTiO3 heterojunctions as investigated by optical spectroscopy[END_REF][START_REF] Nakamura | Tokura Optical probe of electrostatic-doping in an n-type Mott insulator[END_REF][START_REF] Choi | Sands Capacitance-voltage characteristics of SrTiO3/LaVO3 epitaxial heterostructures[END_REF].

LVO is a p-type semiconductor in the bulk [START_REF] Webb | High-temperature transport in lanthanum strontium vanadate[END_REF][START_REF] Madelung | LaVO3 crystal structure, physical properties Landolt-Börnstein -Group III Condensed Matter 41E (Ternary Compounds, Organic Semiconductors[END_REF].

Previous studies showed that LVO is orthorhombic at room temperature, with lattice parameters of a=0.5555 nm, b=0.5553 nm, and c=0.7848 nm [START_REF] Bordet | Batlogg Structural aspects of the crystallographic magnetic transition in LaVO3 around 140[END_REF]. LVO films were grown by pulsed laser deposition (PLD) on different single crystal substrates [START_REF] Masuno | Epitaxial growth of perovskite-type LaVO3 thin films on various substrates by the PLD method Solid State Ion[END_REF] and the oxygen partial pressure during growth was varied (Hotta et al., 2006a).

It was shown in Hotta et al., 2007b and[START_REF] He | Metal-insulator transitions in epitaxial LaVO3 and LaTiO3 films[END_REF] that electronic reconstructions can occur at the LaVO3/SrTiO3 interface leading to conductive interfaces, similarly to the wellknown LaAlO3/SrTiO3 case [START_REF] Fix | Charge Confinement and Doping at LaAlO3/SrTiO3 Interfaces[END_REF]. However, the diffusion of oxygen vacancies in the SrTiO3 substrate plays a role in the metallicity of the interface [START_REF] Rotella | Two components for one resistivity in LaVO3/SrTiO3 heterostructure[END_REF].

Following this idea of electronic reconstructions at the LaVO3/SrTiO3 interface, SrTiO3 (001) // (LaVO3 / LaFeO3)n heterostructures were proposed theoretically as SC, in which an internal potential gradient favours the separation of photogenerated electron-hole pairs [START_REF] Assmann | Oxide Heterostructures for Efficient Solar Cells[END_REF]. In addition, experimental work on the fabrication of PLD grown LVO based solar cells is presented in [START_REF] Wang | Device Performance of the Mott Insulator LaVO3 as a Photovoltaic Material[END_REF]. Among the various LVO SC structures fabricated, only DSSC-type SC provided PV properties, however with low conversion efficiency (0.12 %). This was attributed to trap-assisted recombinations and low minority carrier diffusion length [START_REF] Wang | Device Performance of the Mott Insulator LaVO3 as a Photovoltaic Material[END_REF], which is consistent with the interpretation of Nakamura et al. for similar MI materials [START_REF] Nakamura | Interface band profiles of Mott-insulator/Nb : SrTiO3 heterojunctions as investigated by optical spectroscopy[END_REF][START_REF] Nakamura | Tokura Optical probe of electrostatic-doping in an n-type Mott insulator[END_REF].

To overcome these limitations, one possibility is to tune the carrier concentration of such materials. There are several possibilities to do this such as varying the La/V ratios and oxygen stoichiometry, and introducing additional substituents for La or V. Indeed, it was shown that V is present in 3+ and 4+ valence [START_REF] Gharetape | Effect of vanadium deficiency on properties of polycrystalline LaVO3[END_REF].

In the following, we will present our experimental procedure for growing LVO thin films as well as their structural, optical and electrical properties.

Experimental

Three LVO thin film fabrication techniques were used, namely pulsed laser deposition (PLD), spin coating by solgel and magnetron sputtering.

PLD was performed using a KrF laser with 10 Hz repetition rate and a fluence of around 2 J/cm² on the target. The target used was made of LaVO4 prepared by solid state synthesis starting from La2O3 and V2O5 powders, milled, pressed and sintered at 700 °C for 10 h in air.

The substrates used were SrTiO3 (001) and 1 at. % Nb: SrTiO3 (001) at a deposition temperature of 600 °C. The films were deposited and cooled down in either vacuum or in a 2.5•10 -5 mbar O2 atmosphere.

Solution processed films were obtained as follows. First the required quantities of lanthanum (III) nitrate hexahydrate, vanadium (III) acetylacetonate, and barium nitrate (for Ba doping) were added into deionized water. Citric acid was dissolved in the solution together with ethylene glycol. A strong dark colored solution was obtained, excess of water was evaporated and a viscous liquid without precipitate appeared. This liquid was then spin coated on quartz substrates. The samples were heated at 400 °C with 1 h dwell in air, leading to the formation of a LaVO4 film. Finally, post annealing was performed under H2 at 900 °C with 1 h dwell to form the required LaVO3 phase.

RF (Radio-Frequency) magnetron reactive sputtering of LaVO3 was performed with an Orion 3 device from AJA International. Co-sputtered targets of La and V (Neyco) were used, with a power of 50 W and 100-130 W respectively. The substrates used were n-type (P) Fz Si (100) (0.8-2.5 Ω•cm) and quartz substrates, heated at 400 °C. The Si substrates were cleaned before deposition using the "piranha" procedure and final HF dipping to remove the oxide at the surface. The Ar/O2 gas flows were set to 8/2 sccm, with a deposition pressure of 3.4 mTorr. The substrate to target distance was kept constant at about 120 mm. Film thicknesses were in the 100-500 nm range. Post-deposition annealing was performed under H2 at 900 °C with 1 h dwell to form the required LaVO3 phase. For the formation of p-n junctions, ZnO was deposited as described in [START_REF] Soumahoro | Structural, optical, and electrical properties of Yb-doped ZnO thin films prepared by spray pyrolysis method[END_REF] For PLD samples, x-ray diffraction (XRD) was performed in θ-2θ configuration with a Rigaku SmartLab x-ray diffractometer with a CuKα1 beam of λ=0.154056 nm. The same equipment was used for x-ray reflectometry (XRR) to determine the film thickness. For the sol-gel and sputtered samples, a Bruker D8 diffractometer with CuKα1 beam was used.

The distribution and concentration of the chemical elements (La, V, and O) along the growth direction was obtained by Rutherford backscattering spectroscopy (RBS).

The optical properties were measured with a UV-Vis-IR Perkin-Elmer Lambda 19 spectrophotometer, and an HORIBA Uvisel Lt M200 FGMS (210-880 nm) spectroscopic ellipsometer. The ellipsometric dispersion model used for LaVO3 is based on the Tauc-Lorentz formula [START_REF] Jellison | Modine Parameterization of the optical functions of amorphous materials in the interband region[END_REF]. Hall effect was measured at room temperature to investigate the electrical properties of the thin films, using an Ecopia Hall effect system. I-V characteristics were performed at room temperature using an Oriel Solar Simulator in AM1.5G conditions and a Keithley 2450 SourceMeter.

Surface photovoltage (SPV) spectroscopy was performed using a short arc Xe lamp as a white light source, a SPEX 500M spectrometer, a chopper (300CD model by Scitec

Instruments) as a reference frequency for the lock-in amplifier, used to evaluate the low SPV signal. A metal-insulator-semiconductor structure was used to extract the surface photovoltage signal. The set-up was realised by using an ITO (Indium Tin Oxide) coated glass slide as the transparent electrode and placing it in front of the sample to achieve the plate capacitor configuration, where the insulating spacer is simply air. Further details on the system can be found in [START_REF] Cavalcoli | Chapter Seven-Surface and Defect States in Semiconductors Investigated by Surface Photovoltage Semiconductors and Semimetals[END_REF] Atomic Force Microscopy (AFM) and Scanning Kelvin Probe Microscopy (SKPM) measurements were performed with a Park NX10 atomic force microscope at room temperature and ambient atmosphere. Au coated tips with a nominal curvature radius below 50 nm were employed for morphological and electrical maps, respectively.

Force Range technique has been used for SKPM electrical characterization. It relies on the fact that the two forces between the tip and the sample, i.e. Van der Waals and electrostatic forces, have different dominant regimes. Van der Waals forces are proportional to r -6 , while electrostatic forces are proportional to r -2 , where r is the tip-sample distance. Thus, Van der Waals forces are dominant when the tip is close to the sample, while they rapidly decrease as the tip moves away, when electrostatic forces become dominant. In this technique, the first scan is performed near the sample, in the region where Van der Waals forces are dominant. Then, the tip-sample distance is increased to place the tip where electrostatic forces are dominant and the Electrical Force Microscopy (EFM) image is acquired (ParkAFM, 2017). Applying an AC potential to the conductive tip, the surface potential of the sample can be extracted from SKPM measurements.

Pulsed laser deposition films

The LVO films were grown by PLD using SrTiO3 (001) substrates (STO). Two deposition conditions were used, either growth in vacuum or growth in 2.5•10 -5 mbar O2 with cooling down in the same conditions. Both methods led to phase pure LVO as observed by XRD (Figure 1). The LVO reflections of the vacuum grown samples are shifted towards low angles, which indicates an expansion of the LVO lattice in the out-of-plane direction due to the deficiency in oxygen. We found pseudo-cubic out-of-plane lattice parameters of 0.3955 nm and 0.4012 nm in oxygen and vacuum respectively, close to the values observed in [START_REF] Masuno | Epitaxial growth of perovskite-type LaVO3 thin films on various substrates by the PLD method Solid State Ion[END_REF]. The overall properties of the films grown by PLD are presented in Table 2. The sample grown in vacuum provides a nearly ideal composition, while the sample grown in oxygen is deficient in La. The optical bandgap was determined by spectroscopic ellipsometry and ranges from 1.0 eV for the vacuum sample to 1.9 eV for the sample made under oxygen atmosphere (Figure 2). The value of 1.0 eV is matching the reported value of the bulk [START_REF] Madelung | LaVO3 crystal structure, physical properties Landolt-Börnstein -Group III Condensed Matter 41E (Ternary Compounds, Organic Semiconductors[END_REF]. Both type of samples were n-type with a carrier concentration in the 10 19 -10 20 cm -3 range. It can be noted that the sample grown in vacuum has an absorption coefficient one order of magnitude higher than c-Si in the 1.1-2.5 eV range. 

Solution processed films

The second method investigated to grow LVO is spin-coating of a sol-gel solution on quartz substrates. This technique could enable low cost deposition without the use of vacuum chambers. The experimental protocol is described in the experimental section. As shown in Figure 3, LVO was obtained without any parasitic phases visible in XRD and with a XRD pattern that follows very well the bulk LVO reference. The level of crystallization was found to be much higher than with the sputtering technique. The substitution of La for Ba did not lead to a reduction of carrier density, therefore we opted for a variation of the La/V ratio, which was realised using magnetron sputtering.

Physical vapor deposition films

The initial goal of this experiment was to obtain LVO films in a single reactive co-sputtering step. The sputtering power for the V target was varied while preserving the same sputtering power for the La target. The visual aspect of the films on quartz after deposition was transparent, indicating that LaVO4 was obtained and not LaVO3. Post-deposition annealing in H2 led to dark-colored films, indicating that LaVO4 was transformed into LaVO3, as confirmed by XRD (Figure 4). Table 4 describes the different properties obtained for these samples in terms of deposition rate, composition, optical bandgap, carrier density, mobility and resistivity. The films provided low deposition rates, which is typical of oxides. The composition measured by RBS indicates that the La/V ratio can be tuned with the V target power. The oxygen content is either under stoichiometric or over stoichiometric depending on the V target power compared to the ideal ABO3 perovskite structure.

Concerning the electrical properties, samples were showing both p-type and n-type behavior when measured with the Van der Paw Hall effect technique. This can be attributed to the fact that the thin film is not homogeneous and the flow of electrons takes a different path for each measurement. The values indicated for the carrier concentration and mobility correspond to an average of several sets of measurements. At room temperature, the carrier concentration, mobility and resistivity can be varied in the 10 15 -10 20 cm -3 , 0.2 -7.1 cm 2 V -1 s -1 , and 0.2 to 1.9•10 3 Ω•cm range respectively. When the La/V concentration ratio is too high or too low compared to the ideal fully stoichiometric LVO, the carrier density is low compared to the bulk LVO value (3•10 19 cm -3 , [START_REF] Madelung | LaVO3 crystal structure, physical properties Landolt-Börnstein -Group III Condensed Matter 41E (Ternary Compounds, Organic Semiconductors[END_REF], and the mobility and resistivity are high. The fully stoichiometric LVO was found complicated to obtain using this technique because of the oxidation of the La target that was kept in a sealed atmosphere between each set of runs.

As for the optical properties, the optical bandgap was estimated using UV-visible spectrophotometry. The results correspond to an indirect transition crystal [START_REF] Kittel | Kittel Introduction to Solid State Physics[END_REF] with a direct bandgap in the 3.7-4.1 eV range and an indirect bandgap in the 1.5-2 eV range ( 

Solar cells fabrication and analysis

Prior to fabrication of solar cells on the grown LVO films, we performed simulations in order to investigate their potential given their properties. The AFORS-Het simulation software was used to determine the potential of p-LVO / n-ZnO solar cells. The first concern was to determine how thick the LVO absorber should be in order to obtain a photocurrent. Figure 5 shows the evolution of the open-circuit voltage (VOC), short-current density (ISC) and conversion efficiency (η) while varying the LVO thickness. The following parameters were introduced in the software: a carrier density of 10 19 cm-3, an electron affinity of 4.66 eV, a mobility of 2 cm 2 V -1 s -1 and for ZnO a thickness of 3 µm, a carrier density of 10 18 cm -3 and an electron affinity of 4.4 eV.

It can be seen that the VOC does not vary much with the LVO thickness while the corresponding ISC and η increase. This is not surprising because as the LVO thickness increases, more photons can be absorbed, especially in the higher wavelength range. It can be seen that according to these simulations a conversion efficiency of about 5 % should be reached for 300 nm of LVO. with a p-LVO / n-ZnO junction using for LVO a carrier density of 10 19 cm-3, an electron affinity of 4.66 eV, a mobility of 2 cm 2 V -1 s -1 and for ZnO a thickness of 3 µm, a carrier density of 10 18 cm -3 and an electron affinity of 4.4 eV.

Solar cell structures were then fabricated. The first attempts were to grow LVO on c-Si (ntype) substrates, and LVO / ZnO on quartz substrates. Figure 6 shows the measured I-V characteristics obtained under AM1.5G illumination. The structure on silicon behaves as a very poor solar cell with a very low ISC. In this case, it is unknown if the photocurrent originates from photons absorbed in LVO or in Silicon. In the second case with the LVO/ZnO junction, no photocurrent is observed. In order to understand why the solar cell structures are failing and further investigate the potential of the LVO films grown for PV, SPV and SKPM were carried on the samples with 100 W and 130 W V target power. To do so, a n-type ZnO layer was deposited at low temperature on the LVO films. No SPV signal originating from LVO could be detected. Figure 7 shows the topography of a sputtered LVO sample (130 W) grown on a quartz substrate.

Ring-like structures of 5-10 nm depth can be observed, that are probably due to molecular impact during sputtering. The 130 W power for V is too high to prevent the formation of these rings. The RMS roughness is 5±1 nm. When the thickness of the films increases, the rings tend to be shallower and less present. Grain boundaries can be observed which can be due to strain at the interface with the quartz substrates. The same region was measured by EFM (Figure 7). It shows that the EFM signal is highly correlated to the morphology of the sample. In contrast, the SKPM map (Figure 7) shows little correlation between the morphology and the SKPM signal, within the sensitivity of the technique, which indicates that the settings used for SKPM are reliable. Thus, SKPM was used to determine the contact potential difference (CPD), that is the difference between the Au tip and the sample workfunctions. To extract the barrier height between ZnO and LVO, a layer of ZnO was sputtered on the LVO film through a mask, so that LVO was only partially covered by ZnO and both workfunctions could be extracted. A barrier height value at the In order to verify this hypothesis, simulations of the energy levels in the ZnO/LVO junction were performed, using this time electron affinity for LVO of 4.8 eV and higher. Figure 8a clearly shows the barrier height in the conduction band between LVO and ZnO. This barrier prevents the establishment of a photocurrent. Because the experimental WF of LVO is so high (4.6 eV), the way to achieve a working LVO all-oxide solar cell would be to find an oxide with a much higher WF. In practice, such oxides are scarce. Molybdenum oxides (MoOx) that are sometimes used in organic solar cells could play this role [START_REF] Talik | Songsiririthigul Highly efficient processable molybdenum trioxide as a hole blocking interlayer for superyellow organic light emitting diode[END_REF], however our attempts to obtain MoOx/LVO solar cells failed, probably because this material is not very stable and is generally used as a very thin layer.

Another concern is the influence of the carrier density of LVO. A too high carrier density of the absorber in a solar cell will lead to Auger recombination, which will be detrimental for the performance of the solar cell. Figure 9 shows the evolution of the open-circuit voltage, short-current density and conversion efficiency while varying the LVO carrier density. It can be seen that when the carrier density is increased from 10 16 to 10 21 cm -3 , the short-circuit current and conversion efficiency drop to very low values already at 10 18 cm -3 . To take this effect into account experimentally, we fabricated LVO/ZnO structures with 50 W sputtering power for V so that the LVO carrier density would be in the 10 15 cm -3 range. No short-circuit current was obtained, probably due to a wrong band alignment as mentioned earlier. with a p-LVO / n-ZnO junction while varying the carrier density of LVO, using for LVO an electron affinity of 4.66 eV, a mobility of 2 cm 2 V -1 s -1 and for ZnO a thickness of 3 µm, a carrier density of 10 18 cm -3 and an electron affinity of 4.4 eV.

To overcome the limitation of the poor carrier transport properties of these grown LVO films, a solution could be the incorporation of an additional electron-transport material and hole-transport material into a structure similar to the design of dye-sensitized solar cells, as proposed by [START_REF] Wang | Device Performance of the Mott Insulator LaVO3 as a Photovoltaic Material[END_REF] In such a structure, a huge number of internal interfaces between the individual solar absorber and nanostructured charge transport media would enable the separation and collection of photogenerated electron-hole pairs.

Conclusion

In this work, we have demonstrated the possibility to grow LVO films using the PLD technique in addition to two more methods, namely spin coating from a sol-gel solution and magnetron sputtering. The advantages of the last novel methods are the upscaling to large surfaces in addition to a possible tuning of the conduction properties of LVO. Another interesting feature is that LVO has been demonstrated to be a semiconductor with a high work function (4.6 eV) which is not often observed.

In terms of applications to photovoltaics, thanks to extensive analyses, including SPV measurements which are sensitive to transport properties besides the optical ones, we have clearly shown that LVO material is a poor charge-transport medium and therefore, is not suitable as base material for solar cells. It is suggested to improve the charge transport properties by adding materials (electron and/or hole rich) or structuring the cell (interfaces)

to allow a more efficient charges separation. Recent experiments on LVO grown by hybrid molecular beam epitaxy have shown that stoichiometry is key for obtaining large photoconductivity (Zhang et al., 2017). Furthermore, following the recent developments of NiO solar cells by [START_REF] Nakai | Chichibu Ultraviolet light-absorbing and emitting diodes consisting of a p-type transparentsemiconducting NiO film deposited on an n-type GaN homoepitaxial layer[END_REF], that enables transparent to visible light solar cells for window applications, LVO seems an interesting material to be incorporated in these structures because of the band alignment with NiO and large work function of LVO. As well, compounds related to LVO are being investigated for solar cells, such as LaRhO3 [START_REF] Nakamura | Perovskite LaRhO3 as a p-type active layer in oxide photovoltaics[END_REF].

These considerations could pave the way for future developments on the study and optimization of LVO perovskite as a material for photovoltaic applications.
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 1 Figure 1: Room temperature θ-2θ XRD spectra showing STO (001)//LVO samples obtained by PLD either in vacuum or in a low oxygen atmosphere.

  for a n-type LVO on n-type Nb-STO, no photocurrent could be observed.
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 3 Figure 3: Room temperature XRD spectra showing solution processed LVO-based samples.

Figure 4 :

 4 Figure 4: Room temperature θ-2θ XRD spectra showing quartz//LVO obtained by sputtering under 2 sccm O2 while varying V target power, after post-deposition annealing in H2. The corresponding database reference is plotted, showing that LaVO3 was obtained for all V power conditions.
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 5 Figure 5: Evolution of the open circuit voltage, short-current density and efficiency simulated

Figure 6 :

 6 Figure 6: I-V characteristics of solar cell architectures under AM1.5G using LVO grown by physical vapor deposition (115 W for V).

Figure 7 :

 7 Figure 7: Room temperature AFM topography (left) EFM signal (middle) and SKPM map (right) for a sputtered LVO sample grown) grown on quartz substrate (130 W power on V target). The film thickness is around 50 nm.

LaVO3/

  ZnO interface equal to 0.125 V was observed. Current-voltage characteristic show a built-in potential around 0.1 V, in very good agreement with the barrier height evaluated by SKPM. In addition, SKPM has also allowed to determine the surface potential, and thus individual work functions (WF) of ZnO and LaVO3. From these measurements, a WF of around 4.6 eV and 4.5 eV were obtained for sputtered LVO (130 W) and ZnO respectively. It is noteworthy that the measured value of the work function of LaVO3 has never been reported in literature up to now. Surface photovoltage spectroscopy on LaVO3 gave a signal below the detection limit of the apparatus. In fact, the evaluated barrier height value indicates that photogenerated electron-hole pairs are inefficiently separated and thus collected. This can explain the behaviour in the I-V characteristic, where dark and light current-voltage characteristics almost overlap. SPV signal could not be measured if the free carriers are not efficiently separated and collected.

Figure 8 :

 8 Figure 8: (a) Calculated band diagram for a ZnO/p-LVO based solar cell with a carrier density of 10 18 cm -3 and an electron affinity ≥ 4.8 eV for LVO. (b) Calculated evolution of the opencircuit voltage, short-circuit current, and conversion efficiency of a ZnO/p-LVO based solar cell vs. LVO electron affinity with a carrier density of 10 18 cm -3 for LVO.

Figure

  Figure 8b shows the evolution of the open-circuit voltage, current density and conversion efficiency while varying the electron affinity of LVO. It shows as well that when the electron affinity of LVO is too high (≥ 4.6 eV) the current density and efficiency drop to almost zero.

Figure 9 :

 9 Figure 9: Evolution of the open circuit voltage, short-current density and efficiency simulated

Table 1 :

 1 examples of oxide absorber based SC, with their bandgap and solar cell efficiency.

		Bandgap	Efficiency	Reference
		(eV)	(%)	
	BiMnO3	1.2	0.1	Chakrabartty et al., 2013
	CuO	1.2	0.08	Dimopoulos et al., 2013
	Bi2FeCrO6	1.4-2.1	8.1	Nechache et al., 2015
	Co3O4	1.5	0.02	Kupfer et al., 2015
	h-LuMnO3 / h-YMnO3	1.5-1.55	0.11	Han et al., 2015
	Cu2O	2.1	8.1	Minami et al., 2016
	BiFeO3	2.2	3.98	Tiwari et al., 2015
	(Pb0.97La0.03)(Zr0.52Ti0.48)O3 3.3	0.28	Qin et al., 2008
	Pb(Zr0.53,Ti0.47)O3	3.4	0.22	Chen et al., 2012
	NiO	3.7	0.02	Warasawa et al., 2013 *

*: intentionally transparent to visible light SC.

Table 2 :

 2 Properties of the films grown by PLD on SrTiO3 (001).

Table 3

 3 describes the optical and electrical properties of the sol-gel LVO sample. The optical bandgap is 1.2 eV and the carrier density is in the 10 21 cm -3 range (n-type). Such a value is quite high to be used in a single gap solar cell absorber because of high Auger recombinations. Therefore, we fabricated LVO samples were La is partially substituted by Ba, in order to reduce the carrier density. Ba was chosen because it has similar characteristics to La being just one atomic number below La in the periodic table. The Ba concentration in La1-From Table3, we can interpret the evolution of the electrical properties in the following way: for x=0, the film is n-type, for x=0.05 it is still n-type, and for x=0.1 and x=0.2 the materials behave as a compensated semiconductor where both n-type and p-type carriers are present.

		LaVO3	La0.95Ba0.05VO3 La0.9Ba0.1VO3 La0.8Ba0.2VO3
	Bandgap (eV)	1.2	1.4	1.4	1.4
	Carrier density	n 1.2•10 21	n 2.7•10 21	n 2.8•10 21	n 9.0•10 20
	(cm -3 )			p 3.0•10 20	p 2.4•10 21
	Mobility	0.3	0.1	n 0.8	n 0.3
	(cm 2 V -1 s -1 )			p 0.5	p 0.1
	Resistivity	2.5•10 -2	2.2•10 -2	3.9•10 -2	2.8•10 -2
	(Ω•cm)				

xBxVO3 was varied from x=0.05 to x=0.2. The LVO crystallographic structure was preserved as shown in Figure

3

. All these samples provided an optical bandgap of 1.4 eV and the carrier concentration was not greatly reduced compared to the pure LVO samples.

Table 3 :

 3 Electrical properties of the films grown by spin-coating on quartz.

Table 4 :

 4 Table 4). room temperature key properties of the LVO based films grown by sputtering on quartz. The values represent an average from several measurements.

	After H2 reduction		Sputtering power for V (W)
		100	115	130
	Deposition rate (nm/min)	0.58	0.61	0.72
	Composition	La1V0.65O2.5	La1V1.3O3.7	La1V1.4O3.6
	Optical bandgap (eV)	3.7 eV direct	3.9 eV direct	4.1 eV direct
		2.0 eV indirect	1.5 eV indirect	1.5 indirect
	Carrier concentration (cm -3 )	p 2.4•10 15	p 6.4•10 20	p 1.6•10 18
		n 4.9•10 14	n 9.0•10 19	n 2.0•10 18
	Mobility (cm 2 V -1 s -1 )	p 2.3	p 0.2	p 3.2
		n 7.1	n 0.3	n 1.2
	Resistivity (Ω•cm)	1.9•10 3	0.2	2.4
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