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CIGS (Cu(In,Ga)Se2) layers are among the more efficient photovoltaic absorbers for thin film solar cells and remain competitive in the worldwide landscape of solar cells devices and modules with also new emerging markets (flexible or metallic substrates, tandem, low or high band gap CIGS…). Their properties are governed by different key composition parameters, and among them the GGI ratio

)) which controls the gap value. Indeed, the GGI determination is an important metrological challenge at the surface of the CIGS layer, particularly before the buffer deposition.

Using X-Ray Photoelectron Spectroscopy (XPS), we propose here a specific methodology to determine this ratio at the surface. In order to, a surface preparation of the CIGS by chemical treatments, combining an initial flattening by HBr:Br2:H2O etching with a finishing step performed in KCN:H2O, is implemented. This chemical engineering leads to a quasi "perfect" surface, flattened and cleared from surface oxide and selenide phase on which our XPS methodology for GGI determination is tested. The photopeaks choice to obtain the most coherent GGI ratio quantification is discussed. In particular we focus on the Ga3d-In4d region, situated in narrow binding energy domain, and discuss why this photopeak combination can be considered as the most adapted for a representative GGI determination. Quantitative fitting procedure of the Ga3d-In4d region is qualified on a reference epitaxial InxGa1-xAs layer and its implementation in the CIGS case is shown.

Introduction

X-ray Photoelectron Spectroscopy (XPS) on CIGS (Cu(In,Ga)Se2) is an efficient method to provide surface chemical and quantitative information. The probed thickness is less than 10 nm when X-Ray excitation is provided by the Al-K line. It is inside this thin external layer region that most of the crucial chemical engineering processes are conducted for all the CIGS based devices. So, determination of the CIGS surface chemistry is still a challenge which needs specific and reliable approaches as it will enable to efficiently orientate the surface chemistry and, so, to optimize properties at the CIGS front and back interfaces. This paper aims to contribute providing XPS characterizations of CIGS absorbers, starting from reference CIGS surface to certify the quantitative composition approach, to further extended on real practical cases. The CIGS surfaces have their proper chemical specificities, emphasized by the complexity of the surface parameters as polycrystallinity, roughness, local surface steps, side chemical perturbations, differential grain boundaries reactivity and grains crystallographic orientations. Considering all these combined complex factors in addition to the quaternary character of the alloy, it is obvious that chemical composition determination must still be considered as a challenge to be taken up.

Our paper deals with this issue and is focused on a methodological approach enabling to determine as precisely as possible the GGI ratio: ([Ga]/[Ga]+[In])) of CIGS absorber, main parameter, which governs the gap value [START_REF] Loubat | Chemical engineering of Cu(In,Ga)Se2 surfaces: An absolute deoxidation studied by X-ray Photoelectron Spectroscopy (XPS) and Auger Electron Spectroscopy (X-AES) signatures[END_REF][START_REF] Orgassa | Optical constants of Cu (ln, Ga) Se2 thin films from normal incidence transmittance and reflectance[END_REF][START_REF] Minoura | Dielectric function of Cu(In,Ga)Se2-based polycrystalline materials[END_REF][START_REF] Minoura | Optical constants of Cu(In, Ga)Se2 for arbitrary Cu and Ga compositions[END_REF][START_REF] Levcenko | Optical constants of Cu(In1-xGax)5Se8 crystals[END_REF][START_REF] Levcenko | Optical constants of CuIn1-xGaxSe2 films deposited by flash evaporation[END_REF][START_REF] Alonso | Optical functions of chalcopyrite CuGaxIn1-xSe2 alloys[END_REF][START_REF] Paulson | Optical characterization of CuIn1-xGaxSe2 alloy thin films by spectroscopic ellipsometry[END_REF][START_REF] Richter | Optical characterization and modeling of Cu(In,Ga)(Se,S)2 solar cells with spectroscopic ellipsometry and coherent numerical simulation[END_REF]. Determining the exact GGI value is a central and difficult challenge for the cell conception. In particular, the surface absorber composition conditions the absorber/buffer layer interface energy diagram, then further cell efficiency issues. Considering the high surface sensitivity of XPS, this technique is a perfect nondestructive tool for the GGI determination of the outer part of the CIGS layer. To conduct a rigorous discussion, our metrological approach was first performed on reference CIGS surfaces presenting controlled surface chemistries. Reference surfaces can be obtained immediately after the layer growth, when it is possible, but also on a refreshed surface thanks to specific chemical treatments. In any case, for the present purpose, reference surfaces need to be oxides free, as well as free from binary selenide phases and all other side components, as sodium, commonly present on aged surfaces. Concerning CIGS, a "perfect-chemical" surface can be obtained by a combination of acidic [START_REF] Loubat | Chemical engineering of Cu(In,Ga)Se2 surfaces: An absolute deoxidation studied by X-ray Photoelectron Spectroscopy (XPS) and Auger Electron Spectroscopy (X-AES) signatures[END_REF], basic [START_REF] Canava | XPS and electrical studies of buried interfaces in Cu(In, Ga)Se2 solar cells[END_REF] and KCN aqueous treatments [START_REF] Canava | XPS and electrical studies of buried interfaces in Cu(In, Ga)Se2 solar cells[END_REF][START_REF] Ramanathan | Surface treatment of CuInGaSe2 thin films and its effect on the photovoltaic properties of solar cells[END_REF][START_REF] Lehmann | Reliable wet-chemical cleaning of natively oxidized high-efficiency Cu(In,Ga)Se2 thinfilm solar cell absorbers[END_REF][START_REF] Canava | High resolution XPS studies of Se chemistry of a Cu(In,Ga)Se2 surface[END_REF][START_REF] Roussel | Interfacial chemistry control in thin film solar cells based on electrodeposited CuIn(S,Se)2[END_REF]. Possible combination [START_REF] Loubat | Chemical engineering of Cu(In,Ga)Se2 surfaces: An absolute deoxidation studied by X-ray Photoelectron Spectroscopy (XPS) and Auger Electron Spectroscopy (X-AES) signatures[END_REF] takes advantage of each treatment specificity to sequentially eliminate the surface oxides, the side binary selenide compounds and the elementary selenium. Nevertheless, the initial important roughness of CIGS surface is maintained. For a rigorous quantitative XPS approach, disposing of flattened surfaces up to few nanometers RMS (Root Mean Square) is also benefic to avoid relief artifacts (electrons backscattering…) and guarantee the homogeneity of the depth probed and the spatial origin of the photoelectrons.

In the present paper, a flattening step is then considered to help, at first, the fundamental quantitative approach by XPS analysis. It is obtained through a short time dipping in dilute aqueous acidic Br2 solution [START_REF] Bouttemy | Thinning of CIGS solar cells: Part I: Chemical processing in acidic bromine solutions[END_REF]. This etching step is completed by a final chemical cleaning to reach the targeted CIGS "reference" surface, oxide or selenide side phases free at the XPS detection limit. The access to the actual GGI value and not to an estimation is not so evident because, if compositional XPS data are easy to obtain, their transformation in actual composition of alloys is more complex due to the quantification procedure involving inherently a necessary correction of the photopeak area (transmission, sensitivity factors values, escape depth model…) and other uncontrolled side perturbations among them the carbon surface contamination is of particular importance. Indeed, carbon surface contamination has to be considered as an attenuation factor of the photopeaks intensities measured. This attenuation varies with kinetic energies (KE) of the different main core levels used and distributed along the whole KE scale. So, adventitious carbon operates as a differential filter for photoelectrons with different KE. This induces possible differences between the XPS estimation obtained by different photopeaks combination employed for quantification and the reality of the alloy composition of the treated surface. In this paper we discuss the use of the Ga3d-In4d region, in narrow binding energy region. It can be consider as the better alternative to provide the closer value to the actual surface GGI determination. The interest of considering this specific energy window gathering Ga3d and In4d, in addition to the conventional Ga2p and In3d peaks, has been previously introduced by Bär et al. [START_REF] Bär | Chemical and electronic surface structure of 20%-efficient Cu(In,Ga)Se2 thin film solar cell absorbers[END_REF][START_REF] Handick | Formation of a K-In-Se Surface Species by NaF/KF Postdeposition Treatment of Cu(In,Ga)Se2 Thin-Film Solar Cell Absorbers[END_REF]. In the present work, we extend the argumentation to use the Ga3d-In4d spectral window to have a direct overview of GGI evolution. This narrow binding energy region allows working with equivalent escape depth and carbon attenuation levels. So a more accurate GGI determination is expected. To comfort the Ga3d-In4d window exploitation, a fitting procedure is developed on a reference surface of InxGa1-xAs desoxidized epilayer. For this III-V alloy, the GGI ratio value is ensured by a fine determination via other complementary characterization method. We show that the metallurgic composition of this reference alloy can therefore also be well determined by XPS. We discuss the extension of the fitting procedure to the practical case of the reference CIGS surface.

Experiments

CIGS and InGaAs samples description and surfaces preparation by chemical engineering

The CIGS samples are supplied by ZSW (Zentrum für Sonnenenergie-und Wasserstoff-Forschung, Germany) [START_REF] Dimmler | Scaling-up of CIS Technology for Thin-film Solar Modules[END_REF].

CIGS is co-evaporated on Mo (600 nm) / glass (3 mm) substrates. The CIGS layers are provided with optimal GGI bulk ratio close to 0.30 and a thickness of 2.1 µm. A large area sample was divided in equivalent area pieces (1x1 cm) to ensure the reliability of the comparative diagnostic. In the present case, the absence of usual Ga gradient in depth was verified through Secondary Ion Mass Spectrometry (SIMS) measurements, performed on an IMS7f CAMECA. Those results are not presented here.

InxGa1-xAs epi-layer sample was grown by Metal Organic Vapors Phase Epitaxy process on InP (100).

Sample thickness is nominally 160 nm which implies that the epitaxial layer is strained (no relaxation) on the InP substrate, then the Vegard Law can be used to determine by XRD (X-Ray Diffraction) the alloy composition. So the alloy composition of our reference layer has been derived from XRD rocking curve measurement and given as In0.517Ga0.483As.

The CIGS samples flattening is obtained thanks to an etching solution of HBr (0.20 mol L -1 ): Br2 (0.02 mol L -1 ): H2O (ultra-pure de-ionized water, 18.2 MΩ) [START_REF] Bouttemy | Thinning of CIGS solar cells: Part I: Chemical processing in acidic bromine solutions[END_REF]. This etching process allowing a quasi layer by layer dissolution of the CIGS absorber is not selective and leaves the surface deoxidized and leads to a spectacular decrease of the surface roughness. More details can be found elsewhere [START_REF] Bouttemy | Thinning of CIGS solar cells: Part I: Chemical processing in acidic bromine solutions[END_REF][START_REF] Loubat | Optical properties of ultrathin CIGS films studied by spectroscopic ellipsometry assisted by chemical engineering[END_REF]. As Ga gradient is not present on the used samples (as confirmed by SIMS profiling measurements), the XPS responses do not depend on the immersion time. The etching time is fixed to obtain a smooth surface, still conformal and thick at the XPS scale. Samples are rinsed under ultra-pure de-ionized water (18.2 MΩ) and dried with nitrogen flux. Then, as conventionally employed during the cell fabrication process, a wet chemical treatment based on a basic solution is performed using KCN (0.1 mol L -1 , 5 min) [START_REF] Canava | XPS and electrical studies of buried interfaces in Cu(In, Ga)Se2 solar cells[END_REF][START_REF] Ramanathan | Surface treatment of CuInGaSe2 thin films and its effect on the photovoltaic properties of solar cells[END_REF][START_REF] Lehmann | Reliable wet-chemical cleaning of natively oxidized high-efficiency Cu(In,Ga)Se2 thinfilm solar cell absorbers[END_REF][START_REF] Canava | High resolution XPS studies of Se chemistry of a Cu(In,Ga)Se2 surface[END_REF][START_REF] Roussel | Interfacial chemistry control in thin film solar cells based on electrodeposited CuIn(S,Se)2[END_REF]. InxGa1-xAs sample is deoxidized using an HCl solution (2 mol L -1 , during 5 min).

Finally, both CIGS and InxGa1-xAs samples are rinsed in ultra-pure water (18.2 MΩ), dried under nitrogen and directly transferred into the XPS spectrometer.

X-ray Photoelectron Spectroscopy (XPS)

XPS surface chemical analyses are carried out with a Thermo Electron K-Alpha + spectrometer using a monochromatic Al-Kα X-Ray source (1486.6 eV). The X-Ray spot size is 400 µm. The Thermo Electron procedure was used to calibrate the K-Alpha + spectrometer by using metallic Cu and Au samples intern references (Cu 2p3/2 at 932.6 eV and Au 4f7/2 at 84.0 eV). High energy resolution spectra are acquired using a Constant Analyser Energy mode 10 eV and 0.05 eV as energy step size. Data are processed using the Thermo Fisher scientific Avantage © data system. XPS spectra are treated using a Shirley background subtraction and XPS composition are deduced using the Sensitivity Factors, the transmission factor and inelastic mean-free paths from Avantage© library associated to the spectrometer. The fits are performed with Gaussian/Lorentzian mix.

Results and Discussion

As previously shown, aqueous acidic bromide solutions [START_REF] Bouttemy | Thinning of CIGS solar cells: Part I: Chemical processing in acidic bromine solutions[END_REF] generate a constant etching rate process which progressively eliminates the initial roughness of the layers. Our final RMS roughness is always in the 5-10 nm range, compared to the 100-150 nm initial ones. However if the spectacular flattening is easily reachable, a question is the associated post etching surface chemistry. Figure 1 shows the XPS evolutions of the as-grown, of the HBr:Br2:H2O and then of the HBr:Br2:H2O and KCN treated surfaces. Modifications are observed for the Ga3d-In4d and Se3d regions, as well as for the regular core levels used in the literature Ga2p3/2, Cu2p3/2 and In3d5/2. Starting from an initial oxidized CIGS surface [START_REF] Loubat | Chemical engineering of Cu(In,Ga)Se2 surfaces: An absolute deoxidation studied by X-ray Photoelectron Spectroscopy (XPS) and Auger Electron Spectroscopy (X-AES) signatures[END_REF], Br2 etching [START_REF] Bouttemy | Thinning of CIGS solar cells: Part I: Chemical processing in acidic bromine solutions[END_REF] leaves CIGS surfaces without oxide layer but with low side Se 0 phase which amount depends strongly on the etching conditions. When it is presented, the Se 0 side phase on Se3d peak is evidenced by an additional feature with a shoulder contribution in the 56-57 eV range. This feature disappears after KCN treatment (Figure 1-a). The deoxidation efficiency is evident on the O1s signal, whose intensity is drastically decreased, after HBr:Br2:H2O etching (Figure 1-d).

Moreover the Ga and In photopeaks present strongly thinned envelops and the characteristic oxide contribution of the Se3d close to 59 eV disappears. All the photopeaks present higher intensities depletion on the as-grown [START_REF] Loubat | Chemical engineering of Cu(In,Ga)Se2 surfaces: An absolute deoxidation studied by X-ray Photoelectron Spectroscopy (XPS) and Auger Electron Spectroscopy (X-AES) signatures[END_REF]. Finally, the Cu signals Cu2p3/2 and Cu(LMM) Auger lines (not shown 147 here) of the chemically treated samples are characteristic of a Cu(I) contribution as expected for a 148 CIGS lattice. Note that in this case, the possible Cu2O contribution which is difficult to discriminate 149 from Cu(I) in CIGS is easily eliminated due to the very low oxygen level and comforted because an 150 additional HCl dipping [START_REF] Loubat | Chemical engineering of Cu(In,Ga)Se2 surfaces: An absolute deoxidation studied by X-ray Photoelectron Spectroscopy (XPS) and Auger Electron Spectroscopy (X-AES) signatures[END_REF] does not change anything on copper signals. 151 152 The analysis of Cu2p3/2, In3d5/2, Ga2p3/2, Se3d and O1s photopeaks shows that after the final KCN treatment a very clean surface without selenide phase and detectable oxides is obtained. The oxygen signal intensity is very low and only related to adventitious carbon stacked to the surface during the sample manipulations. This suggests that Ga2p3/2, In3d5/2, Cu2p3/2 and Se3d energy distributions substantially narrowed, are representative of only one chemical environment: the CIGS one's. This diagnostic will be refined later in the text but this first examination of the photopeaks evolution demonstrates that a clean CIGS surface is obtained at the issue of the combined sequences. At first sight, the surface differs from a perfect reference only due to carbon sticking at the surface during the transfer. The adventitious carbon contamination is very difficult to evaluate due to SeL3M23M45/C1s overlapping (Figure 2) and will not be quantified here. The direct calculation of the surface composition presented in Table 1 assumes that the layer is homogeneous within the matter probed by XPS. This is verified by XPS mapping. Moreover, the signal correction steps are complex, then the deduced XPS compositions must be used with a critical reasoning about a possible difference between the actual chemical composition and the XPS extracted one. Note that if we consider the C1s contribution, its intensity can be roughly estimated without a complete fitting procedure and give atomic percentage contribution for the carbon between 30-50% in a global composition, the corrected contribution for the other elements remaining in the same relative proportions.

With our nearly "perfect-CIGS surface", the GGI, obtained thanks to the Ga2p and In3d regions (GGIGa2pIn3d), reaches the value of 0.25 (± 0.01) (0.27 and 0.25 for raw and HBr:Br2 surfaces , respectively) when the expected value is 0.30. provided by the X-Ray Al anode. Then, corrections due to the carbon overlayer attenuation must be considered. Obviously, the differential attenuation is as a perturbation source for the apparent XPS composition and very difficult to deal with due to the fluctuation on the nature of the adventitious carbon contamination and complicated by its possible inhomogeneous sticking at the surface. As indicated above, the determination of the C content is not obvious requires to separate the C1s from Se(L3M23M45) lines (Figure 2) and, so, rarely considered. In addition, specific calibration to determine the differential attenuations is required. Another possibility consists in minimizing this effect by choosing a set of XPS peak with narrower distribution of KE, as previously proposed by Bär et al. [START_REF] Bär | Chemical and electronic surface structure of 20%-efficient Cu(In,Ga)Se2 thin film solar cell absorbers[END_REF][START_REF] Handick | Formation of a K-In-Se Surface Species by NaF/KF Postdeposition Treatment of Cu(In,Ga)Se2 Thin-Film Solar Cell Absorbers[END_REF].

CIGS's XPS response provides this opportunity through its Ga3d and In4d levels (Figure 1-b), appearing in the 30 eV to 10 eV spectral region. Then, we can work without differential signal balancing consideration. Moreover equal escape depths can be assumed for this set of lines and an absolute estimation of the GGI response of the material. Then, the only questionable parameters are the sensitivity factors ones. As the element III's distribution is grouped only over 6 eV range, the separation is sufficient between both to provide coherent fitting procedure when the CIGS surface is oxide free.

To ensure a reliable modeling procedure, so a fine determination of the reconstruction parameters is the same for both layers, as soon as a correct deoxidation has been performed. Its value is equal to 0.85  0.01 eV. Regarding the spin-orbit splitting for Ga3d, it is less marked and needs very high resolution spectra to observe characteristic shape deformation. For the InxGa1-xAs layer, the spinorbit splitting seems more resolved. So, using this support, the spin-orbit distance found for the Ga3d level is equal to 0.44  0.02 eV, in total agreement with our oxide free GaP samples (0.43  0.02 eV).

Using these fitting parameters, we obtain good simulation of the key Ga3d-In4d regions which has characteristic intensity ratios related to the atomic ratio between Ga and In present in InxGa1-xAs or CIGS layers. When the respective intensities are corrected from the atomic level sensitivity factors, we access to the XPS GGIGa3dIn4d parameter. For our InxGa1-xAs sample, a GGI equal to 0.484  0.005 is determined using a factor sensitivity ratio (SF) SFGa3d/SFIn4d (1.412/3.601) equal to 0.39 (THERMO@ Avantage Scientific data base). The XPS GGI deduced from the Ga3d-In4d region is then in perfect agreement with the GGI (0.483) obtained by XRD, thereby validating the fitting parameters used.

The fitting parameters (branching ratio, spin-orbit splitting) obtained thanks to the reference sample were then implemented to the Ga3d-In4d region of the CIGS sample (Figure 3-c) using the same previous procedure. The GGIGa3dIn4d ratio is equal to 0.29 (± 0.01), which presents much more coherence than the GGIGa2pIn3d ratio (0.25 ± 0.01) presented above. In addition, an interesting difference is observed between the InxGa1-xAs reference sample and the CIGS ones. Indeed, a widening of the FWHM parameters for each element is noted to satisfactorily fit the CIGS Ga3d-In4d region (Table 2). As information, FWHM for GaP and InP materials are also presented in Table 2, which are equal to ones determine for InxGa1-xAs sample. 

Conclusion

With a combination of chemical treatments (acidic Br2 etching followed by KCN dipping), a CIGS "reference" surface was obtained as support for GGI quantification obtained by XPS. From this reference surface, clean of residual oxides and side selenide phases, a determination of the GGI ratio, is then optimized. Comparing the GGIGa3dIn4d (0.29 ± 0.01) and the GGIGa2p, In3d (0.25 ± 0.01), we observe a slight but consequent difference. We attribute it to possible perturbations induced by the signals attenuation due to carbon contamination. Considering that the Ga3d-In4d region is restricted in an energy window of 10 eV, we assume that the attenuation effect is limited even nonexistent, suggesting that this window would be the most adapted to the quantification of GGI [START_REF] Bär | Chemical and electronic surface structure of 20%-efficient Cu(In,Ga)Se2 thin film solar cell absorbers[END_REF][START_REF] Handick | Formation of a K-In-Se Surface Species by NaF/KF Postdeposition Treatment of Cu(In,Ga)Se2 Thin-Film Solar Cell Absorbers[END_REF].

However, this hypothesis needs correcting factors provided by library data bases to be accurate accurate, and particularly the sensitivity factors which, in this case, can be considered as the only one significant correction parameters. In order to comfort the validity of the sensitivity factors employed for the Ga3d-In4d region, we introduced, as reference sample, an III-V epitaxial layer InxGa1-xAs whose composition has been certified by XRD measurements. This epitaxial layer presents a similar Ga3d-In4d mixed window. On this reference sample, we determine the fitting parameters and we deduce a final XPS composition in total agreement with the expected one, validated by XRD measurements. So we consider that our correcting factors are validated. Therefore we apply these fitting parameters to the determination of the GGIGa3dIn4d on CIGS, which can now be considered as the actual GGI value at the surface. Moreover, we observe a slight widening of the XPS lines, interrogating on the small fluctuations of the potential at the surface. Finally, the lower GGI value obtained using regular core levels (Ga2p and In3d) can be consider as under-estimated, indicating that the perturbation of Ga2p intensity is more affected than the In3d's one. This observation is coherent with the evolution of kinetic energies, as the Ga2p one is lowest than the In3d's one, leading to a Ga2p peak more affected by the attenuation layer than In3d's one. According to the carbon contamination level, the GGIGa2p, In3d determination can be underestimated, whereas the GGIGa3dIn4d won't be affected. To reduce the carbon contamination, different chemical engineering treatments should be provided. Similarly, ionic Argon cluster bombardment can also be used. Both points will be extensively presented in a following paper. Furthermore, other key parameters such as CGI and Se balance can be studied using combinations in similar energy ranges [START_REF] Bär | Surface Off-Stoichiometry of CuInS2 Thin-Film Solar Cell Absorbers[END_REF]. 
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Figure 3 :

 3 Figure 3: High energy resolution XPS spectra comparison of CIGS (black solid line) and InxGa1-xAs (blue

Figure 3 -

 3 Figure 3-b and Figure 3-c present the fitting simulations obtained for the Ga3d-In4d region for the

Figure 1 :

 1 Figure 1: High energy resolution XPS spectra comparison of as-grown (solid black line)// etched with

Figure 2 :

 2 Figure 2: C1s XPS spectra comparison as-grown (solid black line)// etched with HBr:Br2 H2O solution

Figure 3 :

 3 Figure 3: High energy resolution XPS spectra comparison of CIGS (black) and InGaAs (blue) materials -

  the KE of the photoelectrons. Concerning CIGS it is a key point because the foremost usual lines used are Ga2p3/2 (KE: 370.6 eV), Cu2p3/2 (KE: 555.6 eV), In3d5/2 (KE: 1043.6 eV) and Se3d (KE: 1429.6 eV) whose photopeak kinetic energies are largely distributed over the 1486.6 eV range

This probable under-estimation can be explained by the adventitious carbon over-layer acting, previously mentioned, as differential attenuation layer depending on
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 2 FWHM parameters evolution for GaP, InP, InxGa1-xAs and CIGS layers Therefore, a slight modulation of the energy diagram can appear leading to the widening of the FWMH photopeaks. Working with a CIGS monocrystal will remove this effect and provide a more accurate support for discussion.

	FWHM parameter (eV)	In4d5/2	In4d3/2	Ga3d5/2	Ga3d3/2
	GaP	/	/	0.55	0.55
	InP	0.63	0.63	/	/
	InxGa1-xAs	0.62	0.62	0.55	0.55
	CIGS	0.74	0.74	0.71	0.71
	To explain this widening on FWHM CIGS layer, several possibilities must be considered. As CIGS is a

polycrystalline material, a surface potential modulation could be considered, associated to the grain boundaries distribution.
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 1 Atomic percentages of CIGS surfaces obtained from the Cu2p3/2, Ga2p3/2, In3d5/2, Se3d and O1s regions for different surface treatments; C1s contribution is not considered
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(Figure2). A qualitative comparison between those intensities evolution show an expected Cu-
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