
 

 

 

 

 

 

 

University of Southern Denmark

Improved depth information from routine analysis of the inelastic background of XPS and
HAXPES spectra using optimized two- and three-parameter cross-sections

Zborowski, Charlotte; Tougaard, Sven

Published in:
Surface and Interface Analysis

DOI:
10.1002/sia.7020

Publication date:
2022

Document version:
Accepted manuscript

Citation for pulished version (APA):
Zborowski, C., & Tougaard, S. (2022). Improved depth information from routine analysis of the inelastic
background of XPS and HAXPES spectra using optimized two- and three-parameter cross-sections. Surface
and Interface Analysis, 54(4), 433-441. https://doi.org/10.1002/sia.7020

Go to publication entry in University of Southern Denmark's Research Portal

Terms of use
This work is brought to you by the University of Southern Denmark.
Unless otherwise specified it has been shared according to the terms for self-archiving.
If no other license is stated, these terms apply:

            • You may download this work for personal use only.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying this open access version
If you believe that this document breaches copyright please contact us providing details and we will investigate your claim.
Please direct all enquiries to puresupport@bib.sdu.dk

Download date: 23. May. 2023

https://doi.org/10.1002/sia.7020
https://doi.org/10.1002/sia.7020
https://portal.findresearcher.sdu.dk/en/publications/66c9cac0-85bb-4c63-bc32-39f3bde7f0b5


Zborowski Charlotte (Orcid ID: 0000-0001-6276-7109) 
Tougaard Sven (Orcid ID: 0000-0003-0909-8764) 
 
 

Improved depth information from routine analysis of the inelastic 
background of XPS and HAXPES spectra using optimized 2 and 3-
parameter cross-sections. 
 

C. Zborowski1-2 * and S. Tougaard3 

 

1 MCA, imec, Kapeldreef 75, 3001 Leuven, Belgium 

2 Instituut voor Kern- en Stralingsfysica, K.U. Leuven, Celestijnenlaan 200D, Leuven, 3001, Belgium 

3 Department of Physics, Chemistry and Pharmacy, University of Southern Denmark, Odense M, Denmark. 

 

Abstract 
Determination of the depth distribution of complex nano-structures by XPS inelastic 

background analysis may be complicated if the sample materials have widely different inelastic 

scattering cross-sections. It was recently demonstrated that this may be solved by using a mixture of 

cross-sections. This permits retrieval of depth distributions of complex stacks and deeply buried layers 

with a typical 5% accuracy. This requires however that the cross-sections of the individual sample 

materials are known which is often not the case and this can complicate practical use for routine-

analysis.  

In this paper we explore to what extent a suitable 2 or 3-parameter cross-section can be 

defined independent of prior knowledge of the cross-sections involved but simply defined by fitting 

the cross-section parameters to the spectrum being analyzed. This paper presents a theoretical study 

following our recent paper which explored how to make the best choice of inelastic mean free path 

and inelastic scattering cross-section for the inelastic background analysis with the Quases-Tougaard 

software. It was previously shown that a rough analysis of the inelastic background could give a good 

idea of the depth distribution. Here, we demonstrate with model spectra from buried layers created 

with Quases-Tougaard Generate software that a rather accurate analysis can be performed for very 

different cases with an average ~5% error. 

This analysis is easy to apply as it only needs the 2 or 3 parameter cross-sections generated 

with the Quases-Tougaard software. This study is aimed to improve routine-analysis of the inelastic 

background of XPS and HAXPES spectra. 
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Introduction 
During the last decades, X-ray Photoelectron Spectroscopy (XPS) has become a widely used 

characterization technique for surface analysis in many different areas. Recently, new laboratory tools 

were created to perform XPS analysis with higher energy X-ray sources compared to the classical Al 

and Mg sources (Al Kα 1486.7 eV and Mg Kα 1253.6 eV). These new high-energy sources, using Ag, 

Cr and Ga anodes (Ag Lα 2984.3 eV, Cr Kα 5414.7 eV and Ga Kα 9251.7 eV) open up for new 

capabilities in the field which is likely to make XPS even more widely used in the future.  

These higher photon energies result in photoelectrons with substantially larger inelastic mean 

free paths (IMFP or 𝜆𝜆) and thereby larger probing depths. It is well established that quantification 

based on XPS peak areas can be highly inaccurate 1 because of the peak attenuation factor which 

varies strongly with the atom depth distribution. This can be solved by including in the analysis, the 

background of inelastically scattered electrons which is always seen on the low kinetic energy side of 

XPS peaks. The background varies characteristically with the depth distribution of the corresponding 

atoms 1 and analysis of this can be applied to determine the depth distribution 2. This can be done 

with the Quases-Tougaard software package 3. The probing depth with this method is ~8 IMFP 2. This 

is larger than the usually quoted probing depth of ~3 IMFP which is true for the peak intensity whereas 

the inelastically scattered electrons in an energy region of ~100 eV below the elastic peak originate 

from substantially larger depths which explains the larger probing depth. With HAXPES, the 

background spectrum can often be followed over a larger range of energy loss which can increase 

the probing depth to ~20𝜆𝜆 4,5 and in typical cases the probing depth with HAXPES exceeds 10𝜆𝜆 and 

structures at ~50 nm or in some cases even more than 100 nm depths have been studied 5–11. 

 

With the increased probing depth, it becomes possible to study samples that consist of a stack with 

several different materials. If the materials in the stack have widely different inelastic cross-sections 

and IMFPs the analysis turns out to be most accurate if one uses a blend of cross-sections that reflect 

the average inelastic scattering properties in the stack 6. In a previous paper we studied a wide range 

of model spectra in order to determine a general procedure to obtain the mixture of cross-sections 

and IMFPs that leads to the most accurate determination of the layer structure. The spectra were 

created with Quases‐Generate software 3,6 for spectra recorded both with high energy synchrotron 

radiation and with laboratory Al‐Kα X‐ray sources. A wide range of thicknesses of the buried layer 

and of the overlayer were tested. Among the different combinations of input parameters tested, the 

best choice for all cases was to use an effective IMFP and effective inelastic scattering cross-section 
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with relative weights being half the thickness of the buried layer and the full thickness of the overlayer 

when analyzing a spectrum from atoms in the buried layer.  

 

Now, the IMFP for a general material can be estimated by e.g. the TPP-2M formula 12,13 which 

is implemented in the free Quases-IMFP-TPP2M software 3. The differential energy loss cross-section 

𝐾𝐾(𝐸𝐸,𝑇𝑇) is the probability for an electron of energy E to lose energy T per unit energy loss and 

pathlength travelled. This quantity may be hard to estimate for a general material although it is 

available for some materials in the QUASES software. It can also be determined from analysis of 

reflection electron energy loss (REELS) spectra 3,14 but this is an extra complication for practical use 

of this technique.  

 

Two classes of universal cross-sections have previously been found to give a fair description of the 

background. For many transition metals, their alloys and oxides, a two-parameter cross-section has 

been found to be approximately valid 15   

𝑈𝑈2(𝐶𝐶) = 𝜆𝜆(𝐸𝐸)𝐾𝐾(𝐸𝐸,𝑇𝑇) = 𝐵𝐵𝐵𝐵
(𝐶𝐶+𝐵𝐵2)2   (1) 

However, for materials with a sharp plasmon structure, the three-parameter cross section, 

𝑈𝑈3(𝐶𝐶,𝐷𝐷) = 𝜆𝜆(𝐸𝐸)𝐾𝐾(𝐸𝐸,𝑇𝑇) = Θ(𝑇𝑇 − 𝐸𝐸𝐺𝐺) 𝐵𝐵𝐵𝐵
(𝐶𝐶−𝐵𝐵2)2+𝐷𝐷𝐵𝐵2

    (2) 

is found to be a better choice 15. The parameter B is not a free parameter because for given C, D 

parameters it is determined by the fact that the integral of  𝜆𝜆(𝐸𝐸)𝐾𝐾(𝐸𝐸,𝑇𝑇) over all energy loss T must be 

~1. The factor Θ(𝑇𝑇 − 𝐸𝐸𝐺𝐺) is 1 for T > EG and 0 for T < EG and is applied when the material has a 

bandgap EG. 

 

The parameters C, D vary with the material 15 and one might expect that the average effective cross-

section for a stack of materials could also be described by adjusting these parameters. It is the aim 

of the present paper to determine to what extent this is the case. So the parameters are varied as 

part of the fitting procedure and for a given spectrum, C and D are first varied to fit the structure around 

the plasmon structure in the vicinity of the XPS peak and the depth distribution parameters in the 

software are then varied to obtain the best fit in the full energy region. The QUASES software provides 

facilities to do this interactively so the effect of varying C and D on the background analysis is 

immediately seen. Tutorial videos 10-14 that can be found on Quases-Tougaard software website 16 

show practical examples of how the analysis is done. 
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In the left part of Figure 1, this procedure is applied to a real example 9 for the analysis of the Ti 1s 

inelastic background from an Al(15 nm)/Ti(10 nm)/AlGaN(21 nm)/GaN sample . First C and D are 

varied to get a background that roughly lines up with the first plasmon structure and then the depths 

are adjusted to get a good fit in the full spectrum range. Finally, small adjustments of C, D are made 

to optimize the quality of the fit (see Video 11 16). The best fit is obtained with a U3(270, 150) cross-

section. The determined structure is Ti in a buried layer from 17.5 to 28 nm. This is close to the 

nominal values of 15 to 25 nm. The fit in the region close to the peak is reasonably good and further 

away the fit present an event better agreement with the measurement. The fit in the right part of Figure 

1 with a mixture of 50% universal (U2(1643)) and 50% Al cross-sections 9 is only slightly better and 

only in the region between the first and second plasmon, compared to the fit obtained with the U3(270, 

150) cross-section. The depth distribution results are also closer, from 16 to 25.5 nm to the expected 

depth distribution from 15 to 25 nm. In the present paper the fit has been refined using an IMFP as in 

eq.(3) 6 together with the automated fitting facility in the software  3, therefore the uncertainty on the 

determined depth  is smaller and the determined structure is slightly closer to the expected values 

than in our previous paper 9. Comparing the two fits in Figure 1, the intensity in the right part around 

the first plasmon is lower compared to the experiment. This does not necessarily imply that the fit is 

less accurate because a smaller intensity in the first plasmon is expected due to intrinsic excitations 

as explained in Reference17. Therefore, one should not be very concerned if it is not possible to exactly 

fit the intensity around the first plasmon, but the focus should be to obtain a good quantitative fit for 

energies beyond the first plasmon. This is of course not the case when the fitting is done to a 

background corrected reference spectrum which will contain these intrinsic excitations and the fit in 

the first plasmon region should therefore also be good.  

 

In another recent inelastic background analysis of the structure of coated nano-particles 18 it was 

found that using a U3 cross-section fitted to a reference XPS spectrum of the core material, the 

coating thickness and the completeness of the coating could be accurately determined (see Videos 

12 and 13 16). In a third recent example, an optimized blend of U2 and U3 cross-sections was 

successfully used to correct ambient pressure XPS spectra for the distortions caused by inelastic 

scattering in the ambient gas. 19 (see Video 14 16). These examples are very promising for general 
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application of this method to interactively determine the cross-section directly by fitting to the spectrum 

being analyzed. 

In order to determine to what extent this can be applied for general spectra, we study here the same 

set of samples that we used in the previous study 6. 

 

Creation of the spectra 
We use the same generated spectra as in a previous paper 6, and the reader is referred to this 

for details. In brief, model XPS and HAXPES spectra corresponding to different depth distributions 

were created using the Quases-Generate software. The different depth distributions used to create 

the model spectra are shown in Figure 2. 

The spectra were created from experimental Si and Au reference spectra respectively 

measured on pure bulk materials at 1152 eV kinetic energy for Au 4d with Al Kα X‐ray source and at 

6099 eV kinetic energy for Si 1s measured with 7938 eV synchrotron light. The IMFPs were calculated 

with the QUASES-IMFP calculator 3 which uses the TPP-2M formula 12,13. For the inelastic scattering 

cross-sections applied to create the model spectra, a Si cross-section determined from REELS 

analysis recorded at 10 keV 20 was used and the Al, polymer and universal cross-sections used in 

this work are the standard cross-sections available in the Quases software. See ref 6 for details of the 

calculation of the model spectra.  

 

 

Analysis of the spectra 
The resulting spectra were then analyzed with the Quases-Tougaard Analyze software using 

an effective IMFP which is the average of the IMFPs for each layer crossed by the electrons 6 together 

with the U2 or U3 cross-sections using C and D as fitting parameters. The following equation shows 

the calculation used for determination of the effective IMFP, IMFPeff: 

 

 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝑒𝑒𝑒𝑒 =
1
2𝑡𝑡𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

1
2𝑡𝑡𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏+𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

× 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑒𝑒𝑏𝑏 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
1
2𝑡𝑡𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏+𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

× 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡𝑡𝑡𝑡𝑡    (3) 

 

where ttop is the thickness of the top-layer, tburied is the thickness of the buried layer, IMFPtop is the 

IMFP of the top-layer material, and IMFPburied the IMFP of the buried material. 
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The possibility to create and use an effective inelastic cross-section as a blend of pure 

elemental cross-sections or use a tuned U2 or U3 inelastic scattering cross-section is an option 

implemented in the software since 2018 (see Figure 3). 

This provides a quick and simple tool to use the U2 or U3 cross-section in inelastic background 

analysis. As described above, the C and D parameters are varied interactively to get a good account 

for the shape of the background in the ~20 eV energy loss range and the assumed structure of the 

sample is then varied to get a good fit to the background in the full energy range. The effective IMFP 

is also adjusted (by eq.(3)) with the depth distribution obtained. Finally, small adjustments of C and D 

are made to optimize the quality of the fit. (EG was not used here because EG = 0 for all model spectra). 

In addition, another tool in the software allowing to automatically determine the start and end depths 

of the layer that gives the best fit to the background, also implemented in 2018, was used in most 

cases to avoid a biased influence on the results (see e.g. Video 5 16).  

 

 

 

 

Results 

Figure 4 shows four examples of analysis of the inelastic background done with Quases-

Analyze software on four different stacks with different materials and thicknesses. 

These examples as well as the results for all studied structures in the annex were obtained using U2 

or U3 inelastic cross-sections with tuned C and D parameters and an effective IMFP calculated as 

described above. 

The resulting modellings gave a good account for the background as seen in Figure 4. In some cases, 

the agreement is even very good in the first 30 eV after the elastic peak which is the most difficult 

region to fit because narrow plasmon features may appear in this region. Further away, multiple 

inelastic scattering smears out the structure in the background. The obtained start and end depths for 

the buried layers are listed in Annex 1 along with the C, D parameters for the determined U2 or U3 

cross sections. 
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In Figure 5, these determined start depth, end depth and layer thicknesses are plotted against the 

“true” values used to create the model spectra. The deviation from the expected values are seen to 

be quite small in all cases and the average error on the results is 5.0%. More specifically it is around 

5.7% for the start depth, 4.3% for the end depth and 1.7% for the thickness. The median error was 

around 3.7% on the start depth, 2.3% on the end depth and in most cases the thickness of the buried 

layer was found almost identical to the true value. The maximum absolute deviation was 2.5 nm which 

was found for the 40 nm Au top layer on 1 nm Si buried layer so only a 6% deviation. 

The uncertainty on the determined start and end depths is typically ± 0.2 nm for the shallow depths 

and ± 0.5 nm for the larger depths increasing to ± 1 nm for the largest depths.  

   

Slightly more accurate results could have been achieved using an effective inelastic scattering 

cross-section as a combination of inelastic scattering cross-sections of each material crossed by the 

electrons as shown in our previous paper 6. However, the results with U2 or U3 cross-section used 

here is in most cases only a little less accurate compared to those obtained with effective inelastic 

scattering cross-sections 6 and on the average both deviate by around 5%. It appears that this is a 

good alternative to get a rather accurate determination of the elemental depth distribution. A possibility 

for improvement of the accuracy with the use of U2 and U3 cross-sections would be to determine the 

cross-section by fitting to a reference spectrum 7,18. It is noted that a variation of the technique 

presented here was recently applied to successfully determine the cross-sections needed to correct 

near ambient pressure XPS for the distortion of the spectrum caused by energy loss to excitation of 

electrons in the gas atoms 19. 

 

It is noted that for deeply buried layers, the effect of elastic electron scattering can be important. The 

effect can conveniently be treated as a correction factor which is applied following an analysis where 

elastic scattering is ignored 1,21. The correction is estimated to be less than ~15 % for depths < 1.5 

IMFP but can substantial for larger depths 1,8,21. So, for spectra where most of the atoms are at depths 

< 1.5 IMFP it is often ignored. (see also Videos 6-9 16). 

 
Conclusion 
 This paper demonstrated by analysis of XPS spectra from multiple examples of model stacks 

as well as with one real measurement (Figure 1) and additionally two recently published practical 

examples 17,18 that a quick and simple inelastic background analysis can be performed with the 
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Quases-Tougaard Analyze software. The procedure consists in applying an inelastic scattering cross-

section which is fitted to the analysis in the ~20 eV energy loss region below the XPS peak. This 

enabled retrieval of depth distributions in the samples with an average error around 5.0%. 

This has been shown to work for samples with different thicknesses of buried layers (1, 3, 5 ,10 nm) 

under different thicknesses of top layer (4, 6, 8, 5, 10, 20 or 40 nm). The tests were done for materials 

of both top and buried layer with widely different inelastic scattering cross-sections. 

 It is noted that the spectra required for this analysis are wide scan XPS or HAXPES spectra 

with low energy resolution, so the spectra can be acquired in a short measurement time. 
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Annex 1: results tables 
The notation of thicknesses refers to the structures shown in Figure 2. 

t(x) = nominal thickness of the x layer in nm 

t’(x) = determined thickness of the x layer in nm. The nominal thickness is shown in parenthesis 

start = determined start depth of the buried layer (Au or Si) in nm and true start depth in 

parenthesis 

end = determined end depth of the buried layer (Au or Si) in nm and true end depth in 

parenthesis 

IMFP = effective inelastic mean free path in nm 

U2-3(C,D) = C and D parameters used for the U2 or U3 cross-section used in the analysis 

 

Spectra were created from experimental Au reference spectrum measured on pure bulk 

materials at 1152 eV kinetic energy for Au 4d with Al Kα X‐ray source.  

t(Au) t(Al) IMFP start end t'(Au) U3(C,D) 
1 4 2.29 4.4 (4) 5.5 (5) 1.1 (1) 240 , 14 
1 6 2.32 6.2 (6) 7.2 (7) 1.0 (1) 240 , 14 
1 8 2.34 8.2 (8) 9.1 (9) 0.9 (1) 240 , 10 
3 4 2.14 4.7 (4) 8.4 (7) 3.7 (3) 260 , 16 
3 6 2.23 6.9 (6) 10.0 (9) 3.1 (3) 260 , 16 
3 8 2.26 9.0 (8) 12.0 (11) 3.0 (3) 260 , 16 

 

t(Au) t(polym) IMFP start end t'(Au) U3(C,D) 
1 4 2.85 4.6 (4) 5.6 (5) 1.0 (1) 550 , 600 
1 6 2.90 6.6 (6) 7.5 (7) 0.9 (1) 550 , 600 
1 8 2.92 8.5 (8) 9.5 (9) 1.0 (1) 550 , 600 
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3 4 2.63 4.7 (4) 7.8 (7) 3.1 (3) 600 , 3500 
3 6 2.72 6.4 (6) 9.4 (9) 3.0 (3) 600 , 2500 
3 8 2.78 8.9 (8) 12 (11) 3.1 (3) 490 , 2500 

 

t(Au) t(Ta) IMFP start end t'(Au) U3(C,D) 
1 4 1.63 3.7 (4) 4.7 (5) 1.0 (1) 390 , 2000 
1 6 1.63 5.1 (6) 6.1 (7) 1.0 (1) 410 , 2000 
1 8 1.64 6.6 (8) 7.5 (9) 0.9 (1) 450 , 2000 
3 4 1.61 3.8 (4) 6.8 (7) 3.0 (3) 600 , 2500 
3 6 1.61 5.3 (6) 8.3 (9) 3.0 (3) 550 , 2000 
3 8 1.62 6.8 (8) 9.8 (11)  3.0 (3) 550 , 2000 
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Spectra were created from experimental Si reference spectrum measured on pure bulk 

materials at 6099 eV kinetic energy for Si 1s measured with 7938 eV synchrotron light. 

t(Si) t(Al) IMFP start end t'(Si) U3(C,D) 
1 5 10.23 4.7 (5) 5.7 (6) 1.0 (1) 250 , 8 
1 10 10.23 10.0 (10) 11.0 (11) 1.0 (1) 250 , 8 
1 20 10.22 20.7 (20) 21.6 (21) 0.9 (1) 240 , 8 
1 40 10.22 40.8 (40) 41.8 (41) 1.0 (1) 240 , 8 
5 5 10.26 4.6 (5) 9.6 (10) 5.0 (5) 250 , 14 
5 10 10.24 10.2 (10) 15.2 (15) 5.0 (5) 250 , 14 
5 20 10.23 19.7 (20) 24.7 (25) 5.0 (5) 240 , 14 
5 40 10.23 40.0 (40) 45.2 (45) 5.2 (5) 240 , 6 
10 5 10.28 4.8 (5) 14.8 (15) 10.0 (10) 260 , 18 
10 10 10.26 10.7 (10) 20.7 (20) 10.0 (10) 240 , 14 
10 20 10.24 19.8 (20) 29.7 (30) 9.9 (10) 240 , 8 
10 40 10.23 39.6 (40) 49.6 (50) 10.0 (10) 240 , 6 

 

t(Si) t(polym) IMFP start end t'(Si) U3(C,D) 
1 5 12.31 5.1 (5) 6.1 (6) 1.0 (1) 510 , 400 
1 10 12.40 9.9 (10) 10.9 (11) 1.0 (1) 540 , 400 
1 20 12.44 19.0 (20) 20.0 (21) 1.0 (1) 540 , 350 
1 40 12.47 39.4 (40) 40.4 (41) 1.0 (1) 550 , 400 
5 5 11.76 4.8 (5) 9.8 (10) 5.0 (5) 430 , 350 
5 10 12.06 9.8 (10) 14.8 (15) 5.0 (5) 470 , 400 
5 20 12.25 19.5 (20) 24.5 (25) 5.0 (5) 510 , 400 
5 40 12.37 40.6 (40) 45.6 (45) 5.0 (5) 540 , 450 
10 5 11.39 4.7 (5) 14.7 (15) 10.0 (10) 350 , 300 
10 10 11.73 9.1 (10) 19.2 (20) 10.1 (10) 440 , 400 
10 20 12.06 19.7 (20) 29.7 (30) 10.0 (10) 480 , 450 
10 40 12.26 39.6 (40) 49.6 (50) 10.0 (10) 520 , 450 

 

t(Si) t(Au) IMFP start end t'(Si) U2(C) 
1 5 5.45 4.7 (5) 5.7 (6) 1.0 (1) 900  
1 10 5.20 9.7 (10) 10.7 (11) 1.0 (1) 1280 
1 20 5.06 19.6 (20) 20.6 (21) 1.0 (1) 1500 
1 40 5.00 37.5 (40) 38.5 (41) 1.0 (1) 1600 
5 5 6.76 4.9 (5) 9.9 (10) 5.0 (5) 900 
5 10 6.01 10.0 (10) 15.0 (15) 5.0 (5) 1100 
5 20 5.53 19.9 (20) 24.9 (25) 5.0 (5) 1360 
5 40 5.25 39.7 (40) 44.7 (45) 5.0 (5) 1520 
10 5 7.75 4.6 (5) 14.6 (15) 10.0 (10) 900 
10 10 6.72 10.1 (10) 20.1 (20) 10.0 (10) 1200 
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10 20 5.99 20.6 (20) 30.6 (30) 10.0 (10) 1500 
10 40 5.51 41.1 (40) 51.0 (50) 9.9 (10) 1500 
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Figure 1: Inelastic background modelling of the Ti 1s spectrum measured at SOLEIL synchrotron with a photon energy of 
7994.6 eV 9 (calibration performed on the Au 4f5/2 peak located at 7906.9 eV kinetic energy) (left) fitting with U3 cross-
section C,D = 270,150. (right) fitting with effective inelastic scattering cross-section 50% Al 50% universal (U2(1643)) 
 

Figure 2: structure of virtual stacks used for the analysis. 

 

Figure 3: Quases-Analyze software window used to create optimized inelastic scattering cross-sections.    

 

Figure 4: Inelastic background analysis created with Quases-Generate software (top spectra) from Au reference 
measured at Al Kα photon energy (bottom spectra) from Si reference measured in synchrotron at 7938 eV. U2 or U3 
cross-section were used on the 4 different spectra (top left) Au(1 nm) buried under Al(6 nm), (top right) Au(3 nm) buried 
under polymer(6 nm), (bottom left) Si(5 nm) buried under Al(40 nm) and (bottom right) Si(10 nm) buried under Au(10 
nm). 

 

Figure 5: (left): thickness for all samples tested, (right): Start and end depth for all samples tested. 
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