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Abstract 
The approach of inelastic background analysis was previously demonstrated to be a 

useful tool for retrieving the depth distribution of buried layers with an accuracy which is 

better than 5% even for some complex samples. 

This paper presents a study which attempt at rationalizing the approach by exploring 

how to make the best choice of the inelastic mean free path and the inelastic scattering 

cross-section which are the two main input parameters needed in the analysis. To this end, 

spectra from buried layers were created with Quases-Generate© software. The layers 

consisted of Si 1s recorded at 6099 eV and Au 4d recorded at 1150 eV kinetic energy 

buried under overlayers of Si, Au, Al, polymer or Ta. Spectra from samples with a wide 

range of buried-layer thickness and overlayer thickness were created. Subsequently, these 

spectra were analyzed with Quases-Analyze© software and for each case the analysis was 

done with different combinations of the input parameters. Among these, the best choice for 

all cases was to use an effective IMFP and effective inelastic scattering cross-section with 

relative weights being half the thickness of the buried layer and the full thickness of the 

overlayer. This general formula together with a new version of the software makes the 

inelastic background analysis of buried layers faster and easier to apply even for non-

specialists. 
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Introduction 

Nowadays, X-ray Photoelectron Spectroscopy (XPS) is a well-known and widely 

used non-destructive technique for surface analysis. The inelastic background analysis of 

XPS spectra using Tougaard’s methodology [1] and the Quases-software package [2] is 

also a well-known method which permits to determine the elemental depth distribution over 

~ 8 times the inelastic mean free path (IMFP) [1]. This analysis has proven its efficiency 

over the years on a large range of samples combined with XPS [3–6] and more recently 

HAXPES [7–12]. However, the technique is still not widely used though in many cases a 

quick analysis can provide very useful information [1–6]. 

In principle inelastic background analysis can be performed by assuming a certain 

depth distribution, calculating the spectral modifications as the photoelectrons pass the 

structure and finally comparing the resulting spectrum to the measured. Facilities to do this 

are provided by the Quases-Generate© software. This is tedious work and, in many cases, 

hardly possible because primary excitation spectra from each atom is needed as well as the 

scattering properties of the various layers. A much simpler and faster procedure is provided 

by algorithms [1,13,14] implemented in the Quases-Analyze© software that allow to analyze 

the inelastic background in a single step. The only input needed are the IMFP and the 

inelastic scattering cross section. It should be noted that this procedure requires that all 

peaks in the analyzed energy region have the same depth distribution. This implies that one 

should not necessarily use the most intense peaks for analysis but rather first identify a 

peak (if possible) that may be quite weak but that is free from such interfering peaks. Note 

that signal intensity is not a major issue for a successful analysis. If such a peak is 

available, the analysis is straight forward and very fast. 

With HAXPES the energy range is much wider and it is often easier to find a peak 

without interference. The depth probed with HAXPES is also considerably larger compared 

to conventional X-ray sources and chances increases that scattering parameters vary 

considerable over the probed depth. This paper deals with this problem: what are the best 

effective parameters to be used?  

It was previously found [1] that in general the energy loss region up to 100-200 eV 

below the peak contains information primarily from depths < 5-10 IMFP and that the 
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intensity for larger energy loss has significant contribution from photoelectrons excited at 

depths > 10 IMFP. This is supported by a HAXPES study of Ru films on Si [15] where the 

spectrum could be followed over a 1000 eV energy loss range. It was found that information 

from atoms at depths up to 20 IMFP is possible. Similar observations were published by 

Shard and Spencer [16] for organic layers by observing the spectral changes over the full 

~1000 eV energy range of XPS excited by conventional Al K𝛼 radiation and they proposed 

a simple empirical approach to extract information on the thickness of organic layers. 

In this paper we consider the specific case of a buried layer. For analysis of a buried 

layer, one needs to account for the fact that the photo-electrons are transported through 

different materials, namely the buried layer itself and the overlayer. The background 

analysis is straightforward if the scattering properties of the material in the buried layer and 

the overlayer are similar. However, when these have quite different inelastic scattering 

properties, it is not clear which values should be used for the IMFP and the inelastic 

scattering cross-section for the inelastic background analysis. This paper aims to find 

general criteria for making the best choice for these parameters by investigating a range of 

samples with widely varying scattering properties. Silicon and gold buried layers were 

considered in this study as the corresponding inelastic scattering cross-section are well-

known for these materials. The reference spectra needed to create the model spectra were 

for Si 1s recorded with synchrotron source at high energy and Au 4d with a classical 

laboratory Al K𝛼 source to test the criteria for laboratory XPS and HAXPES experiments. 

The notions of effective inelastic scattering cross-section [10] and effective IMFP [12] 

were introduced for cases where the electrons have passed through materials with widely 

different inelastic scattering cross-sections. It was shown that it is not obvious which 

effective cross-section should be used even for well-known samples [12]. It was also shown 

that the analysis can become very time-consuming especially for unknown samples for 

which a wide range of depth distribution but also many combinations of IMFPs and inelastic 

scattering cross-sections have to be tested in order to find the most accurate modeling of 

the inelastic background.  

In this paper, we report on the results of a systematic study by first creating model 

spectra from different buried layers with Quases-Generate© software and subsequently 
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analyzing the created spectra with Quases-Analyze© software [2]. The softwares have a 

different working, Generate© permits to create a virtual spectrum by adding the effect when 

the electrons travel through each layer one by one and need a reference spectrum of a bulk 

sample to proceed and Analyze© permits to model the effect of the electron travelling 

through the whole stack and need “effective” input parameters, representative of all the 

crossed layers. The goal of this study is to determine the best choice of the effective IMFP 

and the effective inelastic scattering cross-section for inelastic background analysis of a 

buried layer. Spectra from a wide range of materials, buried-layer thickness, and overlayer 

thickness are considered. 

 

 

Description of the theoretical procedure 

With the Quases-Generate© software, it is possible to generate XPS spectra 

corresponding to different depth distributions. Here, we first create spectra for a range of 

depth profiles using the IMFP and inelastic scattering cross-section valid for the individual 

layers. Subsequently, these are analyzed by Quases-Analyze© using various effective 

IMFPs and effective inelastic scattering cross-sections. The best combination of effective 

cross-section and IMFP are those that give the best overall agreement with the true depth 

distribution. 

 

Generation of the spectra 

Spectra are created for virtual stacks consisting in a buried layer and an overlayer of 

different materials (see Fig. 1(A)). This study is very useful for the case where the two 

materials have quite different inelastic scattering cross-sections and IMFPs and for this 

reason, the materials studied here are, besides the Universal cross-section (which is a 

good approximation for Au and for many transition metals and their oxides), the Al, polymer, 

Si, and Ta cross-sections as seen in Fig. 1(B). The Universal, Al and polymer cross-

sections used are implemented in the software, these are 3-parameters universal cross-

sections [6]. The Si and Ta cross-sections are calculated from REELS analysis. Note that 

the inelastic scattering cross-sections calculated by REELS are not available for all 

This article is protected by copyright. All rights reserved.
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materials and this is a possible limitation of the practical application of the method. 

However, in the future we plan to study if empirical 3-parameters cross-sections can be 

used instead (see the discussion section below). 

 
Figure 1: A) Composition of virtual stacks used for the study B) Cross-sections of 

the materials used in virtual stacks 
 

Since the inelastic scattering properties of the buried- and the overlayer are different, 

the spectra are made in two steps (see Fig. 2). The first step is the generation of the 

spectrum from the “buried” layer. To do this, we need as input the reference spectrum 

recorded from a bulk sample of the buried-layer material and the inelastic scattering cross-

section and IMFP for this material. For the buried layers we consider the two materials Au 

and Si which have widely different cross-sections (Fig. 1(B)). The spectra are calculated 

from an Au 4d reference spectrum recorded at 1152 eV kinetic energy, excited with a 

conventional Al Kα X-ray source, with IMFP = 1.36 nm and from a Si 1s reference spectrum 

recorded at 6099 eV kinetic energy, excited with synchrotron radiation, with IMFP = 10.33 

nm. For Si, we use the inelastic scattering cross-section calculated from REELS analysis 

and recorded at 10 keV from [17] and for Au we used the universal cross-section [18] which 

is a very good approximation for Au.  

 

A B
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Reference spectra were recorded from a clean Au foil and a clean Si sample respectively 

and were corrected for the energy dependence of the analyzer transmission and then used 

as input in Quases-Generate© together with IMFP, inelastic scattering cross-section and 

thickness of the layer. This is the spectrum from the “buried” layer (without overlayer) i.e. 

the spectrum from step 1 in Fig.2. 

The second step consists in the addition of the modifications caused by inelastic scattering 

when the electrons from the buried layer pass through the overlayer. To do this, the 

spectrum generated from step 1 was taken as input in Quases-Generate©. It is a technical 

feature of this software that the changes in a spectrum due to inelastic scattering when 

electrons are transported through an overlayer of thickness d can be calculated with the 

spectrum as input and assuming a buried layer with 1 Å thickness at depth d using the 

propertiesof the overlayer described by the IMFP, inelastic scattering cross-section and 

thickness of the overlayer material. The validity of this procedure can easily be proven by 

producing spectra with this procedure from a buried layer and overlayer of equivalent 

scattering properties and subsequently analyze these with Quases-Analyze©. 

We have considered Al, Si, Ta, polymer and Au overlayers as these present widely different 

inelastic scattering cross-sections and IMFPs and are representative of a wide range of 

samples encountered in practical works.  

 
Figure 2: Steps used to generate the spectrum from a buried layer. 

 

 

Analysis of the spectra 

The generated spectra were analyzed with Quases-Analyze© software as shown in 

Figure 3. This figure shows the generated spectrum from Step 2 (black curve), the assumed 

d1

d2

Step 1 Step 2

d2 – d1

00
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position of the buried layer (specified by the start depth 𝑑1 and end depth 𝑑2), the modeling 

of the inelastic background (pink curve) and the resulting subtracted spectrum (green 

curve).  

The inputs to analyze a spectrum with the Quases-Analyze© software are the IMFP and the 

inelastic scattering cross-section. When these values are very different for the buried layer 

and the overlayer we can use an effective IMFP, and an effective inelastic scattering cross-

section. Ideally, the determined depth distribution should be the same as the input depth 

distribution used to generate the spectrum with Quases-Generate©. This will be used as a 

criterion to determine the quality of the analysis. In addition, the modeled inelastic 

background shape should be close to the generated spectral shape which is used as an 

adjustment criterion for the analysis with a given set of effective IMFP and cross-section. In 

this way, combinations of effective IMFP and effective inelastic scattering cross-section are 

tested and the depth distribution is varied until the shape of the background matches the 

spectrum in a wide energy range below the peak. The “best” set is theone which gives the 

closest agreement with the true depth distribution. 

The IMFP for the pure materials were evaluated with the free QUASES-IMFP-TPP2M 

calculator [2] which uses the TPP-2M formula [19–21] and the effective inelastic scattering 

cross-section is created from the two individual cross-sections of the materials composing 

the virtual stack. This is conveniently done using a new facility in version 7.00 of the 

Quases-Analyze© software (see the window in the lower left part of Fig. 3).  
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Figure 3: Print screen of the analysis of a spectrum with Quases-Analyze© software 

 

 

Need for an effective cross-section 
As shown in references [10–12], the effective IMFP, IMFPeff, may be calculated as a 

weighted sum of the individual IMFPs of each material. Equation (1) gives the calculation 

made for the IMFP chosen as input parameter in the software. 

 

𝐼𝑀𝐹𝑃𝑒𝑓𝑓 = 𝐴 × 𝐼𝑀𝐹𝑃𝑂𝑣𝑒𝑟𝑙𝑎𝑦𝑒𝑟 + 𝐵 × 𝐼𝑀𝐹𝑃𝐵𝑢𝑟𝑖𝑒𝑑 𝑙𝑎𝑦𝑒𝑟                         (1) 

 

where A and B will depend on the thicknesses of the overlayer and of the buried layer. 

The cross-section has also been chosen as a weighted sum of the individual cross-sections 

of each material in references [10,12]. Equation (2) provides the calculation made for the 

effective cross-section, Keff, chosen as input parameter in the software. 
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𝐾𝑒𝑓𝑓 = 𝐶 × 𝐾𝑂𝑣𝑒𝑟𝑙𝑎𝑦𝑒𝑟 + 𝐷 × 𝐾𝐵𝑢𝑟𝑖𝑒𝑑 𝑙𝑎𝑦𝑒𝑟                                   (2) 

 

where C and D also depend on the thicknesses of the overlayer and buried layer.  

Many combinations of A and B, and of C and D were tested and the one givingthe best 

agreement with the expected profile were selected. In this way we determine a general 

guide for the best choice of parameters A, B, C, and D. 

Figure 4(A) (black curve) shows the Si 1s spectrum generated from a virtual stack made of 

a 5 nm-thick layer of Si buried under 10 nm of Au. Figure 4(B) (black curve) shows the Au 

4d spectrum generated from a virtual stack made of a 5 nm-thick layer of Au buried under 8 

nm of Si. Also shown in Figures 4(A) and 4(B) are two inelastic background modelings for 

each spectrum, performed with the Si cross-section and the universal cross-section 

respectively and the corresponding determined values for the start depth 𝑑1 and the end 

depth 𝑑2 which result in a good match of the background in an energy region far below the 

peak. We see that in all cases the shapes of the model spectra do not match the initial 

spectrum except for the use of the Si cross section in panel (B). Furthermore, the depth 

distributions are in all cases far from the true values although the deviation in the 

determined 𝑑1 and 𝑑2 from the true values are reduced to ~25-30 % when using the 

universal cross-section for case A and the Si cross-section for case B. 

Figure 4(C) shows the correlation curve of the results from analysis of spectra generated 

with a range of combinations of 𝑑1 and 𝑑2 compared to the true values (black line). We see 

that in general the results deviate considerably from the true values. 
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Figure 4: (A): inelastic background analysis of a spectrum created for a virtual stack 
of a 5 nm-thick Si layer buried under 10 nm of Au. (B): inelastic background analysis 
of a spectrum created for a virtual stack of a 5 nm-thick Au layer buried under 8 nm 
of Si.  (C): comparison of the results from samples of (A) and (B)with the true values 

(black line). 
 

This shows that the use of an effective cross-section is very important when the two layers 

have very different cross-sections (Fig. 1B) as in this case with Si and Au (Fig. 4).    

 

 

 

 

 

C

RMS(d1) = 46.47%
RMS(d2) = 79.73%

Si
Au

10 nm

15 nm

Au
Si

8 nm

13 nm

A

B
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B tB

tA

d1

d2

Study of different combinations of input parameters 
Virtual stacks tested 

The virtual stacks considered here consistof a buried layer of Au or Si covered by an Au, Si, 

Al, polymer or Ta overlayer.  

The Au 4d spectra were generated from stacks consisting of a buried layer of gold 

(1, 3 or 5 nm-thick) covered by an Al, Si, Ta or polymer overlayer (4, 6 or 8 nm-thick). In this 

way, 36 different virtual samples which involve different overlayer materials which present 

quite different IMFP and cross-section shapes (Fig. 1(B)) were analyzed. These samples 

are representative of a typical XPS analysis since the Au reference was recorded with a 

conventional Al-Kα X-ray source (peak at 1152 eV kinetic energy).  

The Si 1s spectra were created from stacks consisting of a Si buried layer (1 nm, 5 

nm, 10 nm or infinitely-thick) covered by an overlayer of Al, Au, Ta or polymer (of thickness 

5 nm, 10 nm, 20 nm or 40 nm). Here, 60 different virtual stacks were tested, characterized 

by a large range of IMFPs and cross-sections. These samples will be representative of 

synchrotron HAXPES experiments since the Si reference was recorded with 7.938 keV 

hard X-rays (peak at 6099 eV kinetic energy). 

 

Effective cross-section and IMFP 
The proportions of each individual cross-section and IMFP in the calculation of the effective 

cross-section and effective IMFP are expected to be related to the thicknesses of the 

material layers involved in the stack. 

In our previous analyses [11,12], we considered the following formulae for the effective 

cross-section, Keff, and effective IMFP, IMFPeff: 

 

𝐼𝑀𝐹𝑃𝑒𝑓𝑓 = 𝑡𝐴
𝑡𝐴+𝑡𝐵

× 𝐼𝑀𝐹𝑃𝐴 + 𝑡𝐵
𝑡𝐴+𝑡𝐵

× 𝐼𝑀𝐹𝑃𝐵                (3) 

 

𝐾𝑒𝑓𝑓 = 𝑡𝐴
𝑡𝐴+𝑡𝐵

× 𝐾𝐴 + 𝑡𝐵
𝑡𝐴+𝑡𝐵

× 𝐾𝐵                        (4) 
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where tA is the thickness of the buried layer of material A, tB is the overlayer thickness 

(material B), KA and IMFPA are the cross-section and IMFP of material A and KB and IMFPB 

the cross-section and IMFP of material B, respectively. 

However, since the electrons from atoms A in the buried layer do not all come from the 

deeper interface, it might be expected that only half the thickness of the layer for material A 

should be considered effectively. This consideration will model that on average, the 

electrons collected come from the middle of the layer which is a reasonable assumption 

provided that the information depth is sufficient to probe the entire buried layer. This yields 

the following equations: 

 

 𝐼𝑀𝐹𝑃𝑒𝑓𝑓__  12
=

1
2𝑡𝐴

1
2𝑡𝐴+𝑡𝐵

× 𝐼𝑀𝐹𝑃𝐴 + 𝑡𝐵
1
2𝑡𝐴+𝑡𝐵

× 𝐼𝑀𝐹𝑃𝐵                                (5) 

 

𝐾𝑒𝑓𝑓__ 12
=

1
2𝑡𝐴

1
2𝑡𝐴+𝑡𝐵

× 𝐾𝐴 + 𝑡𝐵
1
2𝑡𝐴+𝑡𝐵

× 𝐾𝐵                                            (6) 

 

To investigate the influence of these choices, we tested the four possible combinations of 

these effective input-parameters for all the virtual samples created. The values for 𝑑1 and 

𝑑2 were determined in each case by varying 𝑑1 and 𝑑2 until the best realistic fit of the 

background was obtained. The results are given in the Appendix. 

As an example, Figure 5 shows the analysis of the Si 1s spectrum from a 10 nm thick Si 

layer buried under 10 nm of Ta. The analysis is shown for different values of 𝑑1 and 𝑑2 with 

variations of ± 1 nm for Keff_1/2 and IMFPeff_1/2 combination on Figure 5(A). It is clear that the 

fit for 10 to 20.2 nm (red curve) gives the best match with the generated spectrum (black 

curve). The same analysis is shown with the best depth distribution for the different 

combinations of effective cross-section and IMFP on Figure 5(B) (see Appendix for depth 

distribution values). It is clear that the best results are obtained with the effective cross-
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section Keff_1/2 and the shape of the background is a bit closer to the generate spectrum for 

IMFPeff_1/2. 

 
Figure 5: Inelastic background analysis of Si spectrum from the Si(10 nm)/Ta(10 nm) 

sample, A) depth distribution adjustment of the modeling for Keff_1/2 and IMFPeff_1/2 
combination B) best background modeling for different combinations of effective 

cross-section and IMFP. 
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Results 
Comparison of the results for all samples 

Figure 6 shows the results for all considered stacks. The determined depths 𝑑1 and 𝑑2 are 

plotted against the true depths, i.e. the input 𝑑1 and 𝑑2 (black lines). The results are 

presented for the four combinations of input parameters as explained in eq. (3-6). Also 

shown are Root Mean Square (RMS) deviations from the true values calculated as: 

 

𝑅𝑀𝑆(𝑑) = �1
𝑁
∑ �𝑑−𝑑𝑡𝑟𝑢𝑒

𝑑𝑡𝑟𝑢𝑒
�
2

𝑁
𝑖=1                                                 (7) 

 

where N is the number of values tested for d1 and d2. 

It is clear that the determined depths deviate more from the true depths for combinations 

(C) and (D) where Keff is used and therefore Keff_1/2 is the best choice.  The results are also 

closer to the true values for IMFPeff_1/2(A) than for IMFPeff(A). 

The best combination of input parameters is therefore Keff_1/2 and IMFPeff_1/2 because it 

gives quite accurate results for all samples tested, the RMS deviations being only 13.7% on 

d1 and 5.6% on d2. There are however a few outliers in Figure 6(A) and it is also noted that 

the deviation is smaller for small depths. 
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Figure 6: Start and end depth for the 4 combinations of effective input parameters 

used in analysis of spectra from all 96 samples.
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In the following, we will therefore study the results for the different types of stacks 

individually, in order to determine the best choice of input parameters depending on the 

materials involved. 

 

Si buried-layer under an Al overlayer 

Figure 7 presents the results for stacks with varying thicknesses of a Si layer buried under 

an Al layer. The determined depths d1 and d2 are plotted against the true depths and 

presented for the four combinations of input parameters: (A), (B), (C) and (D). 

As seen before, Keff_1/2 provides the best results since the analysis values are closer to the 

true depths (Fig. 7 (A) and (B)). The results are more accurate for small thicknesses and 

the use of IMFPeff or IMFPeff_1/2 does not make any significant difference (similar RMS 

values in (A) compared to (B) and in (C) compared to (D)). This is expected as the Si IMFP 

is 10.33 nm and the Al IMFP is 10.21 nm, the variations on the calculated IMFPs are 

smaller than 0.1 nm which makes no difference in the modeling. 

To conclude, Keff_1/2 is the best choice of input parameter and for materials with similar 

IMFP values, the IMFP does not vary sufficiently to allow a choice between IMFPeff and 

IMFPeff_1/2, as seen with the RMS values of Fig. 7 (A) and (B).  
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Figure 7: start and end depth for 4 combinations of effective input parameters and 

for a Si layer buried under Al.
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Si buried-layer under a polymer overlayer 

Figure 8 presents the results for stacks with varying thicknesses of a Si layer buried under a 

polymer layer. The determined depths d1 and d2 are plotted against the true depths and 

presented for the four combinations of input parameters: (A), (B), (C) and (D). 

At 6100 eV the polymer IMFP (12.5 nm)is higher than the Si IMFP (10.33 nm) and the 

cross-sections are very different (see Fig. 1(B)). 

Keff_1/2 gives better results ((A) and (B) compared to (C) and (D)) and IMFPeff(B) is better 

than IMFPeff_1/2(A) according to the RMS values of 7.9% and 4.8% for d1 and d2, 

respectively. 

In this case, for thicknesses of Si larger than 1 nm, the shapes (not shown) of the inelastic 

background modeling are also clearly better for Keff_1/2. 
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Figure 8: start and end depth for 4 combinations of effective input parameters and 

for a Si layer buried under polymer.
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Si buried-layer under a Ta overlayer 

Figure 9 presents the results for stacks with varying thicknesses of a Si layer buried under a 

Ta layer. The determined depths d1 and d2 are plotted against the true depths and 

presented for the four combinations of input parameters: (A), (B), (C) and (D). 

The Ta cross-section is similar to the polymer cross-section (see Fig. 1(B)) and the IMFP at 

6100 eV is smaller for the polymer (7.0 nm) compared to Si (10.33 nm). 

The results are closer to the true depths for combination (A), Keff_1/2 with IMFPeff_1/2 (see 

RMS values in Fig. 9 (A) compared to (B), (C) and (D)). All combinations give extremely 

close RMS deviation values but the shapes of the inelastic background modeling (not 

shown) are also better accounted for with Keff_1/2, for a Si buried layer thicker than 1 nm. 

Then for a Ta overlayer presenting a quite small IMFP compared to Si but similar in cross-

section to a polymer, IMFPeff_1/2 combined with Keff_1/2 is preferable. 
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Figure 9: start and end depth for four combinations of effective input parameters and 

for a Si layer buried under Ta.
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Si buried-layer under an Au overlayer 

Figure 10 presents the results for stacks with varying thicknesses of a Si layer buried under 

an Au layer. The determined depths d1 and d2 are plotted against the true depths and 

presented for the 4 combinations of input parameters: (A), (B), (C) and (D). 

The Au cross-section (here taken as the universal cross section) is the most different from 

the Si cross-section compared to others cross-sections (see Fig. 1(B)). The Au IMFP (4.9 

nm) is also much smaller compared to the Si IMFP (10.33 nm). This is probably the reason 

why the deviation of the resulting values is larger than for the previous cases.  

Moreover, the shapes of the inelastic background modeling appear to be closer to the 

spectrum with Keff_1/2 for buried layers thicker than 1 nm. 

However, it is clear from Fig. 10 that combination (A) presents the closest results to the true 

depths and smallest RMS values (31.1% and 6.8% for d1 and d2, respectively). Then the 

combination Keff_1/2 with IMFPeff_1/2 is the best choice in this case.  
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Figure 10: start and end depth for 4 combinations of effective input parameters and 

for a Si layer buried under Au.
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Au buried-layer under an Al overlayer 

Figure 11 presents the results for stacks with varying thicknesses of an Au layer buried 

under an Al layer. The determined depths d1 and d2 are plotted against the true depths and 

presented for the four combinations of input parameters: (A), (B), (C) and (D). 

At the kinetic energy of Au 4d (1152 eV) the Au IMFP (1.4 nm) is very small compared to 

the Al IMFP (2.6 nm). The cross-sections of Au and Al are also very different (see Fig. 

1(B)). 

From Fig. 11, it is clear that combination (D) exhibits the worst results and combination (A) 

shows the closest results to the true depths, RMS deviation values are 5.9% for d1 and 

5.9% for d2. Therefore, the Keff_1/2 combined with IMFP1/2 appears to be the best choice of 

input parameters for this stack with materials of quite different IMFPs and cross-sections. 
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Figure 11: start and end depth for 4 combinations of effective input parameters and 

for an Au layer buried under Al.
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Au buried-layer under a polymer overlayer 

Figure 12 presents the results for stacks with varying thicknesses of an Au layer buried 

under a polymer layer. The determined depths d1 and d2 are plotted against the true depths 

and presented for the four combinations of input parameters: (A), (B), (C) and (D). 

At 1152 eV, the polymer IMFP is 3.2 nm compared to 1.4 nm for Au. In this case of 

materials presenting quite close cross-sections (see Fig. 1(B)) and very different IMFPs. 

Figures 12(A) and (B) show clearly that Keff_1/2 gives the best results as the RMS deviation 

values are the best. However, combination (B) shows the smallest RMS deviation values 

5.0% and 5.6% for d1 and d2, respectively. Therefore, IMFPeff gives better results than 

IMFPeff_1/2. 

This gives the same result as for a Si layer buried under polymer. The best combination of 

input parameters for polymers is Keff_1/2 with IMFPeff.  
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Figure 12: start and end depth for 4 combinations of effective input parameters and 

for an Au layer buried under polymer.
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Au buried-layer under a Ta overlayer 

Figure 13 presents the results for stacks with different thicknesses of an Au layer buried 

under a Ta layer. The determined depths d1 and d2 are plotted against the true depths and 

presented for the four combinations of input parameters: (A), (B), (C) and (D). 

At the 1152 eV kinetic energy of Au 4d, the Ta IMFP is 1.9 nm which is close to the Au 

IMFP (1.4 nm) and their cross-sections are also close (see Fig. 1(B)). 

Figure 13(A) shows the smallest RMS deviation values of 1.1% for d1 and 6.3% for d2. 

Then, Keff_1/2 combined with IMFPeff_1/2 is the best choice of input parameters for the 

method. This is the result for quite close individual cross-sections and quite close material 

IMFPs. 

 

 
Figure 13: start and end depth for 4 combinations of effective input parameters and 

for an Au layer buried under Ta.
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Au buried-layer under a Si overlayer 

Figure 14 presents the results for stacks with varying thicknesses of an Au layer buried 

under a Si layer. The determined depths d1 and d2 are plotted against the true depths and 

presented for the four combinations of input parameters: (A), (B), (C) and (D). 

At the kinetic energy of Au 4d, the IMFP for Si is (2.7 nm) and for Au (1.4 nm). The IMFPs 

and cross-sections of the involved materials are very different in this case (see Fig. 1(B)). 

We are in a similar case to the one with Au buried under an Al overlayer. Combinations (A) 

and (B) present the smallest RMS deviation values which indicates that the Keff_1/2 gives the 

best results. 

IMFPeff_1/2 is also the best choice as in the Al overlayer case but RMS values for 

combination A are very close to RMS values for combination B. 

Then Keff_1/2 with IMFPeff_1/2 is the best choice of input parameters for this stack containing 

materials with quite different IMFPs and cross-sections. 
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Figure 14: start and end depth for 4 combinations of effective input parameters and 

for an Au layer buried under Si.
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Discussion 
Table 1 is a summary of the results obtained in this systematic study. In all cases, except 

for polymer overlayers, it is found that the best choice of effective IMFP and cross-section is 

given by eqs.(5) and (6),i.e., weighing the values of the two materials by half the thickness 

of the buried layer and the full thickness of the overlayer. This combination is denoted 

Keff_1/2 with IMFPeff_1/2. 

For polymers, the best solution is to consider the complete thickness of the buried layer for 

the IMFP in eq.(3) while using eq.(6) for the cross section, this combination is denoted: 

Keff_1/2 with IMFPeff. However, the results for IMFPeff and IMFPeff_1/2 are very close as seen in 

Figs. 8 and 12. So, as a general rule, we conclude that the effective IMFP, the effective 

inelastic scattering cross-section and start and end depth of the layer should be linked by 

eqs. (5) and (6). 

 
This guidance for the choice of the input parameters makes data analysis of buried layers 

with Quases-Analyze© faster to perform because the choice of IMFPeff and Keff is restrained 

by the use of eqs. (5) and (6). This improves the accuracy of the analysis and will be very 

useful for practical analysis. With version 7.00 of the Quases-Analyze© software, the user 

can easily create and directly apply this effective inelastic scattering cross-section and 

furthermore the software automatically determines the best values for 𝑑1 and 𝑑2 which 

gives a minimum in the RMS deviation between experiment and model background. 

 

An alternative approach to taking the weighted average of the cross-sections as done here 

could be to adjust the parameters that define the Universal 3-parameters cross-section until 

a good fit with the background can be obtained. This facility has also been implemented in 

Ver. 7.00 of the Quases software. The advantage of this procedure would be that it does 

not require that the cross-sections for the individual layers are known. The resulting 

analysis is expected to be less accurate than the one presented here but to determine the 

limitations we plan to investigate the validity of this procedure in the future.  
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It should be noted that we have only used here the information from the shape (and not the 

intensity) of the “measured” spectrum to determine the depth of the buried layers in the 

sample. An additional criterion can be used in the software [1,2] to enhance the accuracy of 

inelastic background analysis, namely, by direct comparison on an absolute scale of the 

background corrected spectrum with the background corrected reference spectrum. From 

previous results [1,2,12], it is expected that this would only improve the values of 𝑑1 and 𝑑2 

slightly but that it would improve the determined thickness (𝑑2 − 𝑑1) of the buried layer 

somewhat to become closer to the true thickness [1].
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Conclusion 

It is well known that the location of a buried layer can be determined by analysis of the 

inelastic background in XPS. However, when the inelastic scattering properties are very 

different for the buried layer and the overlayer materials, the best choice for these two 

required inputs in the analysis, namely, the inelastic scattering cross-section and the 

IMFPis not obvious. In this work we found rules by testing different combinations of the 

inelastic mean free path and the inelastic scattering cross-section for a large range of 

samples. The spectra were created with Quases-Generate© software for spectra recorded 

both with 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 with relative weights being 

half the thickness of the buried layer and the full thickness of the overlayer. 

 

This guidance for the choice of the input parameters together with the availability of a new 

version of the software makes the analysis of buried layers faster, easier to apply and more 

user-friendly even for non-specialists. 
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Sample Best IMFP Best cross-section 

Al/Si IMFP1/2 Keff_1/2 

Polymer/Si IMFP Keff_1/2 

Ta/Si IMFP1/2 Keff_1/2 

Au/Si IMFP1/2 Keff_1/2 

Al/Au IMFP1/2 Keff_1/2 

Polymer/Au IMFP Keff_1/2 

Ta/Au IMFP1/2 Keff_1/2 

Si/Au IMFP1/2 Keff_1/2 

 
Table1: best input parameters choice for the different samples tested. 
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Appendix: Complete table of analysis results 

 
This appendix presents the results for the 4 combinations of input parameters for all cases of this 
study. The left panels show the nominal thicknesses and the applied IMFP and cross sections. The 
right panels show the resulting values for start depth, end depth and thickness. All units are in nm 
except for Keff.  
 
 

 

 

 

 

 

 

   Keff_1/2  Keff  Keff Keff_1/2 

t Au t Al IMFPeff_1/2 % Au % Al IMFPeff % Au % Al  IMFPeff_1/2 IMFPeff IMFPeff_1/2 IMFPeff 

         start end t start end t start end t start end t 
1 4 2.49 11.11 88.89 2.38 20.00 80.00  4.5 5.7 1.2 4.3 5.5 1.2 4.4 5.5 1.1 4.1 5.2 1.1 
1 6 2.54 7.69 92.31 2.45 14.29 85.71  6.7 8.0 1.3 6.4 7.7 1.3 6.5 7.7 1.2 6.3 7.5 1.2 
1 8 2.56 5.88 94.12 2.49 11.11 88.89  8.8 10.1 1.3 8.5 9.8 1.3 8.6 9.8 1.2 8.4 9.6 1.2 
3 4 2.29 27.27 72.73 2.09 42.86 57.14  4.3 7.7 3.4 3.9 7.5 3.6 4.2 7.1 2.9 3.8 6.9 3.1 
3 6 2.38 20.00 80.00 2.21 33.33 66.67  6.5 10.4 3.9 6.0 10.2 4.2 6.3 9.4 3.1 5.8 9.0 3.2 
3 8 2.43 15.79 84.21 2.29 27.27 72.73  8.6 12.8 4.2 8.0 12.4 4.4 8.4 11.7 3.3 7.8 11.1 3.3 
5 4 2.14 38.46 61.54 1.93 55.56 44.44  4.1 10.0 5.9 3.5 9.7 6.2 4.1 9.2 5.1 3.5 8.5 5.0 
5 6 2.26 29.41 70.59 2.06 45.45 54.55  6.1 12.0 5.9 5.5 13.8 8.3 6.1 11.1 5.0 5.4 10.4 5.0 
5 8 2.33 23.81 76.19 2.14 38.46 61.54  8.1 13.8 5.7 7.4 14.5 7.1 8.1 13.0 4.9 7.4 13.0 5.6 

   Keff_1/2  Keff  Keff Keff_1/2 

t Au t Si IMFPeff_1/2 % Au % Si IMFPeff % Au % Si  IMFPeff_1/2 IMFPeff IMFPeff_1/2 IMFPeff 

         start end t start end t start end t start end t 
1 4 2.51 11.11 88.89 2.40 20.00 80.00  4.5 5.7 1.2 4.2 5.4 1.2 4.3 5.4 1.1 4.1 5.2 1.1 
1 6 2.56 7.69 92.31 2.47 14.29 85.71  6.7 7.9 1.2 6.4 7.6 1.2 6.5 7.6 1.1 6.2 7.3 1.1 
1 8 2.58 5.88 94.12 2.51 11.11 88.89  8.8 10.2 1.4 8.6 9.9 1.3 8.6 9.8 1.2 8.3 9.5 1.2 
3 4 2.30 27.27 72.73 2.10 42.86 57.14  4.4 8.0 3.6 3.9 7.5 3.6 4.2 7.1 2.9 3.7 6.7 3.0 
3 6 2.40 20.00 80.00 2.22 33.33 66.67  6.5 10.3 3.8 6.0 10.1 4.1 6.3 9.4 3.1 5.8 9.0 3.2 
3 8 2.45 15.79 84.21 2.30 27.27 72.73  8.7 13.2 4.5 8.0 12.2 4.2 8.4 11.7 3.3 7.8 11.1 3.3 
5 4 2.16 38.46 61.54 1.94 55.56 44.44  4.2 11.1 6.9 3.6 11.5 7.9 4.1 9.1 5.0 3.5 8.5 5.0 
5 6 2.28 29.41 70.59 2.07 45.45 54.55  6.3 14.5 8.2 5.5 13.0 7.5 6.1 11.0 4.9 5.5 11.5 6.0 
5 8 2.35 23.81 76.19 2.16 38.46 61.54  8.2 14.6 6.4 7.4 14.2 6.8 8.2 13.7 5.5 7.4 13.0 5.6 
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   Keff_1/2  Keff  Keff Keff_1/2 

t Au t Po IMFPeff_1/2 % Au % Po IMFPeff % Au % Po  IMFPeff_1/2 IMFPeff IMFPeff_1/2 IMFPeff 

         start end t start end t start end t start end t 
1 4 3.00 11.11 88.89 2.83 20.00 80.00  4.6 5.7 1.1 4.3 5.5 1.2 4.3 5.3 1.0 4.1 5.1 1.0 
1 6 3.06 7.69 92.31 2.94 14.29 85.71  6.8 8.0 1.2 6.5 7.7 1.2 6.5 7.6 1.1 6.2 7.3 1.1 
1 8 3.09 5.88 94.12 3.00 11.11 88.89  8.9 10.2 1.3 8.6 9.9 1.3 8.6 9.7 1.1 8.3 9.4 1.1 
3 4 2.70 27.27 72.73 2.41 42.86 57.14  4.6 7.9 3.3 4.0 7.4 3.4 4.5 7.5 3.0 3.9 7.0 3.1 
3 6 2.83 20.00 80.00 2.59 33.33 66.67  6.8 10.4 3.6 6.1 9.7 3.6 6.6 9.7 3.1 5.9 9.0 3.1 
3 8 2.91 15.79 84.21 2.70 27.27 72.73  8.9 12.8 3.9 8.2 12.1 3.9 8.5 11.4 2.9 7.9 11.0 3.1 
5 4 2.49 38.46 61.54 2.18 55.56 44.44  4.4 9.8 5.4 3.6 8.9 5.3 4.3 9.0 4.7 3.6 8.7 5.1 
5 6 2.66 29.41 70.59 2.36 45.45 54.55  6.4 11.5 5.1 5.7 12.8 7.1 6.4 11.3 4.9 5.6 11.2 5.6 
5 8 2.76 23.81 76.19 2.49 38.46 61.54  8.6 14.5 5.9 7.6 13.8 6.2 8.5 13.7 5.2 7.5 12.7 5.2 
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   Keff_1/2  Keff  Keff Keff_1/2 

t Au t Ta IMFPeff_1/2 % Au % Ta IMFPeff % Au % Ta  IMFPeff_1/2 IMFPeff IMFPeff_1/2 IMFPeff 

         start end t start end t start end t start end t 
1 4 1.86 11.11 88.89 1.81 20.00 80.00  4.0 4.9 1.0 3.9 4.8 0.9 4.1 5.0 1.0 3.9 4.8 1.0 
1 6 1.87 7.69 92.31 1.84 14.29 85.71  6.0 6.9 0.9 5.8 6.7 0.9 6.0 6.9 0.9 5.9 6.8 0.9 
1 8 1.88 5.88 94.12 1.86 11.11 88.89  7.9 8.8 0.9 7.8 8.7 0.9 8.0 8.9 0.9 8.0 9.0 1.0 
3 4 1.77 27.27 72.73 1.68 42.86 57.14  4.0 6.9 2.9 3.8 6.9 3.1 4.0 6.8 2.8 3.8 6.8 3.0 
3 6 1.81 20.00 80.00 1.73 33.33 66.67  6.1 9.2 3.1 5.8 8.9 3.1 6.0 8.8 2.8 5.7 8.4 2.7 
3 8 1.83 15.79 84.21 1.77 27.27 72.73  8.0 10.7 2.7 7.8 10.9 3.1 8.1 11.1 3.0 7.7 10.5 2.8 
5 4 1.70 38.46 61.54 1.61 55.56 44.44  3.9 8.7 4.8 3.6 8.4 4.8 4.0 9.1 5.2 3.7 8.9 5.3 
5 6 1.75 29.41 70.59 1.66 45.45 54.55  5.9 10.6 4.7 5.6 11.7 6.1 5.9 10.4 4.5 5.6 11.2 5.6 
5 8 1.78 23.81 76.19 1.70 38.46 61.54  7.9 12.5 4.6 7.5 12.5 5.0 7.9 12.3 4.4 7.4 11.0 3.6 
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   Keff_1/2  Keff  Keff_1/2 Keff 

tSi tAl IMFPeff_1/2 % Si % Al IMFPeff % Si % Al  IMFPeff_1/2 IMFPeff IMFPeff_1/2 IMFPeff 

         start end t start end t start end t start end t 
1 5 10.23 9.09 90.91 10.24 16.67 83.33  5.2 6.2 1.0 5.2 6.2 1.0 5.2 6.2 1.0 5.2 6.2 1.0 
1 10 10.22 4.76 95.24 10.23 9.09 90.91  10.2 11.2 1.0 10.2 11.2 1.0 10.2 12.0 1.8 10.2 12.0 1.8 
1 20 10.22 2.44 97.56 10.22 4.76 95.24  21.2 22.0 0.8 21.2 22.0 0.8 11.6 22.8 11.2 11.6 22.8 11.2 
1 40 10.22 1.23 98.77 10.22 2.44 97.56  43.0 44.0 1.0 43.0 44.0 1.0 43.4 44.2 0.8 43.4 44.2 0.8 
5 5 10.26 33.33 66.67 10.28 50.00 50.00  5.0 10.0 5.0 5.0 10.0 5.0 6.0 11.0 5.0 6.0 11.0 5.0 
5 10 10.24 20.00 80.00 10.26 33.33 66.67  10.4 15.6 5.2 10.4 15.6 5.2 11.8 16.8 5.0 11.8 16.8 5.0 
5 20 10.23 11.11 88.89 10.24 20.00 80.00  21.4 26.4 5.0 21.4 26.4 5.0 23.0 28.0 5.0 23.0 28.0 5.0 
5 40 10.22 5.88 94.12 10.23 11.11 88.89  43.2 48.2 5.0 43.2 48.2 5.0 45.0 50.0 5.0 45.0 50.0 5.0 

10 5 10.28 50.00 50.00 10.30 66.67 33.33  5.0 15.0 10.0 5.2 15.0 9.8 5.8 15.8 10.0 6.0 16.0 10.0 
10 10 10.26 33.33 66.67 10.28 50.00 50.00  10.4 21.2 10.8 10.4 21.2 10.8 11.2 22.2 11.0 11.2 22.2 11.0 
10 20 10.24 20.00 80.00 10.26 33.33 66.67  21.6 31.6 10.0 21.6 31.6 10.0 22.6 32.8 10.2 22.6 32.8 10.2 
10 40 10.23 11.11 88.89 10.24 20.00 80.00  43.4 53.4 10.0 43.2 53.2 10.0 44.4 54.4 10.0 45.2 55.2 10.0 
Inf 10 102.50 50.00 50.00 102.50 66.67 33.33   11.0   11.0   11.8   11.8  
Inf 20 102.50 20.00 80.00 102.50 33.33 66.67   20.8   20.8   23.0   23.0  
Inf 40 102.50 5.88 94.12 102.50 11.11 88.89   40.6   40.6   42.6   42.6  
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   Keff_1/2  Keff  Keff_1/2 Keff 

tSi tAu IMFPeff_1/2 % Si % Au IMFPeff % Si % Au  IMFPeff_1/2 IMFPeff IMFPeff_1/2 IMFPeff 

         start end t start end t start end t start end t 
1 5 5.45 9.09 90.91 5.85 16.67 83.33  4.2 5.2 1.0 4.6 5.6 1.0 4.4 5.4 1.0 4.8 5.8 1.0 
1 10 5.21 4.76 95.24 5.45 9.09 90.91  9.4 10.2 0.8 9.8 10.8 1.0 8.2 9.4 1.2 8.6 9.6 1.0 
1 20 5.09 2.44 97.56 5.21 4.76 95.24  20.2 21.4 1.2 20.4 21.4 1.0 20.6 21.6 1.0 21.0 21.8 0.8 
1 40 5.02 1.23 98.77 5.09 2.44 97.56  40.4 41.6 1.2 40.6 41.6 1.0 41.8 42.8 1.0 43.0 44.0 1.0 
5 5 6.75 33.33 66.67 7.65 50.00 50.00  5.0 9.8 4.8 5.2 10.2 5.0 5.4 10.2 4.8 5.8 10.6 4.8 
5 10 6.03 20.00 80.00 6.75 33.33 66.67  10.2 15.4 5.2 11.8 16.8 5.0 11.2 16.2 5.0 12.8 17.8 5.0 
5 20 5.55 11.11 88.89 6.03 20.00 80.00  21.8 26.8 5.0 24.0 29.0 5.0 23.0 28.0 5.0 24.4 29.4 5.0 
5 40 5.27 5.88 94.12 5.55 11.11 88.89  41.6 46.8 5.2 42.8 47.8 5.0 41.2 46.0 4.8 42.6 47.6 5.0 

10 5 7.65 50.00 50.00 8.54 66.67 33.33  5.8 15.8 10.0 6.6 16.6 10.0 6.0 16.0 10.0 7.0 17.0 10.0 
10 10 6.75 33.33 66.67 7.65 50.00 50.00  12.4 22.4 10.0 14.4 24.4 10.0 12.8 22.8 10.0 14.8 24.8 10.0 
10 20 6.03 20.00 80.00 6.75 33.33 66.67  24.0 34.0 10.0 26.8 36.6 9.8 23.8 33.8 10.0 27.2 37.2 10.0 
10 40 5.55 11.11 88.89 6.03 20.00 80.00  42.4 52.4 10.0 44.6 54.6 10.0 41.8 52.0 10.2 44.6 54.6 10.0 
Inf 10 9.85 50.00 50.00 10.08 66.67 33.33   20.0   22.6   19.4   22.6  
Inf 20 8.80 20.00 80.00 9.44 33.33 66.67   29.5   32.0   30.5   33.5  
Inf 40 7.02 5.88 94.12 7.94 11.11 88.89   49.5   50.5   48.5   53.0  
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   Keff_1/2  Keff  Keff_1/2 Keff 

tSi tPo IMFPeff_1/2 % Si % Po IMFPeff % Si % Po  IMFPeff_1/2 IMFPeff IMFPeff_1/2 IMFPeff 

         start end t start end t start end t start end t 
1 5 12.30 9.09 90.91 12.14 16.67 83.33  4.2 5.2 1.0 4.2 5.2 1.0 3.4 4.4 1.0 3.8 4.8 1.0 
1 10 12.40 4.76 95.24 12.30 9.09 90.91  10.4 11.4 1.0 10.2 11.4 1.2 10.6 11.4 0.8 10.2 11.4 1.2 
1 20 12.45 2.44 97.56 12.40 4.76 95.24  20.4 21.4 1.0 20.8 21.8 1.0 20.4 21.2 0.8 21.0 22.0 1.0 
1 40 12.47 1.23 98.77 12.45 2.44 97.56  39.8 40.8 1.0 39.8 40.8 1.0 40.4 41.4 1.0 40.4 41.4 1.0 
5 5 11.78 33.33 66.67 11.42 50.00 50.00  5.4 10.4 5.0 5.6 10.4 4.8 6.0 11.0 5.0 6.4 11.4 5.0 
5 10 12.07 20.00 80.00 11.78 33.33 66.67  10.8 15.8 5.0 10.2 15.4 5.2 11.0 16.0 5.0 10.6 15.6 5.0 
5 20 12.26 11.11 88.89 12.07 20.00 80.00  20.8 25.6 4.8 21.2 26.0 4.8 21.4 26.4 5.0 21.2 26.2 5.0 
5 40 12.37 5.88 94.12 12.26 11.11 88.89  39.8 45.0 5.2 39.4 44.4 5.0 40.6 45.6 5.0 40.4 45.4 5.0 

10 5 11.42 50.00 50.00 11.06 66.67 33.33  5.4 15.4 10.0 5.2 15.2 10.0 5.6 15.6 10.0 6.0 16.0 10.0 
10 10 11.78 33.33 66.67 11.42 50.00 50.00  11.6 21.8 10.2 11.4 21.4 10.0 12.4 22.4 10.0 12.8 23.0 10.2 
10 20 12.07 20.00 80.00 11.78 33.33 66.67  22.8 32.8 10.0 22.0 32.0 10.0 23.8 34.0 10.2 22.4 32.4 10.0 
10 40 12.26 11.11 88.89 12.07 20.00 80.00  40.4 50.6 10.2 39.8 49.8 10.0 41.2 51.2 10.0 41.8 51.4 9.6 
Inf 10 11.42 50.00 50.00 11.06 66.67 33.33   11.4   11.0   11.6   11.4  
Inf 20 12.07 20.00 80.00 11.78 33.33 66.67   21.8   21.2   23.4   22.8  
Inf 40 12.37 5.88 94.12 12.26 11.11 88.89   42.4   41.6   43.6   43.2  
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   Keff_1/2  Keff  Keff_1/2 Keff 

tSi tTa IMFPeff_1/2 % Si % Ta IMFPeff % Si % Ta  IMFPeff_1/2 IMFPeff IMFPeff_1/2 IMFPeff 

         start end t start end t start end t start end t 
1 5 7.33 9.09 90.91 7.58 16.67 83.33  4.4 5.8 1.4 4.6 6.0 1.4 4.2 5.6 1.4 4.6 6.0 1.4 
1 10 7.19 4.76 95.24 7.33 9.09 90.91  9.4 10.2 0.8 9.6 10.4 0.8 9.0 10.0 1.0 9.2 10.4 1.2 
1 20 7.11 2.44 97.56 7.19 4.76 95.24  19.6 20.6 1.0 19.8 20.8 1.0 19.0 20.4 1.4 19.6 20.4 0.8 
1 40 7.07 1.23 98.77 7.11 2.44 97.56  40.2 41.2 1.0 40.4 41.4 1.0 40.4 41.2 0.8 40.6 41.4 0.8 
5 5 8.13 33.33 66.67 8.68 50.00 50.00  4.6 9.8 5.2 5.2 10.2 5.0 5.0 9.8 4.8 5.4 10.4 5.0 
5 10 7.69 20.00 80.00 8.13 33.33 66.67  9.6 14.6 5.0 10.0 15.2 5.2 9.4 14.4 5.0 10.2 15.2 5.0 
5 20 7.40 11.11 88.89 7.69 20.00 80.00  18.6 23.6 5.0 19.4 24.4 5.0 18.0 23.4 5.4 18.8 23.8 5.0 
5 40 7.22 5.88 94.12 7.40 11.11 88.89  39.8 44.8 5.0 41.6 46.6 5.0 39.2 44.2 5.0 40.2 45.2 5.0 

10 5 8.68 50.00 50.00 9.23 66.67 33.33  4.8 14.8 10.0 5.0 15.2 10.2 4.6 14.0 9.4 4.8 14.8 10.0 
10 10 8.13 33.33 66.67 8.68 50.00 50.00  10.0 20.2 10.2 10.2 21.0 10.8 10.2 20.4 10.2 11.0 21.4 10.4 
10 20 7.69 20.00 80.00 8.13 33.33 66.67  19.8 29.8 10.0 20.4 30.6 10.2 21.0 31.2 10.2 21.0 31.8 10.8 
10 40 7.40 11.11 88.89 7.69 20.00 80.00  39.8 49.8 10.0 40.2 50.2 10.0 39.8 49.6 9.8 39.8 50.8 11.0 
Inf 10 9.39 50.00 50.00 9.78 66.67 33.33   10.0   10.0   10.0   9.8  
Inf 20 7.69 20.00 80.00 8.13 33.33 66.67   22.8   24.4   23.4   24.0  
Inf 40 7.22 5.88 94.12 7.40 11.11 88.89   41.2   41.8   42.0   42.6  
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Figure 1: A) Composition of virtual stacks used for the study B) Cross-sections of the 
materials used in virtual stacks. 
 
Figure 2: Steps used to generate the spectrum from a buried layer. 
 
Figure 3: Print screen of the analysis of a spectrum with Quases-Analyze© software. 
 
Figure 4: (A): Inelastic background analysis of a spectrum created for a virtual stack 
of a 5 nm-thick Si layer buried under 10 nm of Au. (B): Inelastic background analysis 
of a spectrum created for a virtual stack of a 5 nm-thick Au layer buried under 8 nm 
of Si.  (C): Comparison of the results from samples of (A) and (B) with the true 
values (black line). 
 
Figure 5: Inelastic background analysis of Si spectrum from the Si(10 nm)/Ta(10 nm) 
sample, A) Depth distribution adjustment of the modeling for Keff_1/2 and IMFPeff_1/2 
combination B) Best background modeling for different combinations of effective 
cross-section and IMFP. 
 
Figure 6: Start and end depth for the 4 combinations of effective input parameters 
used in analysis of spectra from all 96 samples. 
 
Figure 7: Start and end depth for 4 combinations of effective input parameters and 
for a Si layer buried under Al. 
 
Figure 8: Start and end depth for 4 combinations of effective input parameters and 
for a Si layer buried under polymer. 
 
Figure 9: Start and end depth for four combinations of effective input parameters and 
for a Si layer buried under Ta. 
 

Figure 10: Start and end depth for 4 combinations of effective input parameters and 
for a Si layer buried under Au. 
 
Figure 11: Start and end depth for 4 combinations of effective input parameters and 
for an Au layer buried under Al.  
 
Figure 12: Start and end depth for 4 combinations of effective input parameters and 
for an Au layer buried under polymer.  
 
Figure 13: Start and end depth for 4 combinations of effective input parameters and 
for an Au layer buried under Ta.  
 
Figure 14: Start and end depth for 4 combinations of effective input parameters and 
for an Au layer buried under Si. 
 
Table 1: Best input parameters choice for the different samples tested. 
 
Sketch 2: Sample structure for equations (3)-(6). 
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