
Accepted Manuscript

Title: XPS study of multilayer multicomponent films

Author: Alexander V. Lubenchenko Alexander A. Batrakov
Alexey B. Pavolotsky Olga I. Lubenchenko Dmitriy A. Ivanov

PII: S0169-4332(17)32256-0
DOI: http://dx.doi.org/doi:10.1016/j.apsusc.2017.07.256
Reference: APSUSC 36790

To appear in: APSUSC

Received date: 25-1-2017
Revised date: 10-7-2017
Accepted date: 27-7-2017

Please cite this article as: Alexander V. Lubenchenko, Alexander A. Batrakov,
Alexey B. Pavolotsky, Olga I. Lubenchenko, Dmitriy A. Ivanov, XPS study of
multilayer multicomponent films, <![CDATA[Applied Surface Science]]> (2017),
http://dx.doi.org/10.1016/j.apsusc.2017.07.256

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.apsusc.2017.07.256
http://dx.doi.org/10.1016/j.apsusc.2017.07.256


Page 1 of 21

Acc
ep

te
d 

M
an

us
cr

ip
tXPS Study of Multilayer Multicomponent Films

Alexander V. Lubenchenkoa,∗, Alexander A. Batrakova, Alexey B. Pavolotskyb, Olga I. Lubenchenkoa,
Dmitriy A. Ivanova

aNational Research University MPEI, Krasnokazarmennaya, 14, Moscow 111250, Russia
bChalmers University of Technology, Gteborg, 41296, Sweden

Abstract

In the paper, we propose an XPS-based quantitative method for depth profile analysis of chemical and
phase composition of multi-component and multi-layer samples. The method includes: (1) new method for
background subtraction accounting for depth non-uniformity of electron energy losses; (2) new method for
photoelectron line decomposition into elementary peaks, which accounts for physical nature of the decom-
position parameters; (3) joint solving of both background subtraction and photoelectron line decomposition
problems; (4) criterion for assessing of line decomposition accuracy; (5) simple formula for layer thickness ex-
traction for multi-element and multi-layer sample. We apply the developed method for analysis of multilayer
niobium oxide and sub-oxide films before and in course of ion milling.

Keywords: XPS; Chemical and phase analysis; Depth profiling; XPS background subtracting; XPS line
decomposition; Niobium oxide

1. Introduction

X-ray Photoelectron Spectroscopy (XPS) is one of
the most demanded methods of the surface analy-
sis [1]. XPS allows extracting elemental and phase
composition of the analyzed surfaces. For that, after
background subtraction, position of the peaks formed
by inelastically and elastically scattered photoelec-
trons in the XPS spectrum is determined. Intensities
of those peaks are interpreted into the relative con-
centrations of the elements. The standard method
for interpretation of XPS data is based on the as-
sumption about uniform distribution of the elements
across the whole depth of analysis. However, in re-
ality sample surface is always non-uniform and can
be represented as consisting of layers. Failure to ac-
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count for that leads to significant errors. For exam-
ple, assume a sample has on its surface a layer of
thickness d1 of material other than the the rest of
the sample. In such case, following the Bouguer law,
intensity of the peaks formed by the photoelectrons
under that surface layer will be reduced by the factor
of exp (−d1/λ1), where λ1 is electron mean free path
in that surface layer. In case of XPS with Mg/Al-
anode X-ray source, electron mean free path is of the
order of a few nanometers. Consequently, even as
thin as 1 nm surface layer will noticeably misrepre-
sent the concentrations calculated by the standard
mean concentration method.

For analysis of multilayer samples, more sophisti-
cated calculation approach is needed. In paper [2],
relationships for elements’ relative concentrations in
a layer were derived. However, for that one needs to
assume the layer model and solve a non-linear sys-
tem of equations for extracting of layer thicknesses.
Analytic solution of such system of equations is pre-
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