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1. Introduction

The chemical composition of surface and interface de-
termines many properties of materials. X-ray photoelec-
tron spectroscopy (XPS) is a well known non-destructive,
surface sensitive and quantitative analytical technique
used in the surface study. XPS provides information
about the elemental composition, empirical formula of
pure material, surface contamination, and chemical/elec-
tronic state of elements. Especially, the uniformity of el-
emental composition across the top surface (line profiling
or mapping) and uniformity of elemental composition as
a function of ion beam etching (depth profiling) can be
characterised.

Historically, a major step forward in photoelectron
spectrometry was the work of Robinson and Young in
1930, who the first observed the “chemical shift”. The
first precision electron spectrometer was investigated by
Siegbahn’s group in 1950’s but the first commercial XPS
instrument appeared by the end of the 1960’s. With the
development of digital systems, multichannel detection
and higher analyser transmission, the application of XPS
in materials research increased dramatically around 1985
and now, this is one of the most advanced and complete
modern instruments for surface investigation.

The XPS technique allows characterising different
types of materials such as metals, alloys, polymers, semi-
conductors, geological and biological samples, and gen-
erally any surface which supports high vacuum systems.
Recently, the modern electronic materials like graphene
or sophisticated thin layered structures require the spe-
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cial approach in XPS surface measurements [1-3]. On
the other hand, XPS combined with another technolo-
gies, like Ar* ion sputter etching creates a new applica-
tions of this technique. Especially, a cluster ion which
contains several thousands of atoms causes unique sput-
tering effects for surface and can be used as a unique
cleaning technique [4].

In this work, the crucial aspects of XPS such as chemi-
cal state analysis, depth profiling, mapping and thickness
calculation has been presented. The metal compounds
(alloys and oxides), graphene and type-II antimonides-
-based superlattices have been measured and examined.

2. Experimental

The XPS study was performed on type II InAs/GaSb
superlattice structures (T2SLs), Ti;Os, graphene and
metal alloys samples. T2Sls structures consisting of
30 period 10 monolayers (ML) InAs/9 ML GaSb were
grown on undoped (100) GaSb substrates by molecular
beam epitaxy. Two types of graphene samples were used
in these experiments. The first was epitaxial graphene
grown on a SiC substrate, the second graphene grown
by the chemical vapour deposition (CVD) method on
copper subsequently transferred onto a SiO, substrate.
The metal alloy was composed of Co, Al, Cr, Ni, and Fe
metals.

Thermo Scientific K-Alpha X-ray Photoelectron
Spectrometer used in these experiments is a fully inte-
grated, monochromatic small-spot system. State-of-the-
-art performance, reduced cost of ownership, increased
ease of use and compact size make K-Alpha system the
ideal solution for many existing, as well as new surface
analysis application areas. K-Alpha equipment is de-
signed for a multiuser environment and is the first XPS
tool to deliver a fully automated workflow from sample
entry to report generation.
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The award-winning K-Alpha spectrometer features su-
perior performance, fast analysis and outstanding chem-
ical detectability. By combining cutting edge mono XPS
performance with intelligent automation and intuitive
control, the K-Alpha XPS is designed for a multi-user en-
vironment to meet the requirements of both XPS analysis
and newcomers to the technique. Analytical options now
include a tilt module for Angle Resolved XPS data collec-
tion and a recirculating inert-gas glove box for transfer
of air-sensitive samples. This is an innovative system
for surface characterisation of many different materials
like metals, polymers, semiconductors and bio-materials.
A large range of samples can be analysed: small features
chemical images layer structures, designed for easy use
automatic analysis of multiple samples, recipe modes for
batch analysis and comprehensive software.

3. Results

The comparison of XPS survey spectra of TasO5 sur-
face before and after Ar™ cluster ion cleaning has been
shown in Fig. 1. This result indicates that the native
oxygen-based contamination was significantly reduced
whereas the adventitious carbon contamination was ef-
fectively removed after Ar™ cluster ion cleaning.
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Fig. 1. Comparative survey spectra for TaxOs before
and after Ar™ cluster ion cleaning.
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Fig. 2. Comparison of Ta 4f spectrum for TasOs be-
fore and after Ar" sputter etching and Ar* cluster ion
cleaning.

Figure 2 presents the comparative Ta 4 f XPS spectra
for TagO5 surface before cleaning (as received) and af-
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ter monoatomic ArT ion sputtering and Ar™t cluster ion
cleaning. Low energy monoatomic Art ion sputtering
causes a significant reduction of TasO5. This spectrum
shows clear signs of reduction — the shoulder at low bind-
ing energy, which is not present in spectrum for the Ar™
cluster ion cleaned TayOs5 surface. Generally, the clus-
ter ion beams can be used to successfully clean inorganic
surfaces without inducing chemical changes. The use of
Ar™T cluster sources has the potential to resolve XPS pref-
erential sputtering problems for many important techno-
logical functional materials and thin films.

The results of XPS measurements of T2 InAs/GaSb
are presented in Figs. 3 and 4. Analysis of Sb 3d, Ga 2p
and In 3d indicates to presence of the native oxides layer
and Sb and In metals on the superlattice surface. The
depth profile (Fig. 5) shows the multilayered InAs/GaSb
superlattice structure. The thickness of one pair of indi-
vidual InAs and GaSb is characterized by 6.3 nm thick-
ness.
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Fig. 3. XPS spectrum of: (a) In 3d, (b) Sb 3d for T2
InAs/GaSb SLs.
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Fig. 4. XPS spectrum of Ga 2p for T2 InAs/GaSb SLs.
The Thermo Scientific K-Alpha XPS spectrometer was
used to analyse metal alloys samples using point analysis.
In Table I a list of current elements for not cleaning (as-
-received) and sputtered metal alloy sample is given with
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Fig. 5. The depth profile for T2 InAs/GaSb SLs.

their atomic contamination. These results show the high
level of C, O, F, S, N, and Na contamination in metal
alloy sample. After rapid sputter cleaning, the high lev-
els of contamination have already been greatly reduced.
This allowed more accurate quantification of elemental
data.

TABLE I

Comparison of metal alloy sample before and after
sputter cleaning measurements.

Atomic concentration [%)]
Element - -
As-received | After sputter-cleaning
C 47.74 -
O 31.58 21.76
F 6.89 -
Fe 4.22 3.24
Al 4.02 19.71
N 1.53 -
S 1.49 -
Na 1.33 -
Co 1.20 20.70
Ni - 16.22
Cr - 18.38

Additionally, after sputter cleaning, the high resolution
spectra were taken to observe the chemistry within the
sample, with the possibility of obtaining more precise
elemental composition from the XPS spectra (Fig. 6).
The high resolution XPS spectra allow to indicate the
various XPS signals and identify corresponding chemical
states.

The Al 2p signal (Fig. 7a) shows two states — Al
metal and Al,O3 oxide. XPS signal of Cr 2p (Fig. 7b) is
characteristic for multiple split components. Using the
integrated knowledge base within Thermo Fisher Scien-
tific Avantage software, the correct fitting of the multiple
split structure prevents false identification of other chem-
ical states. Aluminium shows two clear states — metal
and Al;Osz. Chromium has many multiple-split com-
ponents. Using the integrated Knowledge Base within
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Fig. 6. Spectra for metal alloy before and after Ar™*
sputter etching.

Thermo Fisher Scientific Avantage software, the correct
fitting of the multiple split structure prevents false iden-
tification of other chemical states.
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Fig. 7.
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XPS spectra of: (a) Al 2p, (b) Cr 2p for metal

TABLE II

Comparison of contamination for two type graphene
samples: on SiC and SiO2 substrates.

Atomic concentration [%)]
Element - -
Graphene on SiC | Graphene on SiO2

C 64.66 59.77
O 3.41 23.94
Si 31.92 12.9
F 0 2.26
N 0 1.13

The quantification results of XPS measurements and
C 1s spectrum for graphene on SiC and SiOs substrates
are shown in Table II and Fig. 8. These results indi-
cate the presence of Oy and C in both samples. For
CVD graphene transferred onto the SiO, substrate after
its treatment with chemicals, Fo and Ny are also visible.
However, annealing of samples is necessary to eliminate
any molecules that were physisorbed on the graphene
layer from the air. Additionally, the XPS spectrum for
epitaxial graphene allows the analysis of both C-C and
Si—C bonds.
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Fig. 8. XPS spectra of graphene on:
(right) SiO2 substrates.

(left) SiC,

The thickness of graphene can be determined using the
thickness calculator system within the Avantage software.
For this calculation 3.2 g/cm? density taken from scien-
tific reports was used.
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Fig. 9. 2D map of the graphene on SiC substrates.

TABLE III

Average thickness of graphene layer determined using
the thickness calculator within the Avantage software.

Average thickness [nm)| 0.81307316
Maximum thickness [nm)| 1.02921
Minimum thickness [nm)] 0.751483

Average thickness, excluding

. .. 0.806353739
maximum and minimum [nm]|

A 2D map of the graphene on SiC substrate was cre-
ated (Fig. 9) and an average thickness of graphene layer
was determined using the thickness calculator within the
Avantage software (Table III). Using the K-Alpha 128
channel detector, multichannel snapshot mode was used
for rapid data acquisition during mapping measurement.
Snapshot mode allows reducing acquisition time. Conse-
quently, at each point of this map, spectra were acquired
for only 3 s. The top of right area of this map shows the
thickest layer of graphene. This method is a good way
to determine of uniformity of graphene thickness. How-
ever, a 2D map would provide fuller information about
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the uniformity of thickness if diameter of X-ray beam
was smaller. Using principal component analysis (PCA)
within the Avantage data system, two components were
found.

(M Phase1
(@ Phase2

Atomic percent (%)
w
o

Sizp Cis O1s In3d
Peaks (Peaks)

Fig. 10. Atomic concentration over the area of the
graphene on SiC substrates.
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Fig. 11. Image of graphene on SiC substrates.

Graphs presented in Figs. 10 and 11 indicate the av-

erage atomic percentage within these components and
location of the main elements on the graphene sample.

4. Summary

The metal alloys, TioOs, graphene and type-IT InAs/
GaSb superlattice structures have been measured by us-
ing the new Thermo Scientific K-Alpha X-ray Photoelec-
tron Spectrometer. The various measurements possibil-
ities of XPS methods, such as chemical state analysis,
depth profiling, mapping, and thickness calculation have
been presented.
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