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NO WARRANTY

Casa Software Ltd. does its best to ensure the accuracy and reliability of the Software and Related
Documentation. Nevertheless, the Software and Related Documentation may contain errors that
may affect its performance to a greater or lesser degree. Therefore no representation is made nor
warranty given that the Software and Related Documentation will be suitable for any particular
purpose, or that data or results produced by the Software and Related Documentation will be
suitable for use under any specific conditions, or that the Software and Related Documentation
will not contain errors. Casa Software Ltd. shall not in any way be liable for any loss consequential,
either directly or indirectly, upon the existence of errors in the Software and Related
Documentation. The Software and Related Documentation, including instructions for its use, is
provided “AS IS” without warranty of any kind. Casa Software Ltd. further disclaims all implied
warranties including without limitation any implied warranties of merchantability or fitness for a
particular purpose. CasaXPS should not be relied on for solving a problem whose incorrect solution
could result in injury to a person or loss of property. The entire risk arising out of the use or
performance of the Software and Related Documentation remains with the Recipient. In no event
shall Casa Software Ltd. be liable for any damages whatsoever, including without limitation,
damages for loss of business profit, business interruption, loss of business information or other
pecuniary loss, arising out of the use or inability to use the Software or written material, even if
Casa Software Ltd. has been advised of the possibility of such damages.
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XPS Spectra

The XPS technique is used to investigate the chemistry at the surface of a
sample.

fn
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Sample
Figure 1: Schematic of an XPS instrument.

The basic mechanism behind an XPS instrument is illustrated in Figure 1.
Photons of a specific energy are used to excite the electronic states of atoms
below the surface of the sample. Electrons ejected from the surface are energy
filtered via a hemispherical analyser (HSA) before the intensity for a defined
energy is recorded by a detector. Since core level electrons in solid-state atoms
are quantized, the resulting energy spectra exhibit resonance peaks
characteristic of the electronic structure for atoms at the sample surface.
While the x-rays may penetrate deep into the sample, the escape depth of the
ejected electrons is limited. That is, for energies around 1400 eV, ejected
electrons from depths greater than 10nm have a low probability of leaving the
surface without undergoing an energy loss event, and therefore contribute to
the background signal rather than well defined primary photoelectric peaks.

In principle, the energies of the photoelectric lines are well defined in terms of
the binding energy of the electronic states of atoms. Further, the chemical
environment of the atoms at the surface result in well defined energy shifts to
the peak energies. In the case of conducting samples, for which the detected
electron energies can be referenced to the Fermi energy of the spectrometer,
an absolute energy scale can be established, thus aiding the identification of
species. However, for non-conducting samples the problem of energy
calibration is significant. Electrons leaving the sample surface cause a potential



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

difference to exist between the sample and the spectrometer resulting in a
retarding field acting on the electrons escaping the surface. Without redress,
the consequence can be peaks shifted in energy by as much as 150 eV. Charge
compensation designed to replace the electrons emitted from the sample is
used to reduce the influence of sample charging on insulating materials, but
nevertheless identification of chemical state based on peak positions requires
careful analysis.

XPS is a quantitative technique in the sense that the number of electrons
recorded for a given transition is proportional to the number of atoms at the
surface. In practice, however, to produce accurate atomic concentrations from
XPS spectra is not straight forward. The precision of the intensities measured
using XPS is not in doubt; that is intensities measured from similar samples are
repeatable to good precision. What may be doubtful are results reporting to
be atomic concentrations for the elements at the surface. An accuracy of 10%
is typically quoted for routinely performed XPS atomic concentrations. For
specific carefully performed and characterised measurements better accuracy
is possible, but for quantification based on standard relative sensitivity factors,
precision is achieved not accuracy. Since many problems involve monitoring
changes in samples, the precision of XPS makes the technique very powerful.

The first issue involved with quantifying XPS spectra is identifying those
electrons belonging to a given transition. The standard approach is to define
an approximation to the background signal. The background in XPS is non-
trivial in nature and results from all those electrons with initial energy greater
than the measurement energy for which scattering events cause energy losses
prior to emission from the sample. The zero-loss electrons constituting the
photoelectric peak are considered to be the signal above the background
approximation. A variety of background algorithms are used to measure the
peak area; none of the practical algorithms are correct and therefore
represent a source for uncertainty when computing the peak area. Peak areas
computed from the background subtracted data form the basis for most
elemental quantification results from XPS.
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Figure 2: An example of a typical XPS survey spectrum taken from a compound sample.

The data in Figure 2 illustrates an XPS spectrum measured from a typical
sample encountered in practice. The inset tile within Figure 2 shows the range
of energies associated with the C 1s and K 2p photoelectric lines. Since these
two transitions include multiple overlapping peaks, there is a need to
apportion the electrons to the C 1s or the K 2p transitions using a synthetic
peak model fitted to the data. The degree of correlation between the peaks in
the model influences the precision and therefore the accuracy of the peak area
computation.

Relative sensitivity factors of photoelectric peaks are often tabulated and used
routinely to scale the measured intensities as part of the atomic concentration
calculation. These RSF tables can only be accurate for homogenous materials.
If the sample varies in composition with depth, then the kinetic energy of the
photoelectric line alters the depth from which electrons are sampled. It is not
uncommon to see evidence of an element in the sample by considering a
transition at high kinetic energy, but find little evidence for the presence of the
same element when a lower kinetic energy transition is considered. Transitions
of this nature might be Fe 2p compared to Fe 3p both visible in Figure 2, where
the relative intensity of these peaks will depend on the depth of the iron with
respect to the surface. Sample roughness and angle of the sample to the
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analyser also changes the relative intensity of in-homogenous samples, thus
sample preparation and mounting can influence quantification values.
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Figure 3: Germanium Oxide relative intensity to elemental germanium measured using
photoelectrons with kinetic energy in the range 262 eV to 272 eV.
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Figure 4: Germanium Oxide relative intensity to elemental germanium measured using
photoelectrons with kinetic energy in the range 1452 eV to 1460 eV.

The chemical shifts seen in XPS data are a valuable source of information
about the sample. The spectra in Figure 3 and Figure 4 illustrate the separation
of elemental and oxide peaks of germanium due to chemical state. Both

spectra were acquired from the same sample under the same conditions with
the exception that the ejected electrons for the Ge 3d peaks are about 1200

8
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eV more energetic that the Ge 2p electrons. The consequence of choosing to
guantify based on one of these transitions is that the proportion of oxide to
elemental germanium differs significantly. The oxide represents an over layer
covering of the elemental germanium and therefore the low energy
photoelectrons from the Ge 2p line are attenuated resulting in a shallower
sampling depth compared to the more energetic Ge 3d electrons. Hence the
volume sampled by the Ge 2p transition favours the oxide signal, while the
greater depth from which Ge 3d electrons can emerge without energy loss
favours the elemental germanium. While these variations may seem a
problem, such changes in the spectra are also a source for information about
the sample.

Tilting the sample with respect to the axis of the analyser results in changing
the sampling depth for a given transition and therefore data collected at
different angles vary due to the differing composition with depth. Figure 5 is a
sequence of Si 2p spectra measured from the same silicon sample at different
angles. The angles associated with the spectra are with respect to the axis of
the analyser and the sample surface. Data measured at 30° favours the top
most oxide layers; while at 90° the elemental substrate becomes dominant in
the spectrum.
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Figure 5: Angle resolved Si 2p spectra showing the changes to the spectra resulting from
tilting the sample with respect to the analyser axis.
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Other Peaks in XPS Spectra

Not all peaks in XPS data are due to the ejection of an electron by a direct
interaction with the incident photon. The most notable are the Auger peaks,
which are explained in terms of the decay of a more energetic electron to fill
the vacant hole created by the x-ray photon, combined with the emission of an
electron with an energy characteristic of the difference between the states
involved in the process. The spectrum in Figure 2 includes a sequence of peaks
labelled O KLL. These peaks represent the energy of the electrons ejected from
the atoms due to the filling of the O 1s state (K shell) by an electron from the L
shell coupled with the ejection of an electron from an L shell.

Unlike the photoelectric peaks, the kinetic energy of the Auger lines is
independent of the photon energy for the x-ray source. Since the kinetic
energy of the photoelectrons are given in terms of: the photon energy v, the
binding energy for the ejected electron E,. and a work function ¢ by the
relationshipE, =hv-E,. —¢, altering the photon energy by changing the x-ray
anode material causes the Auger lines and the photoelectric lines to move in
energy relative to one another.
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Figure 6: Elemental Silicon loss peaks and also x-ray satellite peak.
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Less prominent than Auger lines are x-ray satellite peaks. Data acquired using a
non-monochromatic x-ray source create satellite peaks offset from the primary
spectral lines by the difference in energy between the resonances in the x-ray
spectrum of the anode material used in the x-ray gun and also in proportion to
the peaks in the x-ray spectrum for the anode material. Figure 6 indicates an
example of a satellite peak to the primary Si 2p peak due to the use of a
magnesium anode in the x-ray source. Note that Auger line energies are
independent of the photon energy and therefore do not have satellite peaks.

A further source for peaks in the background signal is due to resonant
scattering of electrons by the surface materials. Plasmon peaks for elemental
silicon are also labelled on Figure 6. The sharpness of these plasmon peaks in
Figure 6 is due to the nature of the material through which the photoelectrons
must pass. For silicon dioxide, the loss structures are much broader and follow
the trend of a typical XPS background signal. The sharp loss structures in Figure
6 are characteristic of pure metallic-like materials.
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Figure 7: XPS and Auger peaks appear above a background of scattered

electrons.

Basic Quantification of XPS Spectra

XPS counts electrons ejected from a sample surface when irradiated by x-rays.
A spectrum representing the number of electrons recorded at a sequence of
energies includes both a contribution from a background signal and also
resonance peaks characteristic of the bound states of the electrons in the

11
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surface atoms. The resonance peaks above the background are the significant
features in an XPS spectrum shown in Figure 7.

XPS spectra are, for the most part, quantified in terms of peak intensities and
peak positions. The peak intensities measure how much of a material is at the
surface, while the peak positions indicate the elemental and chemical
composition. Other values, such as the full width at half maximum (FWHM) are
useful indicators of chemical state changes and physical influences. That is,
broadening of a peak may indicate: a change in the number of chemical bonds
contributing to a peak shape, a change in the sample condition (x-ray damage)
and/or differential charging of the surface (localised differences in the charge-
state of the surface).
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Figure 8: Quantification regions

The underlying assumption when quantifying XPS spectra is that the number of
electrons recorded is proportional to the number of atoms in a given state. The
basic tool for measuring the number of electrons recorded for an atomic state
is the quantification region. Figure 8 illustrates a survey spectrum where the
surface is characterised using a quantification table based upon values
computed from regions. The primary objectives of the quantification region
are to define the range of energies over which the signal can be attributed to

12
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the transition of interest and to specify the type of approximation appropriate
for the removal of background signal not belonging to the peak.
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Figure 9: O 1s Region
How to Compare Samples

A direct comparison of peak areas is not a recommended means of comparing
samples for the following reasons. An XPS spectrum is a combination of the
number of electrons leaving the sample surface and the ability of the
instrumentation to record these electrons; not all the electrons emitted from
the sample are recorded by the instrument. Further, the efficiency with which
emitted electrons are recorded depends on the kinetic energy of the electrons,
which in turn depends on the operating mode of the instrument. As a result,
the best way to compare XPS intensities is via, so called, percentage atomic
concentrations. The key feature of these percentage atomic concentrations is
the representation of the intensities as a percentage, that is, the ratio of the
intensity to the total intensity of electrons in the measurement. Should the
experimental conditions change in any way between measurements, for
example the x-ray gun power output, then peak intensities would change in an
absolute sense, but all else being equal, would remain constant in relative
terms.

13
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Relative Intensity of Peaks in XPS

Each element has a range of electronic states open to excitation by the x-rays.
For an element such as silicon, both the Si 2s and Si 2p transitions are of
suitable intensity for use in quantification. The rule for selecting a transition is
to choose the transition for a given element for which the peak area, and
therefore in principle the RSF, is the largest, subject to the peak being free
from other interfering peaks.

Transitions from different electronic states from the same element vary in
peak area. Therefore, the peak areas calculated from the data must be scaled
to ensure the same quantity of silicon, say, is determined from either the Si 2s
or the Si 2p transitions. More generally, the peak areas for transitions from
different elements must be scaled too. A set of relative sensitivity factors are
necessary for transitions within an element and also for all elements, where
the sensitivity factors are designed to scale the measured areas so that
meaningful atomic concentrations can be obtained, regardless of the peak
chosen.
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Figure 10: Regions Property Page.

Quantification of the spectrum in Figure 8 requires the selection of one
transition per element. Figure 9 illustrates the area targeted by the region
defined for the O 1s transition; similar regions are defined for the C 1s, N 1s
and Si 2p transitions leading to the quantification table displayed over the data
in Figure 8. The Regions property page shown in Figure 10 provides the basic

14
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mechanism for creating and updating the region parameters influencing the
computed peak area. Relative sensitivity factors are also entered on the
Regions property page. The computed intensities are adjusted for instrument
transmission and escape depth corrections, resulting in the displayed
quantification table in Figure 8.

Quantification regions are useful for isolated peaks. Unfortunately not all
samples will offer clearly resolved peaks. A typical example of interfering peaks
is any material containing both aluminium and copper. When using the
standard magnesium or aluminium x-ray anodes, the only aluminium
photoelectric peaks available for measuring the amount of aluminium in the
sample are Al 2s and Al 2p. Both aluminium peaks appear at almost the same
binding energy as the Cu 3s and Cu 3p transitions. Thus estimating the
intensity of the aluminium in a sample containing these elements requires a
means of modelling the data envelope resulting from the overlapping
transitions illustrated in Figure 11.

x 10°

CPS

Binding Energy (eV)

Figure 11: Aluminium and Copper both in evidence at the surface.

Overlapping Peaks

Techniques for modelling data envelopes not only apply to separating
elemental information, such as the copper and aluminium intensities in Figure
11, but also apply to chemical state information about the aluminium itself.
Intensities for the aluminium oxide and metallic states in Figure 11 are
measured using synthetic line-shapes or components. An XPS spectrum

15
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typically includes multiple transitions for each element; while useful to identify
the composition of the sample, the abundance of transitions frequently leads
to interference between peaks and therefore introduces the need to construct
peak models. Figure 12 illustrates a spectrum where a thin layer of silver on
silicon (University of lowa, Jukna, Baltrusaitis and Virzonis, 2007, unpublished
work) introduces an interference with the Si 2p transition from the Ag 4s

transition.
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Figure 12: Elemental and oxide states of Silicon

The subject of peak-fitting data is complex. A model is typically created from a
set of Gaussian/Lorentzian line-shapes. Without careful model construction
involving additional parameter constraints, the resulting fit, regardless of how
accurate a representation of the data, may be of no significance from a
physical perspective. The subject of peak fitting XPS spectra is dealt with in
detail elsewhere.

Peak models are created using the Components property page on the
Quantification Parameters dialog window shown in Figure 13. A range of line-
shapes are available for constructing the peak models including both
symmetric and asymmetric functional forms. The intensities modelled using
these synthetic line-shapes are scaled using RSFs and quantification using both
components and regions are offered on the Report Spec property page of
CasaXPs.
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Peak Positions

In principle, the peak positions in terms of binding energy provide information
about the chemical state for a material. The data in Figure 2 provides evidence
for at least three chemical states of silicon. Possible candidates for these
silicon states might be SiO,, Si,O3, SiO, Si,O or Si, however an assignment
based purely on the measured binding energies for the synthetic line-shapes
relies on an accurate calibration for the energy scale. Further, the ability to
calibrate the energy scale is dependent on the success of the charge
compensation for the sample and the availability of a peak at known binding
energy to provide a reference for shifting the energy scale.
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Figure 13: Components property page on the Quantification Parameters dialog window.
Charge Compensation

The XPS technique relies on electrons leaving the sample. Unless these emitted
electrons are replaced, the sample will charge relative to the instrument
causing a retarding electric field at the sample surface. For conducting samples
electrically connected to the instrument, the charge balance is easily restored;
however, for insulating materials electrons must be replaced via an external
source. Insulating samples are normally electrically isolated from the
instrument and low energy electrons and/or ions are introduced at the sample
surface. The objective is to replace the photoelectrons to provide a steady
state electrical environment from which the energy of the photoelectrons can

be measured.

17



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

PTFE

F1s
WVatiahle Matne  Pos. L2155

Teflon, 20 deg, newt off  C 1z 4520000 31.20
Fis Fls 244 0000 A& 20
Teflon, 20 deg, nevt on - C 1z Z290.0000  33.40

Fls AET.0000 A&A0D

Arbitrary Units

C1s ]

900 800 700 600 500 400 300 200 100 0

Dimalima Crarar (A% 5N

Figure 14: Insulating sample before and after charge compensation.

The data in Figure 14 shows spectra from PTFE (Teflon) acquired with and
without charge compensation. The C 1s peaks are shifted by 162 eV between
the two acquisition conditions, but even more importantly, the separation
between the C 1s and the F 1s peaks differ between the two spectra by 5 eV.
Without effective charge compensation, the measured energy for a
photoelectric line may change as a function of kinetic energy of the electrons.

Charge compensation does not necessarily mean neutralization of the sample
surface. The objective is to stabilize the sample surface to ensure the best peak
shape, whilst also ensuring peak separation between transitions is
independent of the energy at which the electrons are measured. Achieving a
correct binding energy for a known transition is not necessarily the best
indicator of good charge compensation. A properly charge compensated
experiment typically requires shifting in binding energy using the Calibration
property page, but the peak shapes are good and the relative peak positions
are stable.

A nominally conducting material may need to be treated as an insulating
sample. Oxide layers on metallic materials can transform a conducting material
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into an insulated surface. For example, aluminium metal oxidizes even in
vacuum and a thin oxide layer behaves as an insulator.

Calibrating spectra in CasaXPS is performed using the Calibration property
page on the Spectrum Processing dialog window.

Depth Profiling using XPS

P A

Etch

Etch

- ﬂ
I

Etch

Figure 15: Segment of an XPS depth profile.

While XPS is a surface sensitive technique, a depth profile of the sample in
terms of XPS quantities can be obtained by combining a sequence of ion gun
etch cycles interleaved with XPS measurements from the current surface. An
ion gun is used to etch the material for a period of time before being turned
off whilst XPS spectra are acquired. Each ion gun etch cycle exposes a new
surface and the XPS spectra provide the means of analysing the composition of
these surfaces.
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Figure 16: The set of O 1s spectra measured during a depth profiling experiment.
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The set of XPS spectra corresponding to the oxygen 1s peaks from a depth
profile experiment depicted logically in Figure 15 are displayed in Figure 16.
The objective of these experiments is to plot the trend in the quantification
values as a function of etch-time.

The actual depth for each XPS analysis is dependent on the etch-rate of the
ion-gun, which in turn depends on the material being etched at any given
depth. For example, the data in Figure 16 derives from a multilayer sample
consisting of silicon oxide alternating with titanium oxide layers on top of a
silicon substrate. The rate at which the material is removed by the ion gun may
vary between the layers containing silicon oxide and those layers containing
titanium oxide, with a further possible variation in etch-rate once the silicon
substrate is encountered. The depth scale is therefore dependent on
characterizing the ion-gun however each XPS measurement is typical of any
other XPS measurement, with the wunderstanding that the charge
compensation steady state may change between layers.
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Figure 17: XPS Depth Profile of silicon oxide/titanium oxide multilayer sample profiled using
a Kratos Amicus XPS instrument.
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Figure 18: Logical structure of the VAMAS blocks in an XPS depth profile.

The XPS depth profile in Figure 17 is computed from the VAMAS file data
logically ordered in CasaXPS as shown in Figure 18. The O 1s spectra displayed
in Figure 16 are highlighted in Figure 18. One point to notice about the profile
in Figure 17 is that the atomic concentration calculation for the O 1s trace is
relatively flat for the silicon oxide and titanium oxide layers, in contrast to the
raw data in Figure 16, where the chemically shifted O 1s peaks would appear
to be more intense for the silicon oxide layers compared to the titanium oxide
layers. This observation is supported by the plot of adjusted peak areas in
Figure 19, where again the O 1s trace is far from flat. The profile in Figure 17 is
far more physically meaningful than the variations displayed in Figure 19.
Normalization of the XPS intensities to the total sighal measured on a layer by
layer basis is important for understanding the sample. This example is a good
illustration of why XPS spectra should be viewed in the context of the other
elements measured from a surface.

The details of how to analyze a depth profile in CasaXPS are discussed at
length in The Casa Cookbook and other manual pages available from the Help
option on the Help menu.
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Figure 19: Peak areas scaled by RSF used to compute the atomic

concentration plots in Figure 17.

Understanding Relative Sensitivity Factors for Doublet
Transitions

When quantifying XPS spectra, Relative Sensitivity Factors (RSF) are used to
scale the measured peak areas so variations in the peak areas are
representative of the amount of material in the sample surface. An element
library typically contains lists of RSFs for XPS transitions. For some transitions
more than one peak appears in the data in the form of doublet pairs and, in
the case of the default CasaXPS library, three entries are available for each set
of doublet peaks: one entry for the combined use of both doublet peaks in a
quantification table and two entries for situations where only one of the two
possible peaks are used in the quantification. A common cause of erroneous
guantification is the inappropriate use of these optional RSF entries.
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Figure 20: Example of quantification regions and components used to quantify peak areas.

The data in Figure 20 are a set of high resolution spectra where quantification
regions and components are used to calculate the area for the peaks. These
data illustrate some of the issues associated with XPS quantification as the
data includes singlet peaks in the form of O 1s, C 1s, Al 2s and N 1s; as well as
doublet pairs: Cr 2p, Cu 2p, Ar 2p and Fe 2p. The spectra are sufficiently
complex to involve overlaps such as the Al 2s and Cu 3s, while the Cu 2py),
peak includes signal from a Cr Auger line. When creating a table of percentage
atomic concentrations it is important to select the correct RSF for the peak
area chosen to measure the given element.

Name R.S.F. % Conc.
Cr2p1/2 10.6041 2.9
Cr2p3/2 10.6041 6.2
Fe2p1/2 14.8912 2.2
Fe2p3/2 14.8912 4.5
Cu2p3/2 15.0634 4.4
Al 2s Metal  0.753 61.4
Al 2s Ox 0.753 5.1
Ar 2p 2.65797 5.5
O 1s 2.93 6.2
Cls 1 1.5
N1s 1.8 0.2

Table 1: Quantification table showing RSFs used to scale the raw peak areas.

When measuring a transition, from the perspective of signal to noise, it is
better to include both peaks from a doublet pair. For the data in Figure 20, the
Fe 2p, Cr 2p and Ar 2p transitions are free of interference from other peaks
and therefore simple integration regions can be used to measure the peak
areas. The Ar 2p doublet peaks overlap each other; however the Cr 2p and Fe
2p peaks do not overlap, thus separate quantification regions are used to
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measure the area for these resolved doublet peaks. Even though separate
regions are used to estimate the peak areas for the two peaks in each of the Cr
2p and the Fe 2p transitions, total RSFs for these transitions are used to scale
the raw area calculated from the regions. Similarly, the total RSF is used to
scale the Ar 2p doublet peaks, because both peaks from the doublet are used
in calculating the peak area for argon. On the other hand, since the Cu 2p;,,
peak overlaps with the Cr LMM Auger transition, only the Cu 2p3/, peak can be
used with ease and so the reduced RSF must be applied to scale the peak area.
The quantification table in Table 1 lists the regions and components used to
calculate the atomic concentrations together with the RSFs for each transition.

Note the peak model used to measure the Al 2s includes a component
representing the contribution of the Cu 3s transition to the Al 2s spectrum in
Figure 20. Copper is measured using the Cu 2ps3,, peak therefore the RSF for
the Cu 3s component is set to zero so that the component does not appear in
Table 1.

By way of example, an alternative quantification regime might be to use only
one of the two possible Fe 2p doublet peaks. The quantification in Table 2
removes the Fe 2p,,, region from the calculation by setting the RSF to zero,
whilst adjusting the Fe 2p3/, RSF to accommodate the absence of the Fe 2py),
peak area from the calculation. Since the ratio of 2p doublet peaks should be
2:1, the RSF for the Fe 2p3/, region is two thirds of the total RSF used in Table 1.
In Table 1, the percentage atomic concentration for Fe is split between the two
Fe 2p doublet peaks, whereas in Table 2 the entire Fe 2p contribution is
estimated using the Fe 2p;/, and therefore the same amount of Fe is measured
via either approach.

A common misunderstanding is to use both peaks in the calculation, but still
assign RSFs for the individual peaks in the doublet. The consequence of using
both peaks and the specific RSFs to the individual peaks in the doublet is the
contribution from Fe to the quantification table would be incorrectly increased
by a factor of two.

Note: the RSFs used in both Table 1 and Table 2 are Scofield cross-sections
adjusted for angular distribution corrections for an instrument with angle of
902 between the analyser and x-ray source.
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Name R.S.F. % Conc.
Cr2p1/2 10.6041 2.9
Cr2p3/2 10.6041 6.2
Fe2p3/2  9.8064 6.8
Cu2p3/2 15.0634 4.4

Al 2s Metal 0.753 61.3

Al 2s Ox 0.753 5.1
Ar 2p 2.65797 5.5
O1s 2.93 6.2
Cls 1 1.5
N1ls 1.8 0.2

Table 2: Fe 2p 3/2 peak is used without the area from the Fe 2py,.

To further illustrate the issues associated with the uses of the three RSFs
associated with doublet peaks, consider the three possible options available
when quantifying the Cr 2p doublet shown in Figures 21, 22 and 23. Table 3
shows that the corrected area when measured using any of these three
options is approximately the same.
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Figure 21: Intensity for Cr calculated from the Cr 2p,, transition.
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Figure 22 Intensity for Cr calculated from the Cr 2p3j, transition.
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Figure 23 Intensity for Cr calculated from both peaks in the doublet.
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RSF Raw Area Corrected Area
Peak Raw Area/(RSF*T*MFP)
Cr2p1/2 3.60721 19234.8 125.455
Cr 2p 3/2 6.9697 40871.9 138.192
Both Cr 2p Peaks 10.6041 60098.5 133.555

Table 3: Comparison of the intensities calculated from the three different
combinations of peak area and RSF for the Cr 2p doublet illustrated in Figure
21 Figure 22 and Figure 23.

Electronic Energy Levels and XPS Peaks

An electron spectrum is essentially obtained by monitoring a signal
representing the number of electrons emitted from a sample over a range of
kinetic energies. The energy for these electrons, when excited using a given
photon energy, depends on the difference between the initial state for the
electronic system and the final state. If both initial and final states of the
electronic system are well defined, a single peak appears in the spectrum. Well
defined electronic states exist for systems in which all the electrons are paired
with respect to orbital and spin angular momentum. The initial state for the
electronic system offers a common energy level for all transitions. When an
electron is emitted from the initial state due to the absorption of a photon, the
electrons emerge with kinetic energies characteristic of the final states
available to the electronic system and therefore XPS peaks represent the
excitation energies open to the final states. Since these final states include
electronic sub-shells with unpaired electrons, the spin-orbit coupling of the
orbital and spin angular moment results in the splitting of the energy levels
otherwise identical in terms of common principal and orbital angular
momentum. Thus, instead of a single energy level for a final state, the final
state splits into two states referred to in XPS as doublet pairs. To differentiate
between these XPS peaks, labels are assigned to the peaks based on the hole
in the final state electronic configuration. Since these final states, even when
split by spin-orbit interactions, are still degenerate in the sense that more than
one electronic state results in the same energy for the system, three quantum
numbers are sufficient to identify the final state for the x-ray excited system.
Specifying the three quantum numbers in the format nl; both uniquely
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identifies the transition responsible for a peak in the spectrum and offers
information regarding the degeneracy of the electronic state involved. The
relative intensity of these doublet pair peaks linked by the quantum numbers
nl is determined from the j = | £ %2 quantum number. Doublet peaks appear
with intensities in the ratio 2j;+1 : 2j,+1. Thus p-orbital doublet peaks are

assigned j quantum numbers 1/2 and 3/2 and appear with relative intensities in
the ratio 1:2.
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Similar intensity ratios and differing energy separations are common features

of doublet peaks in XPS spectra. Final states with s symmetry do not appear as
doublets, e.g. Au 4s.
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Basics of CasaXPS

The following is an introduction to the basics of CasaXPS. The intention is to
provide an overview of the software in terms of displaying and quantifying XPS
spectra.

CasaXPS Main Window

CasaXPS$ Licensed to:A1 CASA =3
Flle Yiew Window Options Select Help

0| o o | B B 2| B [ B [ | | | 0 @8] B o] 2 [ (] | B o S|l 2]
m =] Y e s EN R LN PN AN A sl = il = = A R it

EY cs2s04.vms

E? h2so4.vms
EY khsod4.vms

Rh28NA

Q

Al2 133

? E ks
E 1
e = b4
E 2
E 4

_||||||||||||||||||||||||||||| T T T L R LN R R N
585 580 572 S64 724 716 703 75 EIEv‘S ‘95‘5 IQ*{S IEIEISI 128 124 120 116 112
Bincing Eneroy (&%) Binding Enercy (2% Binding Energy (eV) Bincing Eneroy (&%)

NEEEEET R

||| foafra

cpsx 1074

w

A1 177 o012 - C1 265 N1309

= "D_ 16
353 P
_ 123
i 253 23
=15 < 53
53 43

[ ] ) I] ) P}

Pt T T T e e A AARaRm s
252 248 244 240 236 540 537 534 531 528 300 296 292 288 284 412 408 404 400 396
Binding Eneroy (2 Binding Eneroyy (%) Binding Enery (247 Binding Enerogy ()

P Fm ] F] ][] " Fn] Fin] Fn] ] f] f] " o) P fin f] ] fim] " [ ] fn] ] fn] i
S B S o HEE G 8 B I o S N B I o e =

QQQQQQHQQQQQQH,,,“
| | | W |
[ ol ol Dl Pl [ o ol ol P B ol e D Pl B

|

lvooooooHooooooHooooooHooooooH A

Binding Energy (2%

The Main Window of CasaXPS is a multiple document interface capable of
managing large numbers of files all open at the same time.
Key points:

e Each file opened in CasaXPS appears in an experiment frame.

e The top-most experiment frame has mouse focus.

e An experiment frame is divided into two panes; the left-hand pane
displays the data in graphical form, while the right-hand pane displays the
logical structure of the VAMAS file opened in CasaXPS.

Management of experiment frames is performed using the Window menu on
the CasaXPS main window.

CasaXPs Licensed to:A1 CASA

Filz  Wiew

e Options  Seleck Help
Ol 3l g e Window

Cascade

3 @ E Tie

Arrange Icons

2

1 test kel 161007 (1).vms
v 2 kest nacl_161007.vms

3 test_k2hpod_151007.vms

4 test_nahco3_161007.vms

e Experiment frames may appear full sized.
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e Experiment frames may be tiled.
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Loading Data into CasaxXP$S

CasaXPS converts other data formats to ASCII ISO 14976 (VAMAS) format. Data

in VAMAS format are opened as experiment frames by selecting the VAMAS
file via the Open option on the File menu.
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A file dialog window allows data to be selected from disk.

Open VAMAS file ?]%]
Look jr: | ) #PS Spectra Data ﬂ 5 ER-
[C)Manchester E 01011612, vms
[y 5tandardspectrakattingham 22020801 _Mb.vms
) UMEA, Swden ag_hslob800002. vms
07_02_2003 SnldOxide. vms Alzp peakfit.vms
2087_122 Si0Z ARXPS.vms au_hslotB00003. vms
Edat011810.vms (=8 ces_std.vms
£ >
File name: | 0101181 2.vms Open
Files of type: |Wamas Files [* vms] - Cancel

Data not in VAMAS format is converted through CasaXPS via the Convert
option on the File menu. A Convert to VAMAS file dialog window offers a
means of selecting a file type for conversion. The file extension is typically used
to determine the file format, for example, the file extension spe is allocated to
data saved in PHI Multipak format.

Convert to YVAMAS file

Laak jr: |_}><F’S Spectra Data ﬂ &= =¥ E-

ICiManchester
I 5tandardspectrakottingham
[CIUMEA, Swden

01011810.5pe

File name:  |01011810.3pe
Files of kwpe: |F'HI bMultiPak. Files [*.2pa) j Cancel |

A new VAMAS file is created for each file selected via the dialog window and is
written into the same directory as the original file.

Displaying Data in CasaXPS

One or more files may be selected via the file dialog. On pressing the Open
button, a new experiment frame appears in the CasaXPS main window.
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Initially, the first row of data blocks are selected in the right-hand pane
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The keyboard arrow keys can be used to change the selection in the right-hand
pane. Each press of an arrow key moves the selection in the right-hand pane
with respect to the data block displayed in the active tile in the left-hand pane.
Pressing an arrow key causes the newly selected data block to be displayed in
the left-hand pane.
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Selection of Data using the Mouse

Data blocks in the right-hand pane are selected using the mouse and a
combination of the Shift key and the Control key.

Left click the mouse over a data block in the right-hand pane to make a single
selection.

Extend the selection to a contiguous group of data blocks by holding the Shift
key down before selecting a second data block using the left mouse button.
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Add to the current selection by holding the Control key down before left-
clicking over a data block.
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Overlay the current selection of data blocks in the active tile by pressing the
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overlay toolbar button.
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Display the current selection one-per-tile using the display toolbar button.
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Tile Format
Set the number of tiles-per page using the Page Tile Format dialog window.
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Page tile formats are organized using predefined property pages for a number
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Tile Display

Each tile used to display data in the left-hand pane maintains a set of display
settings. These display settings are adjusted using the Tile Display Parameter
dialog window. Various fonts and colours used to draw spectra are adjusted
via the property pages on the dialog window.

.:ﬂl wmy| J |

Tile Display Parameters

X

Bl ] Y B ] Geomety  Display ] Eolours] Global]

Dizplay Itens
pe Header Font

v I Guant. Regions

v Synthetic Components Aues Font

[ Acquizition Parameters ™ Residual Line fidth
[v Annaotation v Spectrum Background 1

[w Exclude Annot Tables W Momalise Residusl

[ Quant. Region Labels [ Draw Box on Header

[ Component Labels [ Awes Major Lines

¥ “ert Quant. Region Labels W Draw Graph Box
[ Half Tile Dizplay v Draw 30 Planes
[v Drawlines [ DrawPaontz [ Fill Below

[ DrawKey [ EKeyonleft [ Description Key
[ Sampleldkey | Include Exp Variable
[ Display Comps from First Spectrurn [ Dashed Comps

I Display Spectium Index [~ Dashed Lines
™ B Comment First Tile QOnly

Title
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[ ok | cancel | |
The tile in the left-hand pane with the title highlighted is the active tile. On
pressing the toolbar button for the Tile Display Parameters dialog window, the

settings entered onto the property pages correspond to the display settings for
the active tile. When the OK or Apply button is pressed on the dialog window,
the display settings for the active tile are updated.
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Data displayed in the active tile is indicated in the right-hand pane by a red
border around the corresponding data block. The background for the data
block in the active tile is also filled with a light yellow colour.

Zooming into Data

Changing the energy and intensity ranges for a spectrum is achieved using the
mouse to draw a zoom box over the data currently displayed in the active tile.
A zoom box is drawn over the data by holding down the left-hand mouse
button whilst moving the cursor over the spectrum in the active tile. On
releasing the mouse button, the drag box becomes a solid box over the data
marking the energy limits and also the intensity limits over which it is desired
to view the data.
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To perform the zoom action, left-click inside the zoom box or press the zoom
in toolbar button on the second toolbar.

CasaXP$ Licensed to:A1 CASA - [test_nacl_161007.vms]
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Each time a zoom action is performed, the parameters from the zoom box is
placed on a zoom list. Following a sequence of zoom actions, the set of zoom

37



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

states on the zoom list can be reviewed by pressing the zoom out toolbar

button.
|+|.I{'| 'H|

Each time the zoom out button is pressed, the previous energy and intensity

ranges defined by zoom boxes are reinstated sequentially until the initial
display ranges first used to view the data are recovered. Further pressing of
the zoom out button will cause the zoom list to cycle from the initial zoom
state.

The zoom list is re-initialised by pressing the reset toolbar button:
i | I‘f‘l.

If the data are prepared with quantification regions, pressing the reset button
loads the zoom list with the quantification region limits. To view a set of peaks
on a survey spectrum for which regions are defined, simply press the reset
button followed by the zoom out button.
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Zooming into a zone based on the mouse may require further adjustments to
the display to achieve the desired perspective of the data. Further intensity
scaling and positioning of the data with respect to the energy axis are achieved
using the toolbar buttons:

#| & o] 2| A ¥

Adjustments to the energy interval accompanied by rescaling of the intensity

with respect to the data within the energy interval are performed using the
toolbar buttons on the second toolbar:

|2 e oAl v
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Drag zoom box over

data of interest.
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Zoom in

b

Or

Left-click inside zoom
box.

Step right
2|

Energy interval shifted
by half the display
width.

Rescaling using the data within the current energy interval is achieved using

the toolbar buttons:

-

K

€

A

an

22

Processing Spectra

Processing spectra is performed using options on the Spectrum Processing

dialog window. The Spectrum processing dialog window is invoked from the

Options menu or the top toolbar.

Window

b

pkions

Seleck  Help

Page Lavouk ...
Tile Display ...
iuankify, .,
Elernents ...

Processing ...

0| & mf-e] 7 =]
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B Spectrum Processing E]|E|E|
Ditferentiation ] Integration ] Test Data ] PCA l Calculator ]
Processing Histary l Calibration ] Intersity Calib. ] Smoothing ]

Proceszing Command
Calib b = 282052 4 = 285 Regionz BE ADD

< >
Rezet | Apply Selection ‘ Propagate Flag |
Undo | Remowve |
Reset All

The Processing History property page lists the processing currently
contributing to the state of the data displayed in the active tile. Other property

pages offer processing options such as charge compensation and data
smoothing.

Basic Energy Calibration

Shifting the energy scale to allow for sample charging is performed on the
Calibration property page:

M Spectrum Processing

Differentiation ] |ntegration ] Test Data ] PCA ] Calculator ]
Proceszing Hiztory Calibration l Intenzity Calib. ] Smoathing ]
Energy Calibration
M eazured [282.057] Region
True |235 Component
Adjust
v Fegions [ Components Apply
Unda Selectian ‘ Apply ta Selection |
Apply by Row (1t Region) | Apply by Row [ 1zt Comp] ‘

[ Use Reference Intensity  Reference 1000

Apply Bange Calibration to Al Files‘ Apply 1zt Comp Calibration o All Files‘

Apply Range Calib All Files by Fh:uw‘ Apply 12t Comp Calib Al Files by Fh:uw‘

Calib M = 282,052 & = 285 Reqgions BE ADD

There are many powerful methods for charge compensating data located in
many different files or sets of data within the same file, for example a depth
profile. Only the basic charge compensation is described here.

Essentially, charge compensation is performed by specifying the location of a
peak in the data as recorded. The measured location of the peak is associated
with the desired true location of the peak, from which the necessary shift is
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determined. The calculated shift may be applied to one or more spectra as
appropriate.

Charge Compensation for a Set of High Resolution Spectra
Display the spectrum for which a peak position is known:

CasaXP5 Licensed to:A1 CASA - [test_nacl_161007.vms]
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Using the mouse, left-click the cursor on the peak as displayed in the active
tile. The energy identified by the cursor position is updated in the Measured
text-field on the Calibration property page.

Drifferentiation ] |nteqration ] Test Data
Proceszing Higtory Calibraticr l [nten

Energy Calibration
Meazured |232_5?5

Enter the known value for the peak position in the True text-field.

Energy Calibration
Meazured |232_5?5

True |235

If regions and/or components are defined on any of the VAMAS blocks for
which charge compensation will be performed, tick the Region and

Component tick boxes.

Adjuzt
Iv Regionz Iv Componerts

Select those VAMAS blocks for which the charge compensation shift is
appropriately specified by the data in the active tile.

Press the Apply to Selection button.
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Energy Calibration

Copyright © 2009 Casa Software Ltd

Meazured |252_ E57

Region |

True |255

Adjuszt
[v Regions

[+ Components

Component |

Apply |

[Inda Selection |

| Apply bo Selection |

Each VAMAS block selected in the right-hand pane of the experiment frame
will be shifted using the energy difference computed from the Measured and

True text-fields on the Calibration property page.

Quantification of Spectra

XPS quantification in terms of peak intensities is performed by assigning

quantification regions and/or peak models containing synthetic components.

Quantification in CasaXPS is performed using the Quantification Parameters

dialog window where the Regions, Components and Report Spec property

pages are central to preparing and extracting quantification information from

the data.

M Quantification Parameters

g|§|® B Quantification Parameters

Regions I Enmpnnents] [ata Editnr] Fepart Spec. ] RFT Heport]
C 1s/E [ Calc Max
Regions [
Name
RSF EC
Start
End 27976
BG Type
A width
St Offset NG
End Offzet N
Crozs Se... [EEEEEENETN
Tag Cls
Area L
StdDev ... 0
fshirn 1.24931
Fozition 2826
% Conce... 100.00
tax Height 330.4
tdin Height -35.2
FPeak to ... 100.00
Create | Calculate Error Bars | Delete |
Create From Labels ‘ Save Regions ... ‘ Copy and Paste |
Intenzity Calibration S e
W Automatic  [p pdate
Ut | sto| ReL| RsT

Region: Components | Data Editor] Fiepart Speu:.] RPT F!eport]
|E 12/6 [RMS =183632; 0. of F. = 32][Ef. RSF = 0.303053] [Ef
Cormponent A b
hame Clz Clz
R.5.F. 0,278 0,278
Line Shape GLI30] GLI30)
Area 484.2 2139
Area Constr, 0.0, 10000... 0.0, 10000000.0
frahim 1.69447 2 04345
fshrn Constr. | 0.2499 6. 0.02194 . 2.048
Pogition 282674 285, h55
Foz. Constr. 300, 2769 300, 2769
Tag Cis Cls
Comp [ndex -1 -1
Agypmmmetry I, 0.0000 0.0000
% Concentr, £9.39 3061
Create ¢ Marquards Paste
" Simplex
Copy Al Fit Components W
_Cow | Fusmus  Menecaio |
Cut FitSpine B8 | CopyandFit |
570 ‘ FIEL| RST ‘ Fit Step BG ‘ Copy Names|
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M Quantification Parameters |Z”E”E|

Hegiuns] Eumpnnents] D'ata Editor  Repart Spec. IFEF'T Hepu:urt]

Standard Reports
| Use Canfig File

Regions | Comps | [~ Usze Profile Format

Region: and Compz | Combined *with T ags |

Cuzstom Report

[luantification [tem Mames
Clsz
Cl2p
Mals
01z
Redqions | Comps | All |
Clear
R atio Reqgion | R atio Comp | R atio All |
M ames | Forrnula |
Area Repart | Height Repart | T ag Defined Repart

Creating Backgrounds and Regions

Quantification regions are energy intervals over which a background to the
peaks is defined.

CasaXPS Licensed to:A1 CASA - [test_nacl_161007.vms] =13
File Wew Window Options Select Help - 9 X
0| | | | B B[ B B o | B[ | 1 | [ 0 | 2 @8 OB | eem[ | 7 1| e[| @] ] SB[ @
D@ =@ bkl 2lalolnaly| E | @E O/ 6o 5m/| e i
_ ange  [wi.. [mats| o1s [ cis [ czp
Wide/2 1 [T =... [©.. |ci. lc..
x 10
N Regi '
45__ Mame Pas. A, 2QI0ns ] Eomponents] Data EdltDll Report Spec. l RPFT Hepolt]
. Na1s ci2zp 1920480 30.80 fwider2 ™ Calo Max
40 1 Ols 535.0480 17.84
] Cls 2549430 2204 Regions E C P
4 Ma 1s 1070.9480 2921 Mame 01z Cils M
35 ] R.S.F 078 0.278 1.
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A region is defined using the Regions property page where each region
appears as a column of parameters in a scrolled list.
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Regions l Eu:urnpu:unents] Data Editu:ur] Feport Spec. ] RPT Report

[ Calc Max
Reqions A, B C -
M arne BEE O Cls M.
R.5.F. 0.278 1.
Start 294,361 10,
End JEETEM| 527548 | 281.597 10
BG Type [INEEEM  Linear Lirear Lil
Av owdidth [T 1 1
St Oftzet IV ] ]
End Offzet I I I
Cross Se . [EEEDIEEOM| 299 54 [ 299 54 | 293 &
Tag BEE 01 Cls h.
Area E3735 32264 141491 11.
Std Dew ... I 0 0
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% Conce... 20.89 17.86 22.04 2t
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% >

Each column in the scrolled list is divided into editable parameters and
guantities computed for the region defined by the parameters.

Regons #
Mame 01z Cls M.
R.5.F n7a 0273 1.
Start 542063 294,361 10,
End 527 546 281.697 10
BG Tupe Linear Linear Li
A W idth 1 1

St Offget ] ]

End Offze i i

Crozs Se.. "9 293,54 | 293,54, | 299 .5
Tag RE: Clsz M.
Area [ Jecb.d LESEEA 1T.
Std Dew . ] i] i]

fibirn 214018 205011 337593 22
Pazitian 193.948 535.948 284.948 10,

% Conce... a0.89 17.86 22.04 25
bax Height | 578001 47854 1195.8 36(
ki Height -35.0 1237 -44.3 A

To edit a region parameter, left-click the mouse over the value displayed on
the table on the Regions property page.

Reqgions -
Marme M.
R.5.F. 1.
Start 10,
End 10
BG Type e, Lii
FOFR T e 1 1

The value modified within the edit text field is only accepted when the enter
key is pressed on the keyboard. Before pressing the enter-key, left-clicking the
mouse away from the edit field causes the previous value to be reinstated.

Regions are defined in terms of a regions name:

—

Cis M.

- =]

Pt — Ll -
| M ame ClZp

L T

Region names are user-defined names used to reference the information
determined from the region. Quantification tables typically include the region
name and more importantly quantities calculated from a region are specified
within custom reports using the names assigned to a region.
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A Relative Sensitivity Factor or RSF for a peak identified by a region is typically
extracted from the element library, but may be adjusted using the RSF row.

Regions | A = C -
[ FLGF 0001 278 T
EE=1v=) Lu— . aml g
End 195 569 a1 67 10

Atomic concentration tables are computed from the raw peak area divided by
the RSF parameter. Other corrections to the raw peak area are also applied
when determining the atomic concentration; however the instrumental
independent correction used to relate the relative intensity of different
photoelectric transitions for an element is encapsulated in the RSF.

The start and end parameters define the energy interval over which a peak
should be measured.

:

ESE
Start
End

[| A H
234,361
281.637

These energy limits define the point at which the background meets the
recorded data.

Start
- BG End

——

A range of background (BG) types are offered, the most commonly used types
are linear, Shirley and Tougaard.

R LY 1 T 1 (I}

= R27 RAR Thle I

EIE Tupe Lirear Linear Lil

[a X T ' I [x] | T [ ||

Linear backgrounds are typically used for insulating materials, while steps in
metallic data are modelled using a Shirley background.
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x 10

16

14 ] Au 4d

2] Shirley Background Type

T | T T T | T T T | T T | T T T | T
440 400 360 320 280
Binding Energy (eV)

éi_{T_l,lpe 5 hirley
The full set of background types can be selected via a dialog window invoked
by holding the Control key down and left-clicking over the current BG-type
setting before the parameter is an edit field.

Background Types @l

Background Mame | - )4
Mone
Lirzar Cancel
Shirley

Tougaard

W Tougaard

U Al Tougaard

11 Si Tougaard

U 5i02 Tougaard

I Ge Tougaard

U Paoly Tougaard

1 4 Tougaard

C 4 Tougaard

U + Tougaard

C + Tougaard

E Tougaard

E + Tougaard

Drefault
Adjuztable

[ ER

ir

Mean

Fem

Smoath

Spline Linear
Spline Shirley
Spline Tougaard
Spline Mone
Analytic Shirley
K.appa Shirley bl

A new background is selected from the list on the dialog window and is loaded
into the BG type text field when the OK button is pressed. To accept the
selection of the background type, press the enter key on the keyboard.

The BG type field may be typed into the edit-field as an abbreviation. The most

Ill”

commonly used BG types are entered using “l” for linear, “s” for Shirley and “t”

for Tougaard.

End 319.256 End 219 356 End 319.356
BG Type S hirley BG Type BG Type
A idh R | A widh I - Widh 3
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The background and spectrum meet at the two energy limits to the region.
Due to noise in the data, the actual data channel corresponding to the region
limits may not be most appropriate for defining the background intensity at
these limits. The Av Width parameter specifies the number of data channels on
either side of the data channel corresponding to the start energy or the end
energy over which an average intensity is determined for the background at
the limits.

CasaXP$ Licensed to:A1 CASA - [test_nacl 161007.vms]
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When using the Av Width parameter there must be sufficient data channels to
either side of both start and end limits before the background intensity is
determined using an averaged intensity. The largest source for precision errors
in XPS measurements is due to poorly defined background intensities. The use
of an appropriate Av width for the level of noise in the data is important.

Two additional parameters influence the intensity of the background at the
region limits. The start offset and end offset provide a means of scaling the
background intensity at the region limits. The value specified for these
parameters represents a percentage drop from the initial intensity computed
for the background intensity.

St Offzet 3
End Offzet I
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The cross section and tag fields are for advanced uses and therefore are not
discussed here.

Quantification of Survey Spectrum using Regions

The best route to creating quantification regions is via the Element Library
dialog window. The advantage of using the element library lies in the direct
link between specifying the peaks and the RSF scaling information from the
library. The simplest route to creating quantification regions is via the Find
Peak/Create Regions buttons on the element table property page.

M Element Library

Elernent Table l Periodic T able ] [yt File ] Exact Mazs ]

Mame | Energy | FwHM | RSF | LineShia
Gd 4p1/2 289 1 18 GL(3C
Th 4p 286 1 5,83 GL(3C
Th 4p3/2 286 1 3.99 GL(3C
Fu 3d3/2 204 1 5.1 GL(C
Eudpl/2 254 1 1.75 GL(3C
C1s 254 1 1 GL(3C
Srapl1/2 280 1 2.25 GL(3C
Fu 3d 279 1 125 GL(C
Fu 3d5/2 279 1 7.39 GL(3C
Fe 4d3/2 274 1 £.95 GL(3C
Os 4d 273 1 17.7 GL(3C
Os 4d5/2 273 1 105 GL{C w
¢ >

[ Zoom when Line Selected | Find Peaks |
[ Create When Line Selected :

} Create Regions
[ Use Libran FwHM

Clear All Elements | Edit Block Speciez/Tranz
| 282141 ;328301 Edit Source Analyzer Angle
#7+| #7-|  OverlaylinkedVBs | Display Linked VBs |

Regions are created via the Create Regions button for all those features on a
spectrum for which:
1. An element marker from the element library is active.
2. A feature within the data can be identified.
3.The RSF is the largest or the transition is explicitly selected for use via the
CasaXPS_quant.lib configuration file.

Using the element library dialog windowJEl, the first step is therefore to
enable element markers for all the appropriate species within the data. The
manual route to enabling element markers involves the element table, the
left-hand pane and the mouse. With the Element Table property page top-
most on the Element Library dialog window, left-click the mouse with the
cursor pointing at a peak in the data. The element table scrolls to display those
transitions with energies around the energy indicated by the mouse. Select the
most likely transition from the table on the Element Table using the name
field.
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Edit Source Analyzer Angle
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Element markers are placed on the data for all transitions in the element table

from the indicated element. The process is repeated for each peak in the data

until all peaks are assigned to element markers.
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Regions are created based on the proximity of element markers to the peaks in

the data. In the event the energy scale needs calibrating, the calibration step

should be performed before attempting to create regions.

To calibrate the energy scale for an individual spectrum:

Select the Spectrum processing dialog window

Select the Calibration propert

w|[=1fe P A

Y page

HEE

Differentiation

Processzing Histany

IesiData | PCA

Intenzity Calib. ]

torration | l Calculator l

|

alibration

Smoathing ]
I

Left click the cursor pointing at the peak maximum of an appropriate peak in

the left-hand pane and enter the True energy for the indicated peak.
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Press the Apply button to calibrate the spectrum in the active tile.
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Provided the peaks are within a tolerance of the element markers and the

peaks of interest are accounted for by the element markers, pressing the

Create Regions button on the Element Table property page will create a set of

regions on the spectrum.

1.4 LI

105 GLI3C v
»

[T |
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Create Reqions I

| C Ak Dl~~l- T

An annotation table offering a quantification table is added to the spectrum.

CasaXP$ Licensed to:A1 CASA - [CasaXPZ]

File Wiew Window Options Select  Help

0| | | H| B Bn| Ba|Ba| @ |

|| | | | 6 |

| Of@lm|w| 7 [ =&

| &l & 8pi?
ol a(E| pla] 2le|olnalv] E|wlwlm) nlm/s/esmse) ) B

B=1E9

- & X

CPS

451

40

35
30
25_f
20_§
15_5

10

Binding Energy (eV)

><1[]3
| UMM als | Na KLL | s
C KLL 0 KLL 1s I 2p
l C1s N
1 Narhe chs. FWHM!  Area A% o sz
Nals | 1070p133 2.2651| 90087.392 32.67 c:|2p3;2
iCldp | 197p116 3.1368| 19129.2D1 2581 P )
101 534B38p 3.0229 18286.2p6 19.29
1C1 283301 35795 71935p1 2223
| q
|
|
|
|
T | T T | T | T | T T |L_/\I T l_JAJ
1200 900 600 300

Exp Yariable [ wi. [nats| o1s [ cus [ cizp |
L (I w=. (0. [Ci. [d.. |
=g LE[x)
Fegions l Components] Data Editor] Feport Spec. ] RPT Hepolt]
|Wide.f’2 v Calc tdan
Regions A B C ~
M ame Mals Clzp [RE C
R.5F. 8.5z 229 2.93
Start 1077.562 204517 540.517 29
End 1063.62 | 190517 | B25.517 27t
BG Type Shirley Shirley Shirley Sk
Ay, Width 1 1 1
St Offset i 1 i
End Offset 0 0 0
Cross e [ 299 .54 | 299 54, | 239.54.. | 2935
Tag Mals Cl Zp 013 C
Area 300874 19125.2 18286.2 71
Std Dew ... i 1 i
fiashim 226514 | 313682 | 302293 35
Position 1070.31 197.612 534.839 28
% Conce... 32.67 25.81 19.29 2
Max Height | 36238.4 5201.9 47269 14
tin Height | -326.9 347 -202.4 -
< >
Create | Calculate Error Bars | Delete |
Create From Labels | Save Regionz ... | Copy and Paste |
Intensity Calibration oy [emes
[ Automatic |0 Update
STO| RCL| RST

52



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

The element markers used to identify and link the peaks to transitions in the
element library may be removed from the display by pressing the Clear All
Elements button on the Element Table property page.

282,141 : 328301

The guantification table may be repositioned on the data using the Annotation
History property page.
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With the Annotation History property page top-most on the Annotation dialog
window, a small box appears above the top left-hand corner of the annotation
table.

:n:1[l3

60 ] I"Tllxlarne Pos.
1 Nail1s 1070.3133

1 Cl2p 197.6116
50] O1s 534.8389

Pointing at the centre of the small box then dragging the mouse causes the
annotation to move to a new position the moment the mouse button is
released. Other adjustments to the intensity scale for display purposes can be
made using toolbar buttons.

AR ¥
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It is also advisable to check the quantification regions created automatically on
the data. The zoom options described above provide a means of systematically
stepping through the current list of quantification regions. If the Regions
property page on the Quantification Parameters dialog window is top-most,
stepping through the set of regions using the zoom options allows the limits
for the regions to be visually inspected and adjusted under mouse control.

Adjusting the limits for a region under mouse control involves using the mouse
to drag a limit to a new position. Region limits can be adjusted under mouse
control only when the Region property page is top-most on the Quantification
Parameters dialog window. A grey vertical zone indicates that the mouse is
active with respect to adjusting the region end points.
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Following an adjustment to the limits, the annotation table and Regions
property page are updated with the start and/or end energies defined by the
cursor.
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Manual Creation of Regions

Regions created based on element markers require an identifiable peak to
exist. If no such feature is located near the element markers no region is
created for the element in question. Under these circumstances manual
creation of regions is appropriate. While a Create button is available on the
Regions property page of the Quantification Parameters dialog window, peaks
from a survey spectrum have no means of assignment to transitions; therefore
the Element Table property page includes a feature for manually creating
regions specified via the name field in the element table.

To create regions one at a time:

1.Invoke the Quantification Parameters dialog window and ensure the
Regions property page is top most

2.Tick the box on the Element Library dialog window on the Element Table
property page labelled Create When Line Selected.

3.In the active tile, zoom the display to the energy interval about the
transition for which a region is required.

4.Left click the name field on the Element Table appropriate for the
transition.
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Adjust the start and end limits using the mouse or otherwise position the

region appropriately for the transition selected.
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Creating Peak Models

Constructing a peak model requires the definition of a background using the

Regions property page and the introduction of synthetic component peaks via

the Components property page.

The Regions property page is used to define a background to the data

envelope.

56



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

CasaXPS$ Licensed to:A1 CASA - [CasaXP78] M=E3
Eile  Wiew Window Options 3Select  Help - g x
0| [ | | e s e e ) | | Bt R | | 2 8 o[- 7 || ||| o | =[(a 2]
0|8 2 (W[E| bl 2le]ol|n|aly] Bl =@ m]m|=]ee] ] p]
C 15/19 :—pr Y, | \pS\-'Lildr:eN..z. C1s Regions lEomponents] [Drata Editor | Report Spec.] RPT Repart
1 SurVE§E2 |c13;19 I Calc Max
2
x 10 Feqgions |
40 7 Mame
E R.5.F.
] Start
] End
35__ BE Type
E B, idth
] St Off
30—_ E:1d D?fzntet
] Cross Section
1 Tag
25 A
E 7 S;EaDev Area
Q i fiahm
20 Fosition
i % Concentr,
] b ax Height
E Hin Heigh
15—_ F'é:uk Folanteak .
10_5 Create | Calculate Error Bars | Delete |
E Create From Labels | Save Hegions...| Copy and F'aste|
57 Intenzity Calibration
T | T T T | T T 1 | T T T | T T | T T 1 | ) Copy Mames
300 296 292 288 284 280 | ukamate o Update s70| et RsT|
Binding Energy (eV)

CasaXPS Licensed to:A1 CASA - [CasaXP /8]

File Wiew wWindow Options Select Help L
D| || | o) Bn| B | Ba| @ | 0| Bs 0 || | 0| @) O|&| m|--| 7 =] =5 @) ¢ Slal?
D s &E bkl 2alolnaly 7B D=6 6] mli] o glificalic
C 15/19 fxp Y., \-S\p'Li::rIzeN.I.z. C1s Reqions l Eomponentsl Data Editul] Report Spec. I RPT Fieport]
1 Survey|Z |E1s£19 [ Calc Max
2
40 _K 10 Reqions _ _
7 C1s + K 2p Region b e
] Start 298.815
4 End 282 445
35__ BE Type
. Ao Width I
] St Offzet I
30 End Oifoct N
N Crozs Se... [EEEDELEDVEEM
] T Cls
" 257 A?e?a [ 125488 |
o 1 StdDev .. 1
Q N feahirm 1.31595
20 7 Puosition 284.8100
i % Conce... 0.00
] tax Height 508
] tdin Height -44 5
15 Peskto.. 0.0
10_: Create | Calculate Emor Bars ‘ Delete |
E Create From Labels | Save Regiong ... ‘ Copy and Paste |
5 _| LA L e L LA L B B R ity B loeton Copy Mames
300 296 292 288 284 280 ¥ Automatic 0 Update || et st
Binding Energy (eV)

The intensity from a quantification region can be explicitly excluded from a
guantification report by entering an RSF of zero.
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The function of the region is to define the background only allowing the
intensities from the synthetic components to estimate the sample
composition.

Components are created using the Element Table property page in an
analogous way to the method for creating individual regions. Left-click the
mouse with the cursor over a peak as displayed in the left-hand pane. The
Element Table scrolled list changes to display those transitions around the
energy indicated by the cursor.
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Tick the box on the Element Table property page labelled Create When Line
Selected. With the Components property page top-most on the Quantification
Parameters dialog window, left-click the appropriate name field within the
element table for the transition identified in the left-hand pane.

295 1 18.4 GL[3C
294 1 3.97 GL[3C
294 1 2 B2 GL[3C
293 1 kb GL[3C
L dpase 293 1 412 GL[3C
Th 5= 290 1 0. 702 GL[3C
Ce 4= 290 1 1.24 GL[3C
Os 4d3,/7 290 1 F.23 GL[3C
£ >
| Zoom When Line Selected Find Peaks

Create Reqgions

A peak is added to the display and the Component property page is updated.
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New peaks are added to the data where the residual is the greatest. The new
peak is therefore unlikely to appear in the correct position with respect to the
peak envelope. Using the mouse, point at the peak maximum for the newly
created peak and drag the cursor to the appropriate position for the synthetic
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Repeat the process for each peak believed to be part of the model.
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The example involves two elements and potentially five chemical states: one
chemical state for the potassium and four for the carbon data. The two
potassium peaks are part of a double pair; therefore the RSF for the combined
pair of peaks is used when quantification is performed.

While it would be possible at this stage in the peak modelling process to press
the Fit Component button on the Component property page, the number of
peaks and level of noise in the data suggests that constraints will be required
to achieve a valid physical description based on non-linear least squares peak
fitting.

A peak model is defined in terms of a name field and RSF serving exactly the
same function as the name and RSF fields for regions. Fields specific to
components are the line-shape parameter and the three parameters for area,
position and full width at half maximum (FWHM) of the synthetic component.
The parameters determined in a least squares sense are the area, position and
FWHM. Constraints are available for restricting the possible values for these
parameters during optimisation.
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Constraints take two forms:
1.Parameter intervals offering a range of acceptable values for each
parameter adjusted during a least squares optimisation.
2. Relational constraints between parameters from different components.
An interval is specified as a pair of numerical values separated by a comma:

E F
Cis
) 1
GLIE0)
4432 4
Area Conztr. = 0.0, 10000000.0 0.0, 1000000C
II.I..I- I_I.I - .I 'I 4
. 028.7
284.708
02,208 . 2791
C1z
1

o

Relational constraints involve specifying a parameter as related to a parameter
from a second component in terms of an offset or a factor. For example, the
area ratio of two peaks from a p-orbital doublet pair is in theory 2:1. To impose
this theoretical relationship for a potassium doublet, for example, the
following constraint forces the 2p;/, peak to be twice the size of the 2p,,, peak:
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tveaConstr | B*05 |00 0000 | 0.0 J00000
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Relational constraints are defined in terms of the column header letters, thus
to force the area of the peak in column A to be half the area of the peak in
column B, the constraint entered in column A is “B*0.5”. Similarly, the FWHM
can be defined as a factor constraint, while a position constraint is defined in
terms of an offset to a second parameter.

Component i, B C
M armne T Clz
R.5.F. 2.97 1.5 2.97 1

Lire Shape GL{=0] GL30]
frea B22E e a245.1
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Poz. Constr. 02208, 2. S02.208 , 27
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Line Shapes
CasaXPS offers many different functional forms for synthetic components. The

line-shapes are specified using strings entered into the line-shape field on the
Components property page. Line-shapes are described in detail elsewhere in
the CasaXPS manual; however the most commonly used synthetic line shapes
are product Gaussian-Lorentzian GL(m) and sum Gaussian-Lorentzian SGL(m),
where m=0 is a pure Gaussian and m=100 is a pure Lorentzian shape.

Comporiett A, B

YEE 512p 342 512p 1472

F.5.F. ] 20 0328 e

Line Shape || La[1.4.2.10)] §LAM.4.2700]

Area 347, 19706 B _
Area Constr. | 0.0, 10000, A 705 0
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The line-shape LA(a,b,n) offers asymmetric line-shapes based on the
Lorentzian functional form convoluted with a Gaussian.

A useful means of monitoring complex peak models is via a components
annotation table displayed over the data.
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Exporting Peak Models as Data
)@ ||
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Peak model data are exported via the clipboard. Display the VAMAS block for
which a peak model is prepared in the active tile and press the toolbar button.
A clip board selection dialog offering a table of data, where the table includes
columns for binding energy, kinetic energy, spectral data in CPS, component
data, the background intensities and the total synthetic envelope. These data
can be saved as a TAB spaced ASCII file or copied onto the clipboard and
pasted into software capable of accepting text data through the clipboard.
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Quantification using Standard Reports

Quantification reports are text-based information generated from
quantification regions and/or components defined on VAMAS blocks. The most
common form for a quantification report is a tabulation of atomic
concentrations calculated from regions on survey spectra.
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The Report Spec property page on the Quantification Parameters dialog
window provides the means of creating quantification reports from VAMAS
blocks selected in the right-hand pane of the experiment frame. Creating a
guantification table from regions on a survey spectrum involves:
1. Defining a configuration file.
2.Selecting the VAMAS block in the right-hand pane of the experiment
frame.
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3.Pressing the Region button in the Standard Report section of the Report
Spec property page.
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The configuration files for the Standard Report section are a set of ASCII files
located in the CasaXPS.DEF directory. These configuration files contain
keywords, one per line, specifying the type of information included in the
columns of the text base report. The configuration file for the Standard Report
Regions button is called RegionQuantTable.txt.
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The keywords listed in the file RegionQuantTable.txt are used to arrange the
columns of the quantification report provided the Use Config File tick-box is

ticked.

Standard Reparts
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Regionz and Compz | Combined '#fith T ags
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Selecting the VAMAS block in the right-hand pane before pressing the Region

button causes a new view into the experiment frame to appear within the

CasaXPS window.
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The quantification table displayed in the new window can be copied through

the clipboard or saved to disk by pressing the Copy toolbar button. Once on

the clipboard, any program capable of accepting text from the clipboard may

receive the data by requesting a paste action (usually Control-V).
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To return to the experiment frame displaying the spectra either switch

windows via the Window menu of CasaXPS or close the text report window.
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Similar configuration files are available for configuring reports for each of the
buttons in the Standard Report Section.

Transferring Regions and Components to other Data

Depth profiles are just one example of data sets where quantification
information needs to be propagated throughout a set of similar spectra. The
techniques described below are equally applicable to data from a range of
experiments and apply to data spread over many VAMAS files as it does for
data collected into a single experiment frame.

The propagation of quantification information to other spectra will be
discussed using an example of a depth profile performed on a multi-layer

m ial
aterial.
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The data set consists of a set of survey spectra measured f llowing a sequence
of etch cycles. To examine the change in composition with etch time, the
survey spectra require quantification regions appropriate for the entire set of
spectra. Ultimately, each spectrum in the profile will have regions defined on it
and therefore minor adjustments on a spectrum-by-spectrum basis are
possible; however to obtain a reasonably good initial set of regions, the
spectra are overlaid in the active tile so that all variations of the peaks can be

assessed whilst defining the regions.
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Create a region for each line in the survey spectrum representative of the
elements present. First create a region for the O 1s peak using the element
table method described above. Two chemical states of oxygen are clearly
present in the data; however a single region will monitor the amount of
oxygen in the profiled material.
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Zoom into the Ti 2p peak envelope and add a region to measure titanium
based on the Ti 2p peaks.
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Similarly add regions for carbon and silicon.
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The regions as the data stands are all defined on the first spectrum displayed
in the active tile. The next task is therefore to propagate the regions from the
first spectrum to the remaining set of spectra.

Ensure the spectrum for which the regions are defined is displayed in the
active tile in the left-hand pane.
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Select the set of survey spectra in the right-hand pane.
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Move the cursor over the active tile displaying the spectrum for which the

regions are defined and right-click the mouse. A Browser Operations dialog
window lists the set of selected VAMAS blocks. Tick the Regions tick-box in the
Propagate sections and press the OK button.
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A progress dialog may appear briefly and on completion, the regions are
transferred to the selected VAMAS blocks.
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The objective for a depth profile is to display the variatio_n of the signal as a
function of depth. For this example, the depth will be measured in terms of
etch-time; nevertheless, the type of report required to produce the profile
differs from the format obtained from the Standard Report. To generate a
profile as a function of time, the Custom Report section on the Report Spec
property page is employed.

Custom B epaort

Cuantification ltem Hames
Cl=
01z
S5iZ2p
TizZp

Comps | All |
Clear

Fiatio Fegion | F atio Comp | Fiatio Al
M ames | Farmula |
Cls Cls
01s 01s
SiZp SiZp
TiZp TiZp

Area Repart | Height R eport | Tag Defined Repart |

The custom report is designed for profiling experiments. The set of
guantification items (regions and components) defined on the selected VAMAS
blocks are listed in the Quantification Item Names table. From these
qguantification item names a set of named formulae are prepared.

NB: The name fields are used to define the relationships between the
intensities in a profile. A special relationship is automatically applied to any
quantification items assigned the same name. Specifically, if two
quantification items have the same name then the intensity for the items
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with the same name are added together. It is therefore very important to
name regions and components with different names whenever a custom
report is used.

Since the current example includes only regions, pressing the Region button
transfers the region names into the table of names and formulae.

Cuzstom Report

belieiatfic:ation |tern Mames |

Comps | Al |
Clear

R atio Reqgion | R atio Camnp | R atio All
M ames | Forrnula |
Cls Cls
0= 0=
SiZp SiZp
TiZp Tizp

Area Report | Height Report | Tag Defined Report |

On pressing the Apply button in the Custom Report section, a column

orientated quantification report is generated.
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The text based report may be transferred through the clipboard to other
programs or plotted within CasaXPS either as a separate file or appended to
the current VAMAS file. Appending the profile data to the current file allows
cross referencing the profile to the spectra. Both options are available on the
File menu offered when the profile is tabulated.

Choosing the Add Profile menu option on the File menu adds the profile data
to the original spectra as a temporary additional VAMAS file. The presence of a
profile file is indicated in the bottom left-hand corner of the active tile.
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spectra, press Control-F8 on the keyboard. The profile view of the data set can
be used to mark a set of etch times using a cursor drag-action coupled with
holding the Shift Key down; on switching the display to the spectra using
Control-F8, the set of etch times marked by the cursor become selected.
Similarly, a contiguous selection in the spectrum view will determine the
location of a cursor on the profile view of the data.
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Copying Data to a New Experiment Frame

The depth profile VAMAS file continues to only contain the spectral data even
after the Add Profile menu option is applied. To preserve a profile the VAMAS
blocks containing the profile traces must be copied to a new experiment
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frame. The new experiment frame can be saved once populated with the
profile VAMAS blocks. To copy VAMAS blocks between experiment frames:
1.Select the VAMAS blocks in the right-hand pane.
2.Either, create a new experiment frame using the File menu or toolbar
button, or switch focus to an existing experiment frame.
3. Press the Copy and Paste VAMAS blocks toolbar button.
4. Press the OK button on the Copy Selected VAMAS blocks dialog window.
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Annotating Spectra

Text and tables are added to spectra via the Annotation dialog window.
7 |=
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< >
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Fant [ Wertical Text Apply

l
|
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Text may be added to the display as individual items of annotation. Each piece
of annotation appears in a list on the Annotation History dialog window. The
list allows the annotation items to be selected, amended and deleted using the
options on the Annotation History property page.

The position of the annotation on the display is indicated by a small box next
to the annotation text. Pointing the cursor at the box and dragging the cursor

to a new position causes the annotation to move the moment the mouse
button is released.
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Modifying a piece of annotation involves selecting the annotation in the
Annotation History list.
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I Annotation |Z||§|[z|

[uantification ] Peak Labelz ] Text ]
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annot text peak, Data 12... JMES
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3 | =
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Fant [ Wertical Text Apply |

IC1s

To alter the font, press the Font button and choose a new font for the selected

annotation item.
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[ Strikeaut

B T

[ Underline AﬂBb I‘}'Zz

Caolar:

|- EBlack ﬂ Seript:

|Westem ﬂ

Press the OK button on the Font dialog window and then press the Apply
button on the Annotation History property page.
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To adjust a specific annotation item, left-click the box located next to the
annotation on the display. As a result, the annotation item is to move to the
top of the list on the Annotation History property page.

Initially Ce LMM text is not visible in the scrolled list without scrolling through
the list.
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Left click the box beneath the Ce LMM annotation text on the display in the
left-hand pane. Clicking the box causes the annotation item to move to the top
of the list.

B Annctation

[uantification ] Peak Labels ] Text ]
Annatation H iStDr_'r' F Egigng l I:DITIFIDHEI"I':S l
=l | g b ﬂ'inn r.s
annat text peak, Data 66, Ce Lk
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< >
Delete Paosition Type
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Font [ “ertical Text Apply
IC1s

Select the Ce LMM item on the Annotation History property page. To make the
annotation horizontal rather than appearing in the initial vertical orientation,
un-tick the Vertical Text tick-box and press the Apply button.
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Auger Spectroscopy

Auger peaks in an energy spectrum are an indirect consequence of the
excitation of core level electrons. Subsequent relaxation of the excited state
induced by the interactions of a primary electron with an atom may result in
the emission of an electron with a characteristic energy. These Auger electrons
appear superimposed on a background of secondary and backscattered
electrons.
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The energy from the excitation source, typically an electron gun, alters the
electronic state of an atom within the surface by ejecting a core level electron.
The relaxation of the excited state occurs as a separate event from the core
level excitation, so the characteristics of the excitation source have no
influence on the energy with which Auger electrons are ejected from the
surface. Auger electrons for an atom in a given chemical state always have the
same energy regardless of the energy imparted by the primary electron beam
or even when excited by other means such as x-rays. An oxygen Auger line, O
KLL for example, appears at the same kinetic energy in a spectrum for both
electron bombardment induced Auger or XPS induced Auger, regardless of the
anode material in the x-ray gun.
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Auger peak intensities do depend on the excitation source and therefore Auger
element libraries must include relative sensitivity factors for the specific
electron gun energy used to excite the surface material.

The Auger mechanism involves exciting a core electron followed by the decay
of an outer electron to fill the core level. The new electron configuration is
energetically unstable and results in the emission of energy by ejecting an
electron with an energy characteristic of the intermediate states. These Auger
transitions are often labelled using the letters assigned to the principal
guantum numbers for the electronic shells: K, L, M, N, ... with subscripts
differentiating the sub-shell structure.
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For a more complete description of the Auger mechanism see Briggs and Grant
ISBN 1 901019 04 7.

Auger Electron Spectroscopy (AES) is performed using a Concentric
Hemispherical Analyser (CHA or HSA) or a Cylindrical Mirror Analyser (CMA).
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The AES technique is offered in a stand-alone form and also as a multi-
technigue instrument, often including XPS to complement the advantages of
AES. Sub-micron spatial resolution requires a means of isolating vibrations and
Mu-metal shielding from stray electric and magnetic fields.

¢ Concentric Hemispherical
Analyser

Auger, SEM and

XPS Instrument Xray Gun

Monochromator

The following is concerned with spectra acquired using a CHA operating in
fixed retard ratio mode or a CMA.

Quantification of AES Data

The acquisition mode for AES data determines the characteristics of the
spectra and hence the quantification of peak intensities. CHA instruments
typically have a response as a function of kinetic energy which behaves as an
inverse power of the kinetic energy
1

R(E) « 7
where the exponent n is typically in the range 0.5 to 1. Historically AES spectra
are measured using a fixed retard ratio FRR mode for the CHA. The FRR mode
records the number of electrons reaching the detector as the kinetic energy of
the ejected electrons is stepped such that the ratio of the initial kinetic energy
of the electron to the pass energy of the analyser is maintained as a constant
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during the acquisition. A consequence of using FRR mode is that the energy
resolution of the data changes with kinetic energy so that at high kinetic
energy where the response of the CHA is reduced, the energy width accepted
by CHA increases; the signal accepted by the CHA for electrons emitted with
higher kinetic energy is greater than for lower energy electrons. The resulting
spectra are therefore more uniform in intensity over a wide energy range. In
particular, the high yield of secondary electrons at low kinetic energies is
attenuated by the FRR mode, thus protecting the detector system from
excessive count rates. As a result of these practical considerations, AES data
are more difficult to quantify in terms of peak areas, therefore the method
used to quantify Auger spectra is to measure the intensity of a transition using
a differentiated spectrum, determining the peak intensity by the difference in
the positive and negative going derivative peak heights.
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The so called direct spectra, as recorded, must be numerically differentiated to
provide the data in a form suitable for quantification in terms of peak to peak
intensities.
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Some instruments, in keeping with the past, acquire the data using hardware
signal differentiation, which partially accounts for the quantification based on
peak-to-peak intensities. Most AES spectra acquired from modern instruments
are in direct mode and so must be numerically differentiated before
quantification is performed.

The energy window for a CMA instrument is proportional to the kinetic energy
of the analysed electrons. The CMA acquisition characteristics are therefore
equivalent to data acquired using a CHA in FRR mode.

Differentiation of Spectra

Differentiating data in which noise is a component requires the use of a more
subtle approach than Newton-Cotes differentiation. A least squares approach
attempts to mitigate the influence of noise on the resulting derivative.

Savitzky-Golay Method

Two options on the Spectrum Processing dialog window commonly used for
smoothing of experimental data and the determination of derivatives are
performed using the algorithm proposed by Savitzky and Golay (A. Savitzky
and M. J. E. Golay, Anal. Chem., 36, 1627 (1964)). The same algorithm is
employed to differentiate spectra as is used to smooth data and therefore it
should be clearly understood that the act of differentiating a spectrum using
the Savitzky Golay method necessarily includes a smoothing operation.
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Theory
Given a set of data containing both signal and noise, the initial objective of the
Savitzky-Golay method is to replace the raw data by a smoother set of data
representing the true signal responsible for the record intensities. For a
constant underlying signal, the most natural means of estimating the true
signal from a set of measurements would be to average the values. The act of
averaging a set of values is in fact one example and possibly the simplest
applications of the linear-least-squares principle. Spectral data, on the other
hand, typically contain peaks superimposed on a background signal and
therefore a more subtle use of averaging is required if the essential structure
in the data set is to be retained. One way to use the averaging process, but to
maintain information relating to the variation in the intensities, is to perform a
local averaging for each bin within a spectrum; for example, each data bin
could be replaced by the average of three bins, the bin itself and the two bins
on either side of the bin. The averaging operation could be applied to a data
set via a digital convolution of the data bins with a convolution kernel
consisting of the values {1/3, 1/3, 1/3}. These simple, yet often used concepts
are at the basis of the Savitzky-Golay method, which in essence applies the
least-squares principle to determine an improved set of kernel coefficients for
use in a digital convolution, where these improved coefficients are
determined, in the least-squares sense, using polynomials rather than, for the
case of averaging, simply assuming a constant value determined from a sub-
range of data bins. Indeed, the Savitzky-Golay method could be seen as a
generalisation of averaging data, since averaging a sub-range of data
corresponds to using a Savitzky-Golay polynomial of degree zero.
To illustrate the Savitzky-Golay method, consider the specific example in which
five data bins are used to approximate a quadratic polynomial. The polynomial
can be expressed in the form:

p(x) = ay + a;x + a,x?
where the coefficients a, a; and a, are determined from the simultaneous
equations in which the abscissa x is the index for the data bin; the origin is
always placed at the central data bin, thus the abscissa values corresponding
to each of the data binsare {-2, -1, 0, 1, 2}:
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1 =2 4 d_
1 —1 1]|[% d_q
1 0 0 a]_ = do
1 1 1lla, d,
1 2 4 | d, |
or
Aa=d

where the evenly spaced data bins {d_.,, d.;, dy, d;, d,} are selected with the
target of replacing the value for d, with the value for the polynomial at x = 0 or
p(0) = a,. Since there are five equations and only three unknowns, the
coefficients to the polynomial must be determined in the least-squares sense,
where the linearly independent basis functions are 1, x and x°. The normal
equations yield:
ATda = A"d

Since AA is a square symmetric matrix of rank three, the coefficient vector a is
determined from [A'AJ'A’, the top row of which yields the prescription for
computing the value of gy, namely:

Ag = [SO,SLSZ,S3,S4-] do

d, |

Thus, for each set of five such data bins, the central bin can be replaced by the
value determined for a,. In other words, a digital convolution using the five
point kernel {s;} and the raw data bins results in a smoothed set of data bins,
where a linear least squares quadratic polynomial is used to model the data,
five channels at a time.

Similarly, the derivative of a spectrum can be computed using the Savitzky-
Golay polynomial. Again the intention is to approximate the derivative at a
given point in the spectrum using the derivative of the polynomial at x = 0.
Since dp(0)/dx = a,, the second row of the matrix [A'A]’A” yields a second
convolution kernel for computing the derivative of the spectrum and, apart
from the difference in the kernel values, the computation of the derivative
proceeds in an analogous fashion to that of the smoothing calculation.
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Creating Derivative Spectra for Peak-to-Peak Quantification

Direct spectra are converted to differentiated spectra using the Spectrum

Processing dialog window.

nif=1fs o AR

I Spectrum Processing
Froceszzing History ] alibration ] Intenzity Calib, ] Smoothing ]
Differentiation l Integration ] Test Data ] PCA,
b ethod Smoothing ‘width
©« 56 Quadraic || |5
" SG Quartic
[ Apply to all coresponding vanables Apply
|Diff SG D[2] PE)]

] Calculator ]

The Differentiation property page on the Spectrum processing dialog provides
a choice of two Savitzky Golay methods and a smoothing width value. The
parameters used in the Savitzky Golay differentiation option depend on the
source of the relative sensitivity factors used to quantify the data. For
example, the set of RSFs in Appendix C of Briggs and Grant are designed for
data acquired using an energy step size of 1 eV and differentiated using a 5
point quadratic Savitzky Golay differentiation method. Matching the
acquisition step size and Savitzky Golay parameters is important because these
influence the peak-to-peak height determined for an Auger peak. Consider a
Gaussian peak with a FWHM of 7 eV tabulated at 1 eV and 0.5 eV step-sizes:
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If differentiated using a 5-point quadratic Savitzky Golay method the peak-to-
peak measurement for the same functional form differs by 10%.

= gaussian fwhm 7 step 0.5ev.tsf
+ gaussian fwhm 7 step 1ev.tsf
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The FWHM used for the Gaussian is typical of an oxygen KLL peak. The scale of
the difference between peak-to-peak intensities for peaks of different FWHM
when measured using different step-sizes also varies. A peak-to-peak intensity
for a peak with FWHM 10 eV when measured using 1 eV and 0.5 eV and
differentiated using a 5-point Savitzky Golay method differs by 5%.

The RSFs in Briggs and Grant are specified for a 4 eV energy interval numerical
differentiation. In principle data acquired at 0.5 eV should therefore be
differentiated using a 9-point Savitzky Golay method, while data acquired at 1
eV would require a 5-point Savitzky Golay differentiation. While matching the
number of points used in the Savitzky Golay method to the step-size can
improve the acquisition step-size dependency, the test peak of FWHM 7 eV
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still results in a 1.8% difference in peak-to-peak height when tabulated at 0.5
eV steps and differentiated with a 9-point quadratic Savitzky Golay than when
tabulated at 1 eV and differentiated with a 5-point quadratic method.

Converting Direct Spectra to Differentiated Spectra

To convert a spectrum from direct form to differentiated form:
1. Display the spectrum in the active tile.
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2.Invoke the Spectrum Processing dialog window and select the

Differentiation property page.
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3.For data acquired using 1 eV step-size, select the SG Quadratic radio

button and enter 5 into the smoothing width text box.

kethod Smoothing ‘Width
* 5G Quadratic 5

" 5G Duartic

4. Press the Apply button on the Differentiation property page.
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An entry appears in the scrolled list on the Processing History property page.
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Only the spectrum in the active tile is affected by the Differentiation property
page. When other spectra are included in the experiment and also require
differentiation, the processing performed on the spectrum in the active tile
can be propagated to data selected in the right-hand panes of the experiment
frame as follows:
1.Display a spectrum in the active tile for which the differentiation
operation is already performed and the Processing History property page
displays the text string for the differentiation instruction (e.g. Diff SG D(2)
P(5)).
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2.Select the data blocks in the right-hand pane for which the differentiation

operation is also required.
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3. Place the cursor over the active tile in the left-hand pane and invoke the

Browser Operations dialog window by right-click the mouse button.
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The Browser Operations dialog window lists those VAMAS blocks selected in

the right-hand pane of the experiment frame and offers a set of tick-boxes

which specify the type of information to be propagated from the VAMAS block
displayed in the active tile to the set of VAMAS blocks in the scrolled list.

4. Check the list of selected VAMAS blocks on the dialog window and tick the

propagate Processing tick-box.
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ko 02805-016 za e al_reportzpec.vmz | chdocuments and settingshhe

C 02305-016 za e al_reportspec.vms : chdocuments and settingshne.

] 0805-016 za e2 al_reportzpec.vmz | chdocuments and settingshhe
Ersandal 2 02805-016 za e al_reportzpec.vmsz | chdocuments and settingshhe
AL 02805-016 za e al_reportzpec.vmsz | c:hdocuments and settingshhe
Er1l 0805-01E za &2 all reportzpec. vins o hdocuments and settingsine ™
£ [ »

5. Press the OK button on the dialog window and confirm that the data are

now displayed as differentiated spectra.
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Quantification Regions for AES data

Peak-to-peak intensities are measured using quantification regions.
Quantification regions specify:
1.The name for the region; also referred to as the quantification item name.
2. The relative sensitivity factor, labelled RSF, for the peak intensity.
3.The energy interval over which the peak-to-peak intensity should be

determined.

Quantification regions are used for XPS data and therefore other fields such as
background type are also present on the Regions property page, but for peak-
to-peak measurements these other fields are of no importance.

The Quantification Parameters dialog window is available from the Options
menu or via the top toolbar.
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A region is manually specified using the Regions property page on the

Quantification Parameters dialog window:
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Regions l Eumpnnents] D' ata Editu:ur] Fieport Spec. ] RPT Hepu:urt]
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End
BG Tupe ZE0
A width
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End Offz=t NG
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Std Dew ... ]
frubimn 5 29664
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kd aw Height 16236
ki Height 30825
Peak to ... 100.00
Create | Calculate Error Bars | Delete |
Create From Labels | Save Regions ... | Copy and Paste |
Intensity Calibration o Names|
v Automatic |
| d| 5TO| RCL| RST
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The name field in the quantification region is used to label the values

computed for the region in quantification reports.

Heqgions B,
I arne C1
hrr I Tk I T

Meaningful names improve the readability of quantification reports. Further,

the name field is used for manipulating intensities in the Custom Report used

for depth profiling experiments and therefore region names used in the

Custom Report should begin with an alphabetic character.

Custom B epart

Quantification [kem N ames |

Erl
Mo
Mo o
R egionz | Compz | All |
Clear

R atio Fegion | R atio Comp | F atio Al
Mames | Farmula |
Erl Er1-Mol1*0.33
ko1 ko1

Area Repart | Height R eport | Tag Defined Repart |

The peak-to-peak intensity is scaled using the RSF field on the Regions

property page.
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R.5.F. 0.6143
Chot —— e

The RSF is typically stored in the element library and retrieved using the
Element Library dialog window as described below.
The energy interval over which the peak-to-peak intensity is computed is

defined using two limits labelled start and end.
m.a.r.

Start
End

me T

While the background type for peak-to-peak intensities is irrelevant from the

computational point of view, from a display perspective a background type of
zero provides a more meaningful reference than the typical XPS background

types.

Ayl I < <
BG Type

AL St T ——

Creating Quantification Regions using the Element Library
The advantage of creating quantification regions using the element library lies
in an explicit selection of the transition and therefore RSF appropriate for the
Auger peak. Regions are created using the Element Table property page.

3| & || 7 [ ]

M Element Library E“E|E|

Elerment Table l Perindic: T able ] [rpuat File ] Exact Mass ]

Mame | Energy | FwHM | FR.SF | LineShes
Tel 456 1 1.7752 GL[AC
Cr1 491 1 1.2827 GL{AC
01 510 1 1.2571 GL{3C

I 510 1 1.0035 GL[3C
510 1 0 GL{3C

I TN 511 1 0 GL{AC

12 519 1 1.0024 GL{3C
Cr L 525 1 0 GL[3C
Cr2 531 1 1.5052 GL{3C
e MNN 532 1 0 GL{AC
el 537 1 0 GL{3C
Ml 545 1 0.7037 GLI3C »
¢ >

[ Zoomwhen Line Selected Find Peaks |

[ Create When Line Selected

Create Regions
[ Use Library FaHM giors_|

Clear Al Elements | Edit Block Species/Trans
| R1273: 537054 Edit Source Analyzer Angle
47+ #7-|  OverlaylinkedVBs | Display Linked VBs |

The scrolled list on the Element Table property page combines with the
Regions property page on the Quantification Parameters dialog window to
create regions for the spectrum displayed in the active tile.
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To create a region using the Element Table property page:
1. Display a spectrum in the active tile.
2.Invoke both the Quantification Parameters and Element Library dialog
windows.

mll= [ SH |

3. Left-click the mouse with the cursor over the Auger peak in the left-hand

pane of the experiment frame. The table on the Element Table property
page scrolls to display those energies around the energy indicated with
the cursor and mouse.

4.Tick the box on the Element Table property page labelled Create When
Line Selected.

1 LI W TIET] LN 2 Es0eu0]

I W Create When Line Selected I
T T1ze | NrAr F R

5.Ensure the Regions property page is top-most on the Quantification
Parameters dialog window.

[JHEE“DHS n:nmpn:nnents] Data Editn:nr] Repart Spec:.] RPT Repart I%
|

6.Using the name field on the Element Table list, select the transition

corresponding to the data in the active tile.

: e 4 A E
|_|:|1 | 510 1 1.2571 | [
S . - [
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A region is created with name and RSF assigned from the element library entry

selected.
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7.Adjust the start and end for the quantification region by either entering

new values on the Regions property page or under mouse control.
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Propagation of Quantification Regions

A region defined on a spectrum can be propagated to other spectra for the

same transition. The propagation of regions is analogous with the propagation

of processing operations described above in the context of differentiating a

data set of many direct spectra.

To propagate a region:
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1. Display the spectrum for which a region is defined in the active tile.
2.Select the set of VAMAS blocks in the right-hand pane to which the region
in the active tile is to be copied.
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3. Right click the mouse with the cursor over the left-hand pane and select

the tick box labelled Regions in the Propagate section of the Browser

Operations dialog window.
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4.Check that the scrolled list on the dialog window contains the intended set

of VAMAS blocks and press the OK button.

On completion, the set of spectra selected in the right-hand pane are

populated with copies of the region or regions defined on the spectrum in the

active tile.
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Quantification Reports

Quantification reports are generated from those VAMAS blocks selected in the
right-hand pane of the experiment frame for which regions are defined. The
Report Spec property page on the Quantification Parameters dialog window
offers the two principal mechanisms by which quantification reports are
generated, namely, Standard Reports and Custom Reports.

B Quantification Parameters E||E|PZ|
Fiegions ] Compaonents ] Data Editar  Repart Spec. l RPT Fepoart ]
Standard Reports
[+ Use Config File
Comps [ Use Profile Format
Reqions and Comps | Conbined *ith T ags |
|- Custom Report—]
[uantification lkerm M ames L
ALT
C1
Er1l
ko1 L
Reqgions | Compsz | Al |
Clear
A atio Reqion | R atio Comp | R atio Al
M arnes | Forrnula |
AL AL1
C1 C1
Er1l Erl
Mo 1 Mol
o1 o1
Area Report | Height Report | Tag Defined Report |

The Report Spec property page offers the means of quantifying data acquired
as separate narrow scan spectra. The spectra used to quantify a surface
composition must be displayed in the same row as viewed via the right-hand
pane of the experiment frame.
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The organisation of the VAMAS blocks in the right-hand pane is based on the
element (species)/transition VAMAS fields in the data blocks and the
experimental variable assigned to the VAMAS block. The values for these

VAMAS block parameters may be altered using several toolbar options.

The Edit VAMAS fields dialog window acts on the data displayed in the
tile. Other dialog windows act on selections in the right-hand pane.
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VAMAS blocks with the same element/transition fields appear in the same

column

in the right-hand pane, while VAMAS blocks with the same

experimental variable appear, where possible, in the same row.
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Standard Reports

Standard reports are configurable row-orientated reports generated from

survey and/or narrow scan spectra measured from the same surface. Creating

a quantification report involves:

1. Creating quantification regions for each peak used to characterise the

sample.

2.Selecting in the right-hand pane the VAMAS blocks containing the spectra

for which regions are defi

ned.
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3. Invoking the Quantification Parameters dialog window and selecting the
Report Spec property page.

4. Pressing the button labelled Regions in the Standard Report Section on the
Report Spec property page.

When the Regions button is pressed, if the Use Config File tick-box is ticked a
configuration file is used to define the information appearing in the text
report. A detailed discussion regarding these configuration files is presented in
a later section. The report generated from one specific configuration file
appears as a text report in CasaXPS.
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A quantification report generated from the standard report options is copied
through the clipboard by pressing the Copy toolbar button or Control-C at the
time the text report window has focus in CasaXPS.
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Any program capable of accepting text via the clipboard can be used to further
manipulate the data. The data placed on the clipboard includes a variety of
tabulation formats, not all applicable to peak-to-peak data.
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Configuration Files for Standard Reports
The configuration files for the standard report are constructed from a set of

keywords entered into an ASCII file one keyword per line. The keywords are:

Keyword Description
VARIABLE Experimental Variable value from the VAMAS block or Row Label when in Edit Mode
NAME Region or component name.
POSITION Peak position.
FWHM Peak full width at half maximum
AREA Peak area correct for transmission and energy dependence but not RSF
RSF Relative Sensitivity Factor
CONCENTRATION % Atomic Concentration
ERROR_BAR Std Deviation in % atomic concentration for regions
START Quantification region lower limit
END Quantification region upper limit

PEAK_TO_PEAK

Intensity for peak to peak Auger Peak intensity maximum to minimum
XPS/SIMS peak height above background

PEAK_TO_PEAK_CONC

% Concentration measured using peak to peak intensity

LINE_SHAPE

Synthetic line-shape for a component

AREA_ERROR_BAR

Std Deviation in peak area measured using a quantification region.

TRANSITION_TAG

Tag string from region or component

POSITION_CONST

Component position constraint string

AREA_CONST

Component area constraint string

FWHM_CONST

Component FWHM constraint string

COLUMN_LABEL

Column character appearing above a region or component on the respective property page

DEGREES_OF_FREEDOM

Degrees of freedom used to compute the figure of merit from least squares fit.

VAMAS_BLOCK_NAME

VAMAS block identifier

CENTROID Position of the centroid of a peak
MASS Mass assigned to a region or component
MASS_CONC % Mass Concentration

103



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

SIGNAL_TO_NOISE Std Dev for noise distribution

CORRECTED_AREA Peak area corrected by the total sensitivity factor
TOTAL_SENSITIVITY_FACTOR | Combined factor from RSF, Transmission and energy dependence factors
TRANSMISSION Transmission function value at peak maximum

MEAN_FREE_PATH Kinetic energy dependence factor

RAW_AREA Uncorrected integral of background subtracted signal

PEAK_PLUS Peak intensity above background

PEAK_MINUS Peak intensity below background

SIMS_PEAK_AREA Summation of data channel

VAMAS_BLOCK_SAMPLE_ID | VAMAS Sample Identifier string

Notepad or any other means of creating an ASCII file can be employed to
create the configuration files.

I RegionQuantTable_AUGER.txt - Notepad E]@@
File Edit Format Wiew Help

wapMas_ BLOCK__MNAME
wapmas_ BLOCK _SAaMPLE_TID
MAME

POSITION

RSF

FEAK _TO_FPEAK

FPEAK _TO_PEAK _COMC

The configuration file used to generate the standard report is located on the
disk relative to the directory containing the CasaXPS.exe executable file.
Within the same directory as the CasaXPS.exe executable file is a directory
called CasaXPS.DEF. Default settings enabled on starting a new CasaXPS
session are also saved in the CasaXPS.DEF directory.

Each type of configuration file for the standard report options is identified by
key names; specifically, the file called RegionQuantTable.txt provides the
configuration information for the columns in the standard report generated
when the Regions button in the standard report section is pressed. Similarly,
other configuration files with key names are associated with the other
reporting options in the standard report section. These configuration files are
used by default each time a standard report is requested and are most
appropriate for those users requiring a fixed format for each report generated.
A further feature allows a choice of configuration files. If a directory exists in
the CasaXPS.DEF directory by the name of QuantTables, then on pressing a
standard report button the user is offered a list of configuration file. The
report format is dependent on the choice made from the list.
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Since all files in the directory CasaXPS.DEF/QuantTables are offered in the
dialog window, the names of the files within the QuantTables directory are

unimportant and therefore the correct configuration file for the type of data
must be selected.

%]

=]
File Edit ‘iew Favorites Tools  Help -f

- 1 ._.‘] -
O Back. \_/l lﬁ 7 Search (T Folders
address || Cr\Documents and SettingsiMeal\My DocumentsiyworkingDiriCasaz3150evaz Casaz3150evalCasaxPs, DEF\Quant Tables a0

RegionuantTable_AUGER Ext
Text Document
1 kB

- QuantTables

File and Folder Tasks

1] “1 1]

Iim Renarme this File
u:-i Maove Ehis File
D Zopy this File

Auger Configuration File

=] E-mail this file
I RegionQuantTable_AUGER.txt ... [Z |[B][X]

File Edit Format View Help

WamMAS_BLOCK _MAME
VAMAS_BLOCK_SAMPLE_ID|
MNAME

POSITION

RZF

PEAK_TO_PEAK

FEAK _TO_PEAK _CZOMC

File Edit Format Wiew Help

WAMAS _BLOCK _MAME
MAME
POSITION

3

TRAMSMISSION
COMCEMTRATION

To quantify the Auger survey:
Select in the right-hand pane the VAMAS block containing the AES survey
spectrum and press the Regions button from the Standard Report section.
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On the resulting dialog window, select the configuration file from the list and
press the Select button. The quantification table appears with column
headings defined by the configuration file.
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A different report is obtained from a similar sequence of steps for the XPS

survey spectrum recorded from the same sample and located in the same
VAMAS file. By selecting the configuration file prepared for XPS data an
appropriate report is selectively produced; XPS spectra are typically quantified
using peak area after background subtraction rather than the peak-to-peak
approach of Auger spectra.
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In the event no selection is made from the dialog window invoked by pressing
the Regions button, the default configuration file for the Regions button is
used to generate the report. The default configuration file for the Regions
button on the Standard report is located in the CasaXPS.DEF directory with the
key name RegionQuantTable.txt.

& CasaXPS.DEF = )B)X]
File Edt ‘iew Favorites Tools  Help f
- s \] -
e Back, _/l lj‘ 7 Search (T Folders
Address |l,i‘| CHiDocuments and Settingsitealiby DocumentsWorkingDirCasa23150ev32 Casa23150evB2 CasasPs . DEF v | (0
s IC)QuantTables
File and Folder Tasks & Ej CombinewithTagsQuantTable, bxk
o |‘§j ComponentQuant Table, bk
®i Rename this File "
Iy Maowe this file [Z] MiscCalaurs. bxt
D Copy Ehis File Ej ParameterFile, bxt

&N Publish this file to the _ [E] PrintFoothiote.bxt
Web [Z] RegionCompanentQuantTable.bxt

) E-mail this file [M)reqionQuantTable, bt
'Sy Print this File E] settings.txt

¥ Delete this file ] spectra.txt
Ej SyntheticCompColours, kxk

W

The selection dialog window only appears if the QuantTables directory exists in
the CasaXPS.DEF directory. The default configuration file for the Regions
button is automatically used if the CasaXPS.DEF directory is prepared without
the QuantTables subdirectory.

Custom Reports

Custom reports are not configurable and data are presented in columns with
each row of the table associated with an experimental variable. The intention
is to provide a means of profiling changes in spectra with respect to etch time
or angle or any parameter that varies through the course of an experiment.
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The Custom Report, like the Standard Report, only applies to the current
selection in the right-hand pane of the experiment frame. Regions and
components are treated identically within the custom report and are referred
to as quantification items, where both forms of these quantification items are
identified by the name fields used in the definition of the regions and
components. When a VAMAS block is selected in the right-hand pane, all the
region names and component names are collected into a list displayed under
the heading Quantification Iltem Names.

Cusztom B eport

Cuantification [tem Mames ﬂ
Al
C1
Erl
kol W

Only quantification item names appearing in the Quantification ltem Names
list are used in the custom report.

CasaXPs Licensed to:A1 CASA - [0B05-016 sa e2 all_reportspec.vms] 9 (=1[E3;
File View ‘Window Options Select Help - | &%
0| | | | B G| o | i | B | | | | [0 | OB | o oo 2 [ | ||| @] ] SB[ 2]

== e R s EA R A PN AR A B E S = ml = = B A = B
Ekch Time [<] [aE.. (e [xp.. Tar. JEr.. [mo.. [ cc [ oo [Er..
0 |AE... | AE... [®P... Ef ...
% W Quantification Parameters | Er...
240 () C P BIEI Er ...
360 Ere
480 Hegions] Eomponents] Data Editor  Report Spec. l RPT Heport] Er ...
600 Ere
720 Standard Reparts Er ...
540 W Use Config File Er ..
2 980 Regions | Comps [~ Use Profile Format 2 2o
O 1050 Er ..
il Regions and Comps | Combined ‘ith Tags | & o0
1320 Er ..
1440 Er ..
1560 Er ..
26 Custom Report T
_ ] 1800 Quantification ltem N ames ”~ i
T T T T T e T I T 1920 i B
50 55 60 65 70 75 80 85 90 110 130 150 170 190 |zo40 ol Er ..
. . . . 2160 Er B gon
kinetic energy (eV) kinetic energy (eV) 220 e v o
o I s} 2400 [EH
2520 P (EF oos
Regionz Compsz All
3 2640 | | Clear EEE
30 x 10 2760 E—=— | Ea— | Fa— | Er...
- 2880 alo Fegion ablio Lamp atio Er ...
] 3000 (EF oos
3120 N ames | Formula | S
3240 Al Al Er ...
3360 C1 [ Er
[7:) [7:) 3480 Erl Er
o o 3600 Mo Mol i
S Qo 3720 01 o1
3640 r
3960
4050 2 . & noo
4200 Area Report Height Report Tag Defined Report B
3] 4320 r
T[T Ll 4440 Er ..
180 195 210 225 240 260 280 300 460 490 520 |[4sa0 Er.

kinetic energy (eV) kinetic energy (eV) kinetic energy (eV)

A custom report is defined in terms of the currently active quantification item
names using the Name and Formula table.

M ames | Formula |
Al Al
C1 C1
Erl Erl
il il
01 01
Area Repaort | Height Report | T ag Defined Repart |

The Names and Formula table can be initially populated using the set of
buttons between the two tables. Pressing the Regions button between the
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Quantification Item Names table and the Names and Formula table causes the
set of unique region names currently displayed in the Quantification ltem
Names table to be transferred to the Names and Formula table. The Names
and Formula entries can be edited by right-clicking the mouse with the cursor
over a name entry in the lower table.
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The function of the buttons between the two tables is to provide an initial
state for the Names and Formula table. Although the action apparently loads
the Names and Formula table using information from Regions, for example, it
is important to note that any component with the same name as a region will
also be included in the custom quantification report regardless of whether the
Region button was initially pressed. The objective for the custom report is to
provide a flexible means of combining intensities from both regions and
components, so to differentiate between regions and components different
name should be used.

A further word of warning is that any quantification item with identical names
will be summed together. This feature makes it doubly important that regions
and components should be assigned different names. The consequence of not
using unigue names for regions and components is the intensities will
effectively be doubled for any spectrum for which a region defines the
background for a component. Peak fitting with components is rarely
performed for Auger spectra, so this warning is less important for Auger as for
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those using XPS, but nevertheless, custom reports will sum regions with

identical names therefore an awareness of the mechanism is important.

For the purposes of profiling the data being used as an example, initially a

custom report simply based on the region names is sufficient. To create the

Names and Formula entries:

1.Select the VAMAS blocks containing the quantification regions previously

prepared.
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2.Press the Regions button between

section.

3.Since the data are

Cuztom Feport

the two tables in the custom report

[uantification [tem Hames

A
Al 1
1
Er n
kol i
Regions Comps | All |
— Clear
Fatio Region | R atio Comp | Ratio Al |
M ames | Forrnula |
Al Al
C1 C1
Er Er
Mol Mol
o1 o1
Area Report | Height Report | Tag Defined Report |

in derivative form and therefore

peak-to-peak

intensities and RSFs are in use, press the Height Report button in the

custom report section.
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The resulting quantification table represents two sets of traces, namely, a set
of corrected peak intensities in CPS and a set of atomic concentrations
expressed as a percentage. These data may be placed on the clipboard using
the Copy toolbar button (or Control-C) and pasted into plotting software or
further manipulated in CasaXPS. A VAMAS view of the profiles is obtained
either as a separate VAMAS file or within the current spectrum file using the
File menu offered while the report window has focus.
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~—  Close Report
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The Create Profile menu option causes a new experiment frame to appear

containing two rows of VAMAS blocks. The top row corresponds to the atomic
percentage columns in the quantification report, while the second row in the
new experiment frame corresponds to the RSF corrected peak-to-peak
intensities.
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The second option for displaying the profile data allows the features in the
profile to be correlated with the spectra from which the profile is derived.
Selecting the Add Profile menu option from the File menu causes the profile
data to be added to the original VAMAS file containing the spectra. When a
profile is added to the spectral data, a string is added to the display of the
spectra in the active tile.

=10

110 120

Cirl+Fa PEOFILE

The string Ctrl+F8 Profile indicates that holding down the Control key on the
keyboard and pressing the F8 function key cause the display to switch from
spectra to the most recently added profile data.
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A raw Auger depth profile may therefore be viewed in spectrum format, where
rows of spectra ordered with respect to etch-time, and processed profile
format, where traces computed from the spectra are plotted against etch-
time. The Control+F8 key stroke not only switches between the two
perspectives of the data, but also changes the display of the spectra based on
the position of the cursor when viewed in profile format, or the displayed
position of the cursor in the profile format based on the selection in the right-
hand pane when viewed in spectrum format. The row currently selected in the
spectrum format of the profile, and therefore the etch time, translates into to
position of the cursor on the profile format of the data. Similarly, a cursor
placed on the profile format of the data becomes a selected row of spectra
when the Control+F8 action is pressed causing the display to revert back to the
spectrum format.

It is also possible to indicate a range of spectra via the normal selection
mechanism in the right-hand pane of the experiment frame displaying the
spectra. On pressing Ctrl+F8, a pair of vertical cursors indicates where in the
profile the selected spectra correspond in the profile. Again, if a pair of vertical
cursors is placed on the profile trace, on switching back to the spectrum form
of the data, the range of spectra indicated by the cursors on the profile
becomes selected in the right-hand pane of the spectrum form of the data.
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To mark the profile with a pair of cursors, hold the Shift key down while
dragging the cursor across the active tile displaying the profile. On releasing
the mouse button, the drag box marks the position of the two cursors.

An Advanced use of the Custom Report

The profile used to illustrate the custom report involves erbium and
molybdenum. The basic profile created using region intensities suggests a
correlation between the molybdenum layer and the erbium surface layer.
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Since the erbium Auger peak used in the profile is located near a molybdenum
peak, examining the intensity of the erbium will require a more detailed
analysis than simply following the profiles of region intensities. Examining the
direct spectra at etch-times close to the molybdenum interface confirms the
influence of the molybdenum Auger line on the intensity measured for erbium.
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It is therefore proposed to calculate the erbium intensity using the
molybdenum region to remove the molybdenum peak-to-peak intensity
contribution from the erbium region. To estimate the relationship between the
peak-to-peak intensity for the molybdenum interference and the Mol Auger
transition, a representative pair of spectra is selected and used to measure the

intensity ratio of the Erl region to the Mol region, where it is assumed the Erl
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region is at a point in the profile such that the erbium signal is negligible

compared to molybdenum.

Measuring the ratio of these molybdenum peaks can be performed using the

custom report:

1.Select the two VAMAS blocks containing the erbium and molybdenum

data for an etch-time where erbium is not significant.
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2.Select the Mol name in the Quantification Item Names table on the

Custom Report section of the Report Spec property page before pressing

the Ratio Region button.

Cusgtom Beport
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Er

Regionz
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All

R atio Reqgion || R atio Camp

R atio Al

|| Clear

M arnes

| Farmula

kol

Er Erl / hol
kMol / Mol

The Names and Formula table is populated with formulae involving a simple

division with respect to the Mol quantification items selected in the table

above. Pressing the Height Report button followed by the Copy toolbar button

results in a dialog window from which the ratio can be selected, copied, and

then pasted into a new set of formulae for profiling the full experiment.
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To profile the full experiment:
1.Select all the VAMAS blocks for which regions are defined.
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2. Press the Regions button between the Quantification ltem Names table

and the Names and Formula table.
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3. Right-click with the cursor over the name field for the Erl entry in the

4. Enter the formula for the modification to the erbium intensity based on

the ratio previously dete

rmined.

Report Entry Editor

Mame
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Ihzert | Delete |

.............

Ok Cancel |

....................

5. Press the Height Report button on the Custom Report Section.
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The custom report table can again be exported using the Copy toolbar button,

or a VAMAS form of the profile can be created using the File menu.
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Ideally, the relative intensity of the Mol peak to the molybdenum peak
measured at the same energy as the erbium should have been measured using
a molybdenum standard rather than assuming a value computed from the
profile data.

An alternative to manipulating the peak intensities via the custom report is to
use a least squares approach to separate the erbium from molybdenum
interference.

Least Squares Approach to Depth Profile Interpretation
A least squares procedure offers a means of partitioning a spectrum into

component spectra. The component spectra are chosen to embody the
transitions responsible for the measured data. Once these component spectra
are determined in a least squares sense, the relative contributions of these
underlying transitions to the measured data can be identified using
quantification regions in exactly the same way any spectrum in the profile is
quantified.

The least squares procedure is described in the context of the Savitzky Golay
algorithm for differentiating the Auger direct spectra. The essential difference
in the least squares decomposition of spectra compared to the Savitzky Golay
algorithm is the basis functions are now spectra rather than terms (1, x, x°, ...)
in a polynomial. The net result is the same in the sense that a spectrum s is

expressed as a linear combination of a set of n component spectra c..
n

S = z a;C;
i=1
The coefficients a; are determined in a least squares sense and the spectrum s
is therefore decomposed into component spectra a;c;.
By way of example, the erbium/molybdenum problem will now be addressed
using a least squares decomposition.

Least Squares Example

While the data in the Auger depth profile will be quantified using the
differentiated spectra, since the act of differentiation involves a Savitzky-Golay
operation which effectively smoothes the data, the least squares analysis will
be performed on the raw direct spectra rather than working with already
processed differentiated data.

The first step is to identify the component spectra for use in the least squares
decomposition. Overlaying the Erl VAMAS blocks in the active tile offers an
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easy partition of the data into three forms: pure erbium, predominantly
molybdenum, and background signal measured at depths below either the
erbium and molybdenum layers.
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In general it is good practice to improve the signal to noise ratio in the
component spectra by adding together appropriate sets of spectra from the
three zones identified. While the Calculator property page on the Spectrum
Processing dialog window provides a means of combining spectra acquired
under varying conditions, the data from the depth profile are very uniform in
the acquisition parameters; therefore, summing a set of spectra such as these
is achieved in a simple fashion using the Test Data property page on the
Spectrum processing dialog window.
The Test Data dialog window offers a range of miscellaneous processing
options, two of which permit data to be summed without regard to acquisition
conditions. That is, these options are only appropriate for very specific cases in
which all the spectra have identical numbers of data channels. To sum data
from a set of VAMAS blocks:

1.Select an appropriate set of spectra over which a summation can be

performed.
2.Invoke the Spectrum Processing Dialog window and select the Test Data

property page.
mlf=ifss 1 VAL

3. Overlay the selected VAMAS blocks in the active tile.
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4. Press the SUM button on the Test data property page.

Note: the SUM All button should not be used as the SUM All button includes
each corresponding variable in each VAMAS block in the summation. Most
spectra include transmission function information as a corresponding variable;
therefore, the resulting spectrum would be incorrect if the SUM All button
were used. The SUM All button is used for imaging data sets where spectra-at-
pixels appear in the VAMAS file as corresponding variables in VAMAS blocks.
Following the use of the SUM button acting on the spectra overlaid in the
active tile, a new VAMAS block appears in the right-hand pane which contains
the sum of the spectra appearing in the active tile.
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For the current example where three zones within the profile are identified,
the summation steps need to be repeated for the molybdenum layers and also
the layers beneath both the erbium and molybdenum layers. The resulting
experiment frame now contains three additional VAMAS blocks appended to
the column headed Erl. Adjusting the VAMAS block identifiers for these three
summed spectra helps to understand the context of these data in the
experiment frame created by the linear least squares procedure. The toolbar
option for editing the block identifier applies to the VAMAS blocks selected in
the right-hand pane.

op |58 [ o] ] =4

Edit VAMAS |dentifiers All Files Pz|

E;C;E.

|dentifiers

v Update Block |d : :
v Update Sample 1d %
v Update Species/Element
Iv pdate Transition

Block Id: {Er1 Sum

Sample |d: ||:.'r"3|E 1

Species; |Ef 1

Transition: |Er 1

[ Update MFP Exponent

MFP Exp: |0

Align VAMAS Blacks | E—— T |

Having created the three component spectra, select and overlay the
component spectra in the active tile.
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The component spectra overlaid in the active tile are used to fit the spectra
selected in the right-hand pane. To create an experiment frame containing the
least squares decomposition of the erbium spectra:
1.Select the column of erbium spectra.
2.Invoke the Spectrum Processing dialog window and select the PCA
property page.
3.Press the Generate Spectra button in the Linear Analysis section of the

property page.

Linear &naly=is

BG Subtract

Marmalize CPS ‘ Generate Spectra \

Ayerage

A new experiment frame opens containing a row for each VAMAS block
selected in the original experiment frame containing the depth profile. Each
row includes the original VAMAS block followed by the least squares
approximation to the original spectrum based on the component spectra,
followed by each scaled component spectrum.
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In order to profile the erbium signal, the column in the new experiment frame
corresponding to the scaled erbium component from the least squares
decomposition must be copied back to the original depth profile experiment
frame. Once the erbium component is returned to the originating data file, the

123



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

profiling steps can be followed where the unprocessed erbium spectra are
replaced in the profile by the new least squares component data.
To copy the erbium components:

1.Select the column of VAMAS blocks representing the erbium component

spectra.
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2.Switch focus to the original experiment frame and press the Copy/Paste
toolbar button.
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The VAMAS blocks corresponding to the components are now moved to the
original experiment frame.
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Since the component erbium spectra represent the contribution of the erbium
only, the profile is now performed as before based on simple regions where
the component spectra replace the role of the raw erbium spectra. That is, the
component spectra require differentiating and a region created for the Erl
transition before the profiling steps are repeated for the file. The raw Erl
spectra are not included but are substituted by the component spectra.
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The profile created by this method also removes the apparent correlation
previously obtained by the basic analysis of the profile with simple regions.
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While the linear least squares approach is a powerful tool when used correctly,

the least squares criterion may produce poor representations of the original
spectra due to an incomplete set of component spectra. For this reason, the
results of a linear least squares decomposition are offered in a new
experiment frame with the view to assessing the validity of the decomposition.
Overlaying the raw spectrum together with the least squares solutions
provides a visual feedback of how well the procedure applied to the profile

data.
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A useful option for displaying the spectra generated from the least squares

procedure is the Tile by Row toolbar button.

0|8 =/ e[E@]
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Selecting a set of rows in the right-hand pane before pressing the toolbar
button causes the creation of one display tile per row of selected VAMAS
blocks in the right-hand pane where each tile appearing in the left-hand pane
displays an overlay of spectra from a row of selected VAMAS blocks.
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CasaXPS Element Library

Elemental identification and quantification using XPS/AES spectra rely on the
maintenance of libraries containing peak positions and relative sensitivity
factors. The default CasaXPS element library is compiled using rough peak
positions and Scofield cross-sections for aluminium and magnesium X-ray
anodes to represent the corresponding relative sensitivity of the photoelectric
peaks relative to the C 1s transition. While appropriate for some, these peak
energies and relative sensitivity factors will not satisfy all and therefore the
CasaXPS system offers mechanisms for user, technique and sample specific
element library creation. This section describes the means for modifying the
element library in CasaXPS.

Element Library Format

The CasaXPS element library is an ASCII file. The first line in the file is a version
number, which may be 0, 1 or 2. Library files updated from version 2.3.15 of
CasaXPS are written in version 2 format. The format for version 1 and version 2
files is TAB spaced ASCIl organised so that the data are easily edited in a
spreadsheet program such as Excel. The difference between version 2 and
version 1 formatted files is simply the ability of the version 2 format to include
additional user-defined TAB spaced fields appended to the end of the standard
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set of fields defined for version 1 library files. Each entry within an element

library file consists of the following standard fields:
1.Element
2. Transition
3. Label/Name
4. Mass (Daltons)
5.Energy Type (BE or KE)
6.Energy (eV)
7.F.W.H.M.
8. Line shape (e.g. GL(30))
9. Relative Sensitivity Factor

10.  Excitation source string

These standard fields when viewed via a spreadsheet appear as follows:

F3 Microsoft Excel - casaXP5.lib

File Edit Wew Insert Format Tools Data  Window Help Acrobat - . B X
DEeE =- jh 2 7 ad -0 - B 7T U S=E=EB P % E --A- 2
3.
J10 - fe Mg
A B C b, E F G H | J K |

1 1 =
2 Bi Gp Bi 6p 0.00E+00 BE 3.00E+00 1.00E+00 GL{30) g 41E-02 Al

3 |Po bp Fo Gp 0.00E+00 BE 5. 00E+00 1.00E+00 GL{30) 1.36E-01 Al

4 |At bp At Bp 0.00E+00 BE a.00E+00 1.00E+00 GL{30) 1.98E-01 Al

5 Rn 6p Rn 6p 0.00E+00 BE 1.10E+01 1.00E+00 GL(30) 2. T2E-01 Al

6 Fr Bp Fr6p 0.00E+00 BE 1.50E+01) 1.00E+00 GL{30} 3.3TE-01 Al

7 Ra bp Ra 6p 0.00E+00 BE 1.90E+01) 1.00E+00 GL{30} 3.96E-01 Al

8 |Th bp Th 6p 0.00E+00 BE 4 30E+01 1.00E+00 GL(30) 4. 99E-01 Al

9 U bp U 6p 0.00E+00 BE 1.90E+01 1.00E+00 GL{30} 5 09E-01 Al

10 |Bi Gpd/2 Bi 6p3/2 | 0.00E+00 BE 3.00E+00 1.00E+00 GL{30) 4 56E-02{Mg

11 |Po bp3/2 Fo 6p3/2 | 0.00E+00 BE 5. 00E+00 1.00E+00 GL{30) 7 45E-02{Mg

12 | At bp3/2 At 6p3/2 | 0.00E+00 BE a.00E+00 1.00E+00 GL{30) 1.10E-01{Mg

13 |REn bp3/2 Rn 6p3/2 | 0.00E+00 BE 1.10E+01 1.00E+00 GL(30) 1.52E-01|Mg

14 |Fr Bp3/2 Fr6p3/2 | 0.00E+00 BE 1.50E+01) 1.00E+00 GL{30} 1.93E-01{Mg

15 |Ra bp3/2 Ra 6p3/2  0.00E+00 BE 1.90E+01) 1.00E+00 GL{30} 2 30E-01fMg

16 | Th bp3/2 Th 6p3/2 | 0.00E+00 BE 4 30E+01 1.00E+00 GL(30) 2 93E-01fMg

17 |U bpd/2 U 6p3/2 0.00E+00 BE 1.90E+01 1.00E+00 GL{30} J.01E-M ME 1

18 |Pb 6p Phb 6p 0.00E+00 BE 1.00E+00 1.00E+00 GL{30} J.48E-02 Mg -
4 4 » »\casaXPS/ |« | i
Ready

For a large number of changes, using a spreadsheet is the best means of

constructing a CasaXPS library; however, for small alterations the Element

Library property page offers dialog-window-based adjustments of the library.

Note how the library entries visible in the spreadsheet include two different

excitation source strings, namely Al and Mg. A single library file may contain

any number of entries corresponding to different excitation source strings;

however, when used in CasaXPS these strings are matched to the excitation

source string in the displayed VAMAS block in the active tile. Only those library

entries for which a match occurs are displayed on the Element Table property
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page of the Element Library dialog window. Thus, an XPS spectrum displayed in
the active tile measured with an Al anode, and therefore assigned a source
label of Al, will cause the Element Table property page to list only those
element library entries with matching excitation strings.

The transitions listed because of a match between the excitation source string
and the VAMAS block source label field are supplemented by transitions with
excitation source entries identified using the string Any. These additional
element library entries with excitation source string Any are for XPS induced
Auger transitions, the function of which is to simply mark the position of Auger
lines in any XPS spectrum. Since these Auger lines do not specify lines used in
quantification, the RSF for these Auger lines is typically zero. An XPS induced
Auger line for which an RSF has been established may be entered into the
library using an Energy Type of KE and excitation source string appropriate for
the data.
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2 Fiesolufion 20 ] = 20 Use Libray P = A
1 480 Clear All Elements | Edit Block Species/Tranz AL
J Mo Scans |1 J 3?23 | 45,481 : 4610.7 Edit Source Analyser Angle 2:
1 3640 . . . AL
Dwell Time |03 10 3960 HT +| HT - | Ovwerlay Linked VBs | Display Linked YBs | AL
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The element table offered for the XPS spectrum should be compared to the
entries displayed from the same element library file when the data in the
active tile is an Auger spectrum.
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The transitions offered in the element table are specific to the Auger data in

the active tile. When the Source Label field for the data includes the string

electron gun, the string used to match the entries in the element library is

constructed from the electron gun energy parameter in the VAMAS block.

Hence, in the current example data, since the electron gun energy is 3000 eV,

the string used to display the Auger transitions in the element table is S(3).

Although version 2 of the library format is aimed at editing library files within a

spreadsheet program, a mechanism exits within CasaXPS for making occasional

changes and additions to the currently loaded library file. The Edit Entry dialog

window is invoked by placing the cursor over the Name field for an entry in the

element table before right-clicking the mouse button. The current set of library

fields for the selected peak is displayed on the dialog window. These fields can

be adjusted, then either updated or a new entry created.
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The Edit Entry dialog window allows the library entry to be altered and then
updated using the OK button. Alternatively, pressing the Create button causes
a new library entry to be added to the element library based on the
parameters defined on the dialog window. The Delete button will remove the
entry used to invoke the dialog window.

Any modifications to the element library within CasaXPS are only written back
to disk once the current session of CasaXPS is ended. On exiting CasaXPS, a File
dialog window presents the opportunity to save the changes to a new
filename.

On starting CasaXPS, the library file CasaXPS.lib located in the same directory
as the executable file CasaXPS.exe is loaded as the default element library. In
general, when a spectrum is displayed in the active tile, on invoking the
Element library dialog window, the Element Table property page displays
those entries for which the excitation source string from the entry matches the
corresponding field in the VAMAS block holding the spectrum. The exception
to this rule occurs for AES data. If the excitation source field in the VAMAS
block is set to a string including the key words electron and gun, then for
Auger spectra the electron gun energy is used to construct the string used to
match an excitation source in the element library. For example, an AES
element library might include relative sensitivity factors for electron beam
energies 3 keV, 5 keV and 10 keV, and therefore should have entries with
excitation source strings S(3), S(5) and S(10).

-'j ' = - CasaXP5_format_aes_Culg.xlsx - Microsoft Excel - = X
- -: [ Page‘_E'}--JLi F-:nrluilllas ﬁf R-Ew v- L7 I
‘z & | Calibri -l - == S General v A = Insert - - zfi? }}
& B I U-A L EEE A By o 3% Delete ~ jv‘?‘_ -
| EeA] |[EEE] (WS O Eiromat - | 2+ Fitter~ selects
Clipboard = Font F] Alignment F] Mumber T Cells Editing
| 115 - | 0 ¥
A E C D E - G H J K L i
1 2 B
2 |Cu 1Cul 0 KE 916 1 GLi30) 0 5(3)
3 |Cu 1Cul 0 KE 916 1 GL(30) 1.1435 5(5]
4 |Cu 1Cul 0 KE 916 1 GL{30) 0 S{10)
5 |Cu 2/Cu2 0 KE 237 1 GLi30) 0 5(3)
B |Cu 2Cuz 0 KE 837 1 GL(30) 0.3473 5(5) E
7 |Cu 2/Cu2 0 KE 837 1 GL{30) 0 @],
8 |Cu 3 Cu3 0 KE Fisls] 1 GLi30) 0 5(3)
9 Cu 3 Cu3 0 KE Fisls 1 GL{30) 0.1899 5(3)
10 |Cu 3Cu3 0 KE isls 1 GL{30) 0 S{10)
11 |Ag 1Ag1 0 KE 357 1 GL{30) 05(3) |
12 |Ag 1Aag1 0 KE 337 1 GL{30) 3.2713 5(3)
13 |Ag 1Ag1 0 KE 357 1 GL{30) 0/5{10)
14 |Ag 2Ag2 0 KE 351 1 GL(30) 0 ({3
15 |Ag 2 Ag2 0 KE 351 1 GL(30) 5(5)
16 |Ag 2Ag2 0 KE 351 1 GL{30) 0/5{10) -
4 4 » ¥ | CasaXPS format_aes_CuAg .~ ¥J [ m | I
| Ready Awverage: 0.9904 Count:5  Sum:4.952 | /EH O M| 100% (=) [ (+) i)
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A set of sensitivity factors for AES are published in the book edited by Briggs
and Grant (ISBN 1 901019 047); different instrument manufacturers
recommend different sensitivity factors for specific instruments, so an
appropriate library for a given instrument should be prepared.

Importing a JEOL Element Library

A file format used by JEOL Auger instruments is supported in CasaXPS as a
means of importing transition and RSF information into the CasaXPS element
library. The file format is a relatively simple format.

File Edit Wiew Insert Format Help

D SR # B B

SANALLIZER LES # Aurge o

$TABLE_KIND ROI # ROI Table

$SOURCE  10.0 # Lee [Ev]

§3PC_KIND dif # Spectrum Wave Mode

H o.0o0 o.0o0 o.0o0

He o.0o0 o.0o0 o.0o0

Li 41.000 64 .000 0.446

Be 85.000 115.000 0.262

B 152 .000 196.000 o.215

C 234.000 Z292.000 o.121

i} 353.000 396.000 o.122

o 451.000 S52Z6.000 0.365

F 645.000 665.000 1.216

e o.0o0 o.0o0 o.0o0

Na Q77 .000 1007.000 0.462

Mg 1169.000 1199.000 0.363 hd
For Help, press F1

Importing these files into CasaXPS involves the Input File property page on the
Element Library dialog window.

B Element Library

Element Table ] Periadic Table

Input File §E wact Mass ]

orkingDirAES DatahJ EOL AES4AIF OKY RO st

Browse . Wfrike Lib

File Type
£ Caza=Ps lib " Kratos lib
" 55| Type 1 " 55| Type 2
" KAL lib " Simple Table
" RED Table " %G Av. Scofield

" WG Av. Wagner |+ JEOL AES

Load b erge

To import a JEOL formatted file:
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1. Using the File dialog invoked by the Browse button, browse for the ASCII
file. Select the file and press the Open button on the File dialog. The
selected file is entered onto the Input File property page.

2.Select the radio button labelled JEOL AES.

3. Enter the information into the element library by pressing either the Load
button to overwrite the existing element library or Merge button to add
the new entries to the current element library.

The JEOL library files include an entry specifying the electron gun energy;
therefore a JOEL formatted file is required for each electron-gun energy. In
addition, the JEOL library files are either for differentiated spectra peak-to-
peak measurements or direct spectra measurements. The two different files
contain different RSF values depending on the type of spectra analysed during
guantification.

Concentration Calculation

The principal means of comparing XPS/AES samples in CasaXPS is via
percentage concentration values. The names assigned to these quantities are
an indication of the source for the values rather than an assertion that the
tables necessarily contain atomic or mass concentration for the surface
material. The accuracy of these concentration values depends on appropriate
transition and instrumental specific corrections as well as matrix context for
the material analysed. The objective in using concentration values to
characterise a sample is to reduce the intensity values to a set of normalised
guantities in the hope that some of the measurement artefacts are removed
from consideration when different samples are compared.
A concentration calculation consists of determining intensities for the
transitions computed from the raw data [;, followed by a correction based on
the transition, encapsulated in the RSF R; and, where available transmission
correction T(E) accommodating instrumental intensity variations. The
concentration X; for an element is given by
l
X; =100 Y
I

A= ——
" T(E)R,
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The intensity I; may be measured using peak height above background, peak-
to-peak or peak area. For mass concentration the raw intensity is multiplied by
the mass for the element. The essential feature for these quantities is the
normalisation to the total signal measured.

While the standard method for measuring intensity for Auger spectra is based
on peak maximum to peak minimum (peak-to-peak) within a quantification
region, other methods are possible within CasaXPS. Extracting these
alternative intensity values is dependent on the background type used within
the quantification region.

To reveal the set of possible background types, hold the Control Key down and
left-click the mouse with the cursor over a background type string on the
Regions property page of the Quantification Parameters dialog window.

CasaXP5 Licensed to:A1 CASA - [agcu.vms] g@@
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o LX)
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] Cud 0220 134478 | Spline Tougaard
] Ol 5120 18514] |Spline None B | c |
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whrapalate 1 1
ClaesPak I a
] ol Lirnits End Oftzet I 0 1
» 1 Step Up Cross Se.. [EEEDNEEMM| 299 .54... | 299,542 27,
L o] | Step Down Tag Cul 01
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] Difzet Shirley fiwhm 351603 E.1864 239711
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The alternative methods from peak-to-peak for computing peak intensities are
for spectra in direct mode:
1.Peak height above background, where the background intensity is
measured at the left hand side of the quantification region.
2.Peak height above background, where the background intensity is
measured at the right hand side of the quantification region.
3.The ratio of the Peak height above background to the background
intensity.

The background types corresponding to these options are Height Left, Height
Right and (P-B)/B.
Height Right:
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The ratio of peak height above background divided by the background
intensity is a means of normalising the peak intensities with respect to
background variations. These ratios are sometimes referred to as
topographical corrections when used in the context of imaging where peak
and background images are measured. Imaging Auger instruments without
hardware signal differentiation necessarily measure images in direct mode and
therefore these intensity measures provide insight into the quantities
exploited by imaging instruments.

Auger Imaging in CasaXPS

The electron gun technology required for Auger spectroscopy is also capable of
generating spatially monitored Auger signal and therefore Auger imaging is
often included as an option. Submicron spatial resolution requires vibration
isolation and screening of stray electromagnetic fields within the analysis
chamber to allow precise scanning Auger microscopy (SAM). Not all Auger
instruments include such additional engineering, but nevertheless imaging is a
natural feature of Auger systems.

218 um 218 um
Max: 25985.7 Max: 8876.9

25985.7

118.1 | . MR A TSNVl g oo
Si2 1 Min: 118.1 Au2 3 Min: 0.0

CasaXPS

Auger images, when measured at a peak maximum are often difficult to
interpret. Fluctuations in the signal as a function of position on the sample
causes variation in the pixel intensities independent of the chemical
information desired from the surface of the material. The difficulty arises
because Auger images are typically collected in direct mode at the peak
maximum and unlike spectral measurements, are often taken in isolation;
background variations are sufficient to hamper the interpretation of such
images. In an attempt to reduce these effects, images are often also acquired
at an energy representative of the background and sometimes at a second
background energy, with the view to including a contribution from the
background to the final image and thereby improving the estimate of the peak
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intensities is the time constraint of doing more; however, the benefits of
allow spectra at each pixel to be determined. The example examined below
in which a gold grid is placed over a clean silver surface, and a set of Auger
images are acquired at unit eV step size across a silver Auger peak. As luck
would have it, a weak gold Auger line is also included in the energy range over
which the images were recorded and therefore the data set offers a means of

weigh the time penalty of performing the extended acquisitions of images and
(data provided by Pennsylvania State University, USA), is a simple experiment

height at each pixel. A common calculation for an Auger analysis is the, so
called, topographical correction computed from the peak maximum N; and a
background image N,, namely (N;-N,) / N,. A variation on a theme is to
The principal reason for analysing Auger images using peak and background
applying spectroscopic techniques to image analysis may, when possible, out

compute an image from (N;-N,) / (N;+N,).

yet effective procedure for creating elemental Auger

’

illustrating a simple

images. Viewing the full set of images in the raw direct mode intensity leaves

the impression that the grid is silver rather than gold.
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Rather than using the direct spectra, following the conventional wisdom for
Auger spectra, the data are differentiated and peak-to-peak measurements
made for each pixel in the image. Simple quantification regions are defined on
the spectra, one for the silver Auger line and one for the weak gold Auger line.
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CasaXPS

Two images of the peak-to-peak intensities are constructed; these two images
in turn are quantified using the standard procedure for quantifying spectra.

92.1 Max: 54.4
83.0 32.7
Y e 67.1 : i 16.9
Ag %Height Min: 45.6 Au %Height Min: 7.9

Casa# P35
The results are two images, where the silver image is free from intensity
variations other than the elemental surface composition. A comparison with
an image obtained from a topographically corrected intensity shows how the
normalisation to the total intensity for both Ag and Au regions eliminates to a
greater extent the shadowing from the gold grid on the silver.

.
Py

- (P-B)/B Shadow is not

present in the
concentration
image

Ag Concentration

Regardless of which of the three methods are used to process the raw Auger
images, the most striking point is all three methods recover the true
composition of the grid, namely, gold rather than silver.
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In many ways, the improved quality of the gold and silver images are
reassuring, since for years it has been assumed Auger spectra taken from a
single point on a sample can be compared by determining atomic
concentrations from the relative intensities of differentiated Auger peaks. The
images were determined from the peak-to-peak intensities without application
of relative sensitivity factors, however provided the appropriate data are
available, proper atomic concentration images are possible and these images
allow the surface to be viewed using the same regime normally adopted for
spectra.

Auger Image Analysis Steps in CasaxXPS

The essential sequence of steps required to process the image data is as
follows:
1. Convert the image set to spectra at each pixel.
2. Differentiate all the spectra.
3. Define quantification regions for each transition and propagate these
qguantification regions to each VAMAS block containing a row of spectra.
4. Convert the region intensities to images.

Within these steps there are potentially sub-steps and these sub-steps are
detailed below based on the original data for the given example.

The Auger images were acquired on a PHI Auger system, in this particular case,
using two data files in which the saved images correspond to a sequence of
unit energy steps over an interval spanning 370 eV to 331 eV. Since the data
are in two separate files, the first job after the data are converted to VAMAS
format is to assign the correct energy to the experimental variable for each
image and then move the images into a new experiment frame.
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Ordering the Images using the Experimental Variable

Initially, when converted through CasaXPS, the PHI .map files each contain half
the images for the entire data set. The images are assigned the same
experimental variable and the species/transition VAMAS block fields are all
different, therefore the VAMAS blocks appear in the right-hand pane of the
experiment frame as a single row.

Energy (e

To convert a set of images to spectra at each pixel, the images must appear in
the same column and the experimental variable for each image assigned the
value for the energy at which the image was acquired. To reorganize the data
as required, the next step is to assign the species/transition fields for each
VAMAS block in the file:

1.Select the entire set of VAMAS block in the Experiment Frame.

Since the data blocks appear in a single row in the right-hand pane, the entire
set of blocks are selected by either left-clicking the mouse with the cursor over
experimental variable value; or click once on the button heading the column
for the experimental variable values. Both these actions will result in the full
set of VAMAS blocks being selected. The former action relies on all the data
appearing in a single row, whereas the latter selects the entire set of VAMAS
blocks in the experiment frame.

EL
2.Press the TR lbutton on the second toolbar and enter new

Element/Transition strings on the resulting dialog window. When the OK
button is pressed, all the selected VAMAS blocks are assigned the pair of
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strings entered on the dialog window and as a consequence, the right-
hand-side of the Experiment Frame is reordered so that all the VAMAS
blocks appear in a single column.

SpeciesfTransition Assignment E|

Element |-‘1"-E|f’-"1"-d

Tranzition |
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Once the VAMAS blocks appear as a single column in the right-hand pane of
the experiment frame, the values for the experimental variable can be
adjusted to the energy at which each image was acquired. The two toolbar

buttons Y|%| provide a means of assigning the experimental variable value on
bulk; however the left-most of this pair of buttons offers a means of specifying
a range of values for the experimental variable, where each row of VAMAS
blocks will be assigned intermediate values. Thus, following rearrangement
into a single column, the VAMAS blocks are assigned the appropriate
experimental variable values by specifying the range 370 — 351 eV.
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Similarly the second file can be adjusted into a column of VAMAS blocks by
assigning the same element/transition strings to each VAMAS block used in the
first file and reassigning the experimental variables for the images using the %l
toolbar button to specify the range 350 — 331 eV. After making these
assignments for the experimental values to both files, the two sets of VAMAS
blocks can be merged into a new experiment frame.

Copying VAMAS blocks between Experiment Frames

Moving VAMAS blocks between experiment frames involves selecting in the
right-hand panes all those blocks to be copied, transferring focus to the
destination experiment frame before pressing the Copy/Paste VAMAS blocks
toolbar button &,

CasaXPS5 Licensed to:A1 CASA
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On pressing the toolbar button a dialog window listing all the selected VAMAS
blocks provides a means of checking only the intended blocks are selected.
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The OK button on the dialog window accepts the selection and results in
copies of the selected blocks being merged into the experiment frame with

focus.
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Although the VAMAS blocks now appear in the same experiment frame all in
one column and the map energy is assigned to the experimental variable,
there is still one possible problem. The images are ordered from high kinetic
energy to low and so the spectra, when generated, will be assumed to be XPS
data rather than AES. It is also possible that the merged files appear back to
front, from the energy scale perspective, and so the true order of the images,
with respect to energy, may yet be realized. The functionality in the second
button for assigning the experimental value is required to force the
appropriate reordering. The dialog window invoked by the [£lright of the two
toolbar buttons allows the assignment of the experimental variable for a
selected set of VAMAS blocks.

Edit Experimental Variable by Row E|

E=p*ariable Label |||'|'lEIEIE Energy

Exp " ariable Walue |3?|:|

Cancel

Further, once the assignment for the selection is made, the VAMAS blocks are

reordered with respect to the new set of experimental variables. To cause a
reordering of the image set, simply select a single VAMAS block and press the
OK button on the dialog window. Although no new value was actually
assigned, the reordering will still take place and the images then appear in the
experiment frame ordered with respect to the map energies.
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Converting Images to Differentiated Spectra

Given the set of images, now ordered with respect to energy, the analysis

proceeds by converting the image data set into a set of spect

ra, one spectrum

per image pixel. The conversion from images to spectra is achieved using the

Image Processing property page on the Image Processing dialog window.
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To invoke the Image Processing dialog window, click on the di

splayed image to

ensure the Options menu items are active, and then select the Image

Processing menu option. Overlay the images in the Active T

ile and press the

Convert Images to Spectra button on the Image Processing property page.
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It is important that all the images are acquired using the same acquisition time
and the experimental variable represents a sequence of evenly spaced
energies. If the step in energy between the images deviates from a constant
difference, then an error message will appear and no conversion to spectra
takes place.

The converted spectra appear in a new experiment frame, where the
experimental variable is labelled pixel and the values for the experimental
variables represent row indices of the pixels in the original images.
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Each VAMAS block contains an entire row of spectra; the spectra are stored as
corresponding variables in each VAMAS block and as a result of the method
used to store the spectra at pixels, a new processing option on the
Differentiation property page of the Spectrum Processing |™ldialog window
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specifies that the operation should be applied to all the corresponding
variables in a VAMAS block, rather than simply to the corresponding variable
currently displayed in the active tile.

Bl Spectrum Processing E|E|@
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Differentiation ' Integration ] Test Data ] PCA, ] Caloulator ]

bl ethiod Smoothing “width
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[v &pply to all coresponding wanables

Apply

The data in all the VAMAS blocks must be differentiated. Therefore once the
data in the active tile is differentiated, the propagate mechanism should be
used to process all the VAMAS blocks similarly.
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To propagate the differentiation, select the entire set of VAMAS blocks in the
right-hand pane of the experiment frame and right-click the mouse button
over the active tile containing the differentiated spectrum.
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On the Browser Operations dialog window, tick the Processing tick-box within
the Propagate section and press the OK button. All the spectra within the
targeted VAMAS blocks will be differentiated.
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Since the spectra generated from images are stored as multiple corresponding
variables and only one corresponding variable from a given VAMAS block can
be viewed at a time, it becomes necessary to step through the corresponding
variables to inspect the results of the differentiation operation. To step
through the corresponding variables in a VAMAS block, the Control + Page-Up
and Control + Page-Down keyboard buttons are used. The corresponding
variable index in each VAMAS block within an experiment frame is adjusted by
the Control + Page-Up and Control + Page-Down keys. Similarly, Control +
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Home and Control + End move the corresponding variable index to the
beginning and end indices for each VAMAS block in the experiment frame. To
adjust the index for a corresponding variable on a VAMAS block by VAMAS
block basis, using the Page-Up, Page-Down, Home and End keyboard keys
whilst holding down the Shift key causes only the VAMAS blocks in the active
tile to be adjusted.

Quantifying the Spectra at Pixels to Produce Images

The quantification of Auger spectra is typically performed using the peak-to-
peak metric to measure line intensity. In this example, two Auger lines are
evident in the energy range 331 — 370 eV and so two quantification regions can
be defined on each spectrum as indicated by the grey bands over the data.
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These quantification regions are defined on the Quantification Parameters
dialog window via the Regions property page. The regions for use with the
spectra-to-images options are identical to those used for general spectral
guantification, but with one slight difference. The default action of the Convert
Regions to Images button on the Image Processing property page is to create
images using the integrated intensity based on peak area. For differentiated
AES data, the peak-to-peak intensity is required; therefore to create images
appropriate for the differentiated data, the Tag field in the region specification
table must be assigned a keyword string, namely, peak to peak.
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The Tag field is also used to switch between other parameters determined

from regions such as fwhm, position and centroid; using these various region

outputs, the surface mapped by the images can be viewed with respect to
peak broadening or peak shifts. Again the Tag field is entered with the

appropriate keyword string e.g. fwhm, position or centroid.

Once quantification regions have been propagated to each VAMAS block in the
spectrum file, the corresponding images are generated by overlaying all the
spectra from the VAMAS blocks in the active tile and pressing the Convert
Regions to Images button on the Image Processing property page.

B Image Processing
Image Processing l Colour Scales ] Image Quantificatiun] Wik as Infu]

Convert Images tuSpectra| a+b| a-b| [a-b];"b‘ Prop. |
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Sm|
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SO Sort
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Ideally, images for each element identifiable on the sample surface should be
measures and a similar analysis to the Ag and Au data performed for each
element. In this example only two elemental images were recorded, but
nevertheless, proceeding to the quantification step based on the two available
images has merit in that the resulting images are normalized with respect to
each other across the field of view.

B Image Processing

Image Processing l Colaur Scales] Image Duantificatinn] YakAS Infu:u]
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Define Image from F.-"|:| |

The button labelled Quantify Images can be used to perform the operation.
The calculation assumes the images are generated from either quantification
regions or synthetic components, both of which are in units of CPSeV (for area
based intensities) or CPS (for peak-to-peak measurements), therefore the new
images are generated simply using the formula |, / (lp+l;+ ... +l,). Intensity
adjustments for relative sensitivity are accommodated by entering an
appropriate value in the RSF field in the quantification regions or components.
To perform the quantification step, overlay all the images in the active tile,
then press the Quantify Images button. A new experiment frame is created
containing the quantified images.
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Note, a second button labelled Quantify Peak — BG offers a second means of
guantifying a set of images. The procedure in this case does not involve images
pre-processed using spectral regions or components and therefore
adjustments for time will be included in the calculation. This is neither
appropriate nor desirable for data processed as described in this section, but is
available for use with raw images, where a less sophisticated approach is
adopted.

RBD Instruments Inc. Auger Scan

PHI Auger instruments upgraded by RBD Instruments Inc export data in ASCII
files or via the clipboard into CasaXPS. The following are a set of case studies
based on data acquired using RBD Auger Scan software.

Auger Scan ASCII files include formats suitable for a single survey spectrum,
the equivalent of a PHI multiplex acquisition consisting of one or more high
resolution spectra or depth profiles relating multiple acquisition cycles to an
experimental variable. The data may be acquired in direct EN(E) mode or as
differentiated spectra.

Survey Spectra

Direct spectra acquired in EN(E) mode provide an opportunity to visualize the
data in the form as acquired:
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or numerically differentiated:
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Data acquired in differentiated mode differs in the sense that the baseline to

the data does not necessarily approximate zero.
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The original form for these data files:

B D02_12_spect2.txt - Notepad

File Edit Format ‘iew Help
Element ; Region 1 of 1; Depth Cwcle 1 of 1; Time Per Step 100; Sweeps 2; AES;
30 123267
gjz' ﬁgjgg B AES Cu calibration. txt - Motepad
33 122457 File Edit Format Wew Help
34 121699 . -
It 1720847 Element ; Region 1 of 1; pepth Cycle 1 of 1; Time Per Step 50; Sweeps 3; AES; A
36 118720 39 39445
37 116815 3l 39650
EE: 115548 32 30823
30 114501 33 40021
40 115157 34 40227
41 116886 33 40376
42 118594 36 40415
43 120076 37 40602
44 121453 38 40752
45 122451 39 40822
46 124376 |40 40874
47 125324 |41 40832
48 125779 |4 41006
45 124622 43 41141
44 41223
45 41378
46 41635
47 41857
45 41982
40 42319
50) 42723
51 43050
W

are essentially the same. Since modern instruments typically acquire the Auger
spectra in direct mode, the data are assumed to be recorded in direct mode.
The implications for the VAMAS file created from these ASCII files are that the
VAMAS fields entered by default may need adjusting for the specific data type.
The most notable information requiring adjustment is the electron gun energy
and the VAMAS technique fields. Both fields influence the ease with which
data are quantified.
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The VAMAS block technique field is assigned by default the value AES dir; data
acquired as differentiated signal should be assighed the technique AES diff.
CasaXPS uses the technique field to determine the type of annotation
information placed over the display when the Region property page on the
Annotation dialog window is applied. For data known to be differentiated, the

Region property page creates a table in which peak-to-peak height intensity is
reported and used to calculate the atomic concentration. If the data cannot be
identified as differentiated, the table offers peak area results.

B Annotation

[luantification Peak Labels ] Text ]
Annotation Histon Regions l Components ]
Pozition Type

« Dighy  CDaa | Fot |
[ Ratio Uncomected Height

[ Exclude Position [ Include &E% StDey
[ Exclude F/HM [ Mame From TAG

Apply

|ar'|r'u:|t reqions w2315 Dizplay 0.05 0.05 RGE[0.0,0] Fant

[ Exclude Area

An annotation table created from differentiated data either acquired in that
form or externally processed prior to importation into CasaXPS must be
assigned a technique type of AES diff.
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Direct data differentiated within CasaXPS automatically displays the
annotation table in terms of peak-to-peak height and peak-to-peak atomic
concentrations. The combination of data assigned the technique AES dir and
the presence of a processing instruction for differentiating the data displayed
via the Processing History property page on the Spectrum Processing dialog
window trigger the display of peak-to-peak annotation table.

CasaXP5 Licensed to:A1 CASA - [aes cu calibration.vms]
File ‘iew ‘Window Options Select Help
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Note: spectra differentiated in CasaXPS, but copied to a new VAMAS block
using the Processed Data Only option will no longer include any processing
history and therefore the technique in the copied VAMAS block should be
assigned a value of AES diff.
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Quantification of spectra involves the correct assignment of an RSF to a
transition. RSFs are stored in the element library and to access the appropriate
set of transitions for a particular piece of data also requires the correct
assignment of the electron gun energy in the VAMAS block containing the
data. By default the electron gun energy is assigned a value of 3000 eV. Many
older instruments do not have computer control of the electron gun and
therefore user intervention is required to specify the actual electron gun
energy for the data. The electron gun energy determines the table of RSFs
offered via the element library corresponding to the data displayed in the
active tile. Quantification regions created via the Element Table property page
of the Element Library dialog have RSFs entered into the RSF field based on the
table of library entries visible on the property page. It is therefore essential
that the correct electron gun energy is assigned prior to the creation of
regions.
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A VAMAS block with Source Energy set to 3000 eV and Source Label set to
electron gun results in the Element Table being populated with those library

transitions with Excitation Source string S(3). Similarly, a Source Energy of 5000

eV matches to library entries with Excitation Source string S(5).

Multiplex Auger Spectra

An Auger Scan file may contain more than one spectrum. These spectra

typically represent narrow scan data measured for energy intervals in which

Auger peaks are expected.

I Auger Multiplex.txt - Notepad

File Edit Format Mjew Help

Cycles 73 Regions 4; AES;
1 Ml ol =51

54,8535 35.3035% 5.69304 4.10504
Element C1; Region 1 of 4; Depth Cycle 1 of 1; Time Per Step 50; Sweeps 14; AES;

245 447.456
246 447,456
247 447,456
245 465,29

240 473,711
250 442,41

251 398,867
252 350,004
253 331.5371
254 314.132
255 304,344
256 295,218
257 284,703
258 270,934
255 255,632
260 241.21

261 222,327
262 150, 7E3
263 135,791
264 37.508

4

e
*

When converted to VAMAS format, each of the narrow scan spectra appear as
separate VAMAS blocks.
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Note that these narrow scan spectra, for example, have been exported from
Auger Scan as processed data, where the processing step was that of
numerical differentiation. Data processed externally to CasaXPS are still
converted to VAMAS with technique AES dir and so, to be correct, the
technique field must be manually adjusted to AES diff. For narrow scan data,
the need to set the technique is less important than for survey spectra as
guantification of multiple spectra is typically performed using the Report Spec
page of the Quantification Parameters dialog window where the nature of the
report is specified via configuration files.

In general data exported from Auger Scan may be raw direct spectra, raw
differentiated spectra or processed spectra.

Depth Profile Data
Auger depth profile data are exported from Auger Scan using a distinct format
from data exported as multiplex spectra.
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File Edit Format ‘iew Help

Depth Cycles 31; Regions 4; SputterTime Continuous 1787; AES; "~
MumberctPresputterCycles 1;

Cycle  aAll Sil Cl ol

0 50180 5097.5 ©0B845 265210
1 45850 5385 03a97,. 0 2620635
2 4EE842.5 4582.5 31220 295640
3 aFlls B0Es 31955 287058
4 R2007,5 H4B2.5 34787.5 282353
5 59715 5030 326950 2E1698
& B3637.5 5752.5 38L57.5 Z7TE445
7 54930 GEEZ2. 5 35705 281048
o 51502.5 9152.5 38700 278095
O 54077.5 74590 AH34T. 0 272378
10 54050 5432.5 39035 208598
11 51205 6545 45630 2a77a0
1 49440 4642.5 43630 258308
13 53945 SR22.5 42775 2363593
14 55455 1les65 33505 167483
15 26760 1oS820 24880 Fa9s0
1la 20897.5 2060503 13137.5 231B2.45
17 13257.5 304205 10785 Rlo2. 5
1a 21510 402188 12055 4240
19 22542.5 417095 6877.5 41345
20 25427.5 420180 a007.5% 4797.5
21 272075 422708 5932.5% 4630
22 26925 4301590 8205 4120
23 2025 430338 5320 3637. 5
24 24425 431380 ©055 5422.5
24 255602.5 4318598 Y185 45245
26 24700 434015 7F967.5 4507.5
27 2H335 434770 51ad 4H95
28 27EFT.L 437800 444205 4502.5
209 2BHLS 433838 TFoEZ2.5 4332.5
30 ZBOLT.5 437365 B297.5 45467.5
Element aAll; rRegion 1 of 4; pepth Cycle 1 of 31; Time Per Step 400; Sweeps 1; AES;
48 2353694

48,5 232364

449 230854

40,5 229122

50 230277 v

These data are organised into a VAMAS file using the acquisition region labels
and etch times. The resulting array of VAMAS blocks as viewed through the
right-hand pane of the experiment frame provides the mechanism by which
regions are propagated to data from identical transitions.
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A sputter depth profile involves removing material with an ion-gun interleaved
with acquisition cycles where spectra are recorded from each new surface
uncovered by the etching process.
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Etch
A consequence of etching the material is that the environment for each
surface changes with etch time and therefore the nature of the data alters too.
An interface between layers may cause a change in chemical state for a
transition. For example SiO, on elemental Si can cause shifts in peak positions
due to charging conditions changing as well as chemical shifts in the peak
positions. Differences in the data over the course of a profile are
accommodated in CasaXPS by allowing each VAMAS block to maintain region
parameters specific to the spectrum in the VAMAS block.
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Regions are created using the Regions property page of the Quantification
parameters dialog window. The regions displayed on the Regions property
page are the regions defined on the VAMAS block displayed in the active tile. If
more than one spectrum is displayed overlaid in the active tile then the
VAMAS block selected first using the right-hand pane is the active VAMAS
block in the active tile. The Regions property page displays the regions defined
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on the active VAMAS block in the active tile. Any alterations to region

parameters only apply to the active VAMAS block in the active tile. It is

therefore possible to create regions most appropriate for the individual

spectra by displaying the spectra one at a time in the active tile and making

adjustments appropriate to the spectrum. Typically, such adjustments are only

necessary for a limited number of spectra and the majority of spectra require

essentially the same region parameters. The propagate mechanism allows a

region defined on a spectrum to be propagated to other spectra based on the

selection in the right-hand pane.

For the depth profile under consideration, the oxygen Auger peak is measured

from four different environments.
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Regions for

each of these

four environments are specified by, in turn,

overlaying the data in the active tile. Creating the first region for the set of

VAMAS blocks displayed in the active tile, followed by propagating the region

to VAMAS blocks containing similar data.

Since propagation of regions is dependent on the selection in the right-hand

pane, options for making selections in the right-hand pane can help target

subsets of VAMAS blocks. The display tiles can be used to collect spectra with

similar requirements, thus aiding the selection and re-selection of VAMAS

blocks in the right-hand pane. The following window illustrates a scenario

where the four environments for the oxygen are displayed in four display tiles.

No VAMAS blocks are currently selected in the right-hand pane.
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Each display tile represents a subset of VAMAS blocks. If the Control keyboard
key is held down and the cursor placed over one of the display tiles, on left
clicking the mouse button the VAMAS blocks displayed in the tile over which
the cursor resides are toggled into the current selection in the right-hand
pane. Thus, the set of VAMAS blocks displayed in the top right-most display tile
are reselected as follows:
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The VAMAS blocks displayed in the tile over which the cursor is placed are
added to the selection such that, if the blocks are already selected, the action
deselects the selected blocks while blocks previously not selected become
selected. Since the propagate operation transfers regions etc to selected
VAMAS blocks, collecting data in display tiles aids the selection and therefore
propagation process. Once the subset of VAMAS blocks has been returned to
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the selection in the right-hand pane, adjusting the region parameters for the
block in the active tile naturally leads to the propagation of the changes to the
associated data. Right-clicking the mouse with the cursor over the active tile
invokes the propagation dialog window, thus facilitating the transfer of
changes to all the data displayed in the active tile.
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Once regions have been defined for all the spectra in the profile, a plot of
atomic concentration against etch time is created via the Report Spec property

page.
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The Custom Report section on the Report Spec property page offers a means
of tabulating intensities and atomic concentrations as a function of etch time.
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These tables in turn are converted to a VAMAS file or exported via the
clipboard to spreadsheet software. The File menu available once the data are
tabulated using the Height button on the Custom Report provides a means of
generated the VAMAS file, while the copy toolbar button places a text form of
the table on the clipboard. These operations are described in earlier sections

of the Auger manual.

The following profile plot is an example of a depth profile created via the File
menu available when the Custom Report results window is the experiment

frame with focus.
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Thanks to Tyne R. Johns of Sandia National Laboratories for her assistance in editing this
manuscript.

Data used in the preparation of this text are kindly provided by:

Prof Bridget Rodgers (Vanderbilt University)

Tyne R. Johns (Sandia National Laboratories)

Data provided courtesy of Sandia National Laboratories. All rights in the data are reserved by the
US Government. Neither the US Government nor Sandia Corporation makes any warranty, express
or implied, or assumes any liability with respect to the use of these data, and publication of these
data does not constitute express or implied endorsement of any kind.

RBD Instruments Inc.

IFOS, Kaiserslautern , Germany
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Examples of XPS Spectra

To illustrate the potential of the XPS technique, a set of spectra are
presented below. The data are from a wide range of XPS
instrumentation, both old and modern instruments. Credit should be
given to those providing these example spectra, namely,

University of Manchester, UK

University of Nottingham, UK

Peking University, China

Max Plank Institute Diusseldorf, Germany

Umea University, Sweden

Lehigh University, USA

And several unnamed contributors.

A note worthy set of spectra measured whilst preparing the paper: XPS
spectra and electronic structure of Group IA sulfates, M. Wahlqvist, A.
Shchukarev / Journal of Electron Spectroscopy and Related Phenomena
156—-158 (2007) 310-314, offer not only the appearance of the spectra
but also the context and motivation of the XPS study.

166



CasaXPS Manual 2.3.15 Rev 1.2

25

20 ]

cPsx 1074
I?n

Y
I'I:J

HI504

Copyright © 2009 Casa Software Ltd

O 1s

O KLL

CasaP35

I I
600 400
Binding Energy (eV)

I I
1000 800

Li2z0d

35

30 ]

[
| I'l:rI

cPSx 1074
[y ]
o

Y
I'l'.ﬂ

10

0O1ls

O KLL

Lils

Cazad P35

| [
1000 800 600
Binding Energy (eV)

I
400 200

167




CasaXPS Manual 2.3.15 Rev 1.2

Copyright © 2009 Casa Software Ltd

MNa2304
60 ]
|Nals
50 ]
< 40
2
k4 i
E ]
O 30 b,
. =
LA
2]
] =
20
] j\} 0 KLL
' T *J g25 SIP fg %)
- A ;e
T | T T T | T T | T T T | T T T | T T T
1000 800 600 400 200 0
Binding Energy (eV)
Casa¥P3
] K2804
30 ]
1 0O1s
25
< 20_
2
e
17
o
O 15_ Klp
O EKLL
11:}__ Kls
5- S2p
S2s e
ol
[
1 I 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1
1000 800 600 400 200 0
Binding Energy (eV)
Casa¥P3

168



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

Fhi2504
] =
25 o
20 ]
3
2
> 15 o ~
wn ] = ! o
o ] =
Q K p:. =
o
10_
*I".'l":
=
5] o
T | T T T I T T T | T T T I T T T I T T T
1000 800 600 400 200 0
Binding Energy (eV)
CasaXPS
Ce2R04
90 -
m Ln
80
70
v 60
o 1 s ~
— o)
¢ 5 g
L] ~ P
1_"---.l'.l'l:
ﬂ
= =
-t
Csdp+S2p ©
Csdp+8S12s
I Y
1 1 | 1 1 1 | 1 T 1 | 1 T 1 | 1 T 1 | 1 T 1
1000 800 600 400 200

Binding Energy (eV)
Casa¥P3

169



CasaXPS Manual 2.3.15 Rev 1.2

20 |

cPsx 1074

—
I'[:]'

CasaF5

25 |

20

cPsx 1074
o

10_

CazadP3

Copyright © 2009 Casa Software Ltd

Ammonium Sulphate

-
I'l'.ﬂ

Binding Energy (eV)

170

|(NH,)),SO
] ( 4)2 4 0 1s
O EKLL
Nls
T I T T | T T T | T T T | T T T | T
1000 800 600 400 200
Binding Energy (eV)
MaH204
NaHSO
_Ni‘l ls 4 0 1s
-]
=
0 KLL f
Z,
5 2p
.\J S 25 ‘__r": =,
T a
N “ g
T | T T | T T T | T T T | T T T | T
1000 800 600 400 200




Copyright © 2009 Casa Software Ltd

CasaXPS Manual 2.3.15 Rev 1.2

InSh

Pe Ul

ob 3452+ 0 1s

ClePe 95

zigdg uy
Zi1dg ug

ziedg 98
d
2% g8

TIAO

HINOAL 95
TROAL YT

TIH D

510

I M

25 |

20 |

p-0b XSdJ

600 300
Binding Energy (eV)

900

1200

Casad P35

ITO Glass

57 2L
dz 13

2T

£10
TTHEM

dzen

Pe Ul
TTAEN+PL TS

51O
zigds vy
zi1dg Uy
Ziede ug
zi1dg ug
8¢ UT
8¢ ug
5] BR
[ [ [ [ [ [
u m o0 w =T ol
X
p-0F XSdD

300

200

1200

Binding Energy (eV)

Casad P35

171



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

=
12 ]
Nb 3d
10 |
8
WE Nh 3p32
ko
w
o 6 b 3pli2

| | T T T |
800 600 400

Binding Energy (eV)
Casa¥P3
survey/slin
70 ] o
o
' i
| H4 2
1 ©o
60 ] o =
] S
50 ] f
o ]
o
o L]
o = -
© ] ﬂ <
30] O
20 ]
] Cls oo
10 *xJ
T | T T T | T T T | T T T | T T T I T T T
1000 800 600 400 200 0

Binding Energy (eV)
CasaXP5

172



CasaXPS Manual 2.3.15 Rev 1.2

Copyright © 2009 Casa Software Ltd

BaColh
45 7 -
J Lar]
T (]
- u]
40 ]
35 ]
o 30 ]
o ] o
D o
¢ ] o &
EEE— ;'_'.‘: — =
el A
o e E 0 1s
201 PN o o
)

-
I'U-I |

10]

5 Co LMM

Zn LM

NbL 35

e
E Badd+Zn3p

Nb 45+ Co 3p

Casa P35

I
600
Binding Energy (eV)

I
400

14

12

—
I'[:]'

cPsx 1074

Ge 2p

O KLL

O1s

Casad P35

I
1200

173

|
600
Binding Energy (eV)




CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

35
] Au 4f
30

Au 4d

10 ]

Au dp3i2

Auds Audp1i2

I
600
Binding Energy (eV)
Casa¥P3

14
Pb 4f

12_

-
I'[:]'

o3

Pb 4d5/2
FPb 4dgi2

CPSx 107

Pb4p3z O1s

Pb 4p112

' ' [
600
Binding Energy (eV)

|
900

Casa P35

174



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

10

01z

cPsx 1074
- ELL
M ELL
O ELL
Ti 2p

2_
T | T T | T T | T T | T T
1200 900 600 300
Binding Energy (eV)
Casa¥P3
60 | -
-
=!
50
ey 40_
=
k3
7))
o
© 30_
% i 5
H ¥ o
R4 =
o

I I
600 400

Binding Energy (eV)
Casa¥P3

175



CasaXPS Manual 2.3.15 Rev 1.2 Copyright © 2009 Casa Software Ltd

01s

] Si2
25 ] P

cPsx 1074

15 ]

10 |
] 0 KLL C1s

T T | |
600 300 0
Binding Energy (eV)

I I
1200 900

CasaF5

?ﬂ__ O1s
60_

50 ]

CPSx 107
Y
o

30]
] O KLL
20

Al 2s
Cis Al2p

10] C KLL

I | [ [
1200 900 600 300 0
Binding Energy (eV)
Casa¥P3

176



CasaXPS Manual 2.3.15 Rev 1.2

Copyright © 2009 Casa Software Ltd

10

O KLL

cPsx 1074
[m7]

O1s

Hf 4d
Hf 4f

Hf 4p

I
1200

Casad P35

I
900

' I I
600 300 0
Binding Energy (eV)

35
; Cu2p

30

[
If.ﬂ

cPsx 1074
[
o

Y
I'l'.'ﬂ

] Cu2s IJ
10

CuLMM

Culp

T

I
1200

Casa P35

I
200

[
600
Binding Energy (eV)

177



