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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 Relddedumentation 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 oresults 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 lossuamtssg

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
LINP GARSR a!{ L{¢ @gAGK2dzi ¢ NNithgridigclaigFall Imglied { Ay R®
warranties including without limitation any implied warranties of merchantability or fithess for a
particular purpose. CasaXPS should not be relied on for solving a problem whose incorrect solution
could result in injury to gerson 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 possibflgych 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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Figure 1. Schematic of an XPS instrument.

The basic mechanism behind an XPS instrument is illustratdélgure 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 surfacerssgy
filtered via a hemispherical analyser (HSA) before the intensity for a defined
energy is recorded by a detector. Since core level electrons insatiel atoms

are quantized, the resulting energy spectra exhibit resonance peaks
characteristic of tl electronic structure for atoms at the sample surface.
While the xrays 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 havéow 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 defimegims 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 enegies 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 neronducting samples the problem of energy
calibration is significant. Electrons leavihg sample surface cause a potential
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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 asv1%tharge
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 analys.

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 atght 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 elemends$ 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 seftgifiactors,
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 belonopg to a given transition. The standard approach is to define
an approximation to the background signal. The background in XPS 4s non
trivial in nature and results from all those electrons with initial energy greater
than the measurement energy for whichattering events cause energy losses
prior to emission from the sample. The zdoss electrons constituting the
photoelectric peak are considered to be the signal above the background
approximation. A variety of background algorithms are used to meahee t
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 frotdPS.
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Figure 2: An example of a typical XPS survey spectrum taken from a compound sample.

The data inFigure 2illustrates an XPS spectrum measured from a typical
sample encountered in practice. The inset tile witkigure 2shows 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 modefitted 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 scée 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 deptlrom 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 isst@red. Transitions

of this nature might be Fe 2p compared to Fe 3p both visibkegare 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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andyser also changes the relative intensity ofhimmogenous 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 sfis seen in XPS data are a valuable source of information
about the sample. The spectrakigure 3andFigure 4llustrate the separation
of elemental and oxide peaks of germanium due to chemical state. Both
spectra were acquired from the same sample unttee 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 ergetic 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 viey due to the differing composition with deptkigure Ss 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 surfaceat® 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 thiecay of a more energetic electron to fill

the vacant hole created by theray photon, combined with the emission of an
electron with an energy characteristic of the difference between the states
iInvolved in the process. The spectrunmHigure 2ncludesa 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-ray source. Since the kinetic
energy of the photoelectrons are given in terms of: the photon enbrgythe
binding energy for the ejected electroR.. and a work function/ by the
relationshipg,.. =hn- E, - f, altering the photon energy by changing theay
anode material causes the Auger lines and the phigcteic lines to move in
energy relative to one another.
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Figure 6: Elemental Silicon loss peaks and alsopay satellite peak.

10



CasaXPS Manual 2.3.15 Rev 1.2 Copyright© 2009 Casa Software Ltd

Less prominent than Auger lines areay satellite peaks. Data acquired using a
non-monochromatic xray source create satellite peaks offset from the primary
spectral lines by the difference in energy between the resonances in-thg X
spectrum of the anode material used in thgay gun and also in proportion to
the peaks in the xay spectrum for the mode material.Figure 6Gindicates an
example of a satellite peak to the primary Si 2p peak due to the use of a
magnesium anode in the-ray source. Note that Auger line energies are
Independent of the photon energy and therefore do not have satellite peaks.

A further source forpeaks in the background signal is due to resonant
scattering of electrons by the surface materials. Plasmon peaks for elemental
silicon are also labelled dAgure 6 The sharpness of these plasmon peaks in
Figure Gs due to the nature of the material taugh 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 structtiigsia

6 are characteristic of pure metallliike materials.
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Figure7: 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 irradiatedayg.x
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 characteristi¢ thhe 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 showirigure 7

XPS spectra are, for the most part, quantified in terms of peak intensities and
peak posiiobns. 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 cha&asgand 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 conditiway(xlamage)
and/or differential charging of the surface (localised differenaethe charge

state of the surface).

3
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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 regionkigure 8illustrates a survey spectrum where the
surface is characterised using a quantification table based upon values
computed from regions. The primary objectives of the guantification region
are to define the range of energies over which the signal can biated 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 peakeas 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 electromsitted 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 wy 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 intensityof electrons in the measurement. Should the
experimental conditions change in any way between measurements, for
example the xay gun power output, then peak intensities would change in an
absolute sense, but all else being equal, would remain constantlative
terms.

13
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Relative Intensity of Peaks in XPS

Each element has a range of electronic states open to excitation by-rdnesx

For an element such as silicon, both the Si 2s and Si 2p transitions are of
suitable intensity for use in quantification. &'hule 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 electrao 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 areastfansitions 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
meanngful atomic concentrations can be obtained, regardless of the peak
chosen.

M Quantification Parameters

Regions ]Cu:umpu:unents l Data Edtor | Report Spec. ] RPT Report l

|5|_|n.le‘:.r_,-"3 I_ Calc Max
Regions ]
Mame M 1=
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End 279.378 ]| 522516 || 385.065
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Aw. Width 2
St. Offset 1]
End Offset 0
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Intensity Calibration Copy Names
v Automatic  |p Update ﬂﬂﬂ

Figure 10: Regions Property Page.

Quantification of the spectrum irFigure 8requires the selection of one
transition per element.Figure 9illustrates he 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 showrFigure 10provides 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 e&mpe depth corrections, resulting in the displayed
guantification table irFigure 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 mateal containing both aluminium and copper. When using the
standard magnesium or aluminium-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 appeanaist 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 illustratedn Figure 11

x 10°

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 intensitidsgare
11, but also apply to chemical state information about the aluminium itself.
Intensities for the aluminium asde and metallic states irFigure 1lare
measured using synthetic lirghapes 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 tiegly leads

to interference between peaks and therefore introduces the need to construct
peak modelsFigure 12llustrates a spectrum where a thin layer of silver on
silicon (University of lowa, Jukna, Baltrusaitis and Virzonis, 2007, unpublished
work) ntroduces 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 peaktting data is complex. A model is typically created from a
set of Gaussian/Lorentzian lirghapes. Without careful model construction
iInvolving 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 subjedt meak fitting XPS spectra is dealt with in
detail elsewhere.

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

16
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PeakPositions

In principle, the peak positions in terms of binding energy provide information
about the chemical state for a material. The datdigure 2provides evidence

for at least three chemical states of silicon. Possible candidates for these
silicon $ates might be Si§) S30;, SIO, 0 or Si, however an assignment
based purely on the measured binding energies for the synthetiesiagpes
relies on an accurate calibration for the energy scale. Further, the ability to
calibrate the energy scale is dmpdent 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.

B Quantification Parameters
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Figure 13: Components property page on th&uantification Parameters dialog window.
Charge Compensation

The XPS technigue 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 tkample 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 isdlafrom the
iInstrument 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 thieotoelectrons can

be measured.

17
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Figure 14: Insulating sample before and after charge compensation.

The data inFigure 14shows spectra from PTFE (Teflon) acquired with and
without charge compensation. The C 1s peaks are shifted by 162 eV between
the two acquisiion 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 kinetiergy 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
iIndependeant 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 bimdi 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 admdumaterial
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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 dialogdow.

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 guantities can be obtained by combining a sequence gtimon

etch cycles interleaved with XPS measurements from the current surface. An
lon 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 specprovide the means of analysing the composition of
these surfaces.

_x10

30
257

20]

CPS

15

1 ':' __ ol R o O g

T | T T | T
540 537 534
Binding Energy (eV)

Printed using Casa:P5
Figure 16: The set of O 1s spectra measured during a depth profiling experiment.

19



CasaXPS Manual 2.3.15 Rev 1.2 Copyright© 2009 Casa Software Ltd

The set of XPS spectra corresponding to the oxygen 1s peaks from a depth
profile experiment depicted logically iRigure 15are displayed irfFigure 16

The objective of these experiments is to plot the trend in the quantification
values as a function of et-time.

The actual depth for each XPS analysis is dependent on theaof the
lon-gun, which in turn depends on the material being etched at any given
depth. For example, the data iRigure 16derives from a multilayer sample
consisting of silicoroxide 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 sation in etchrate once the silicon
substrate is encountered. The depth scale is therefore dependent on
characterizing the iolgun however each XPS measurement is typical of any
other XPS measurement, with the understanding that the charge
compensation teady 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 iRigure 17is computed from the VAMAS file data
logically ordered in CasaXPS as shown in Fifir€he O 1s spectra displayed

In Figure 16are highlighted in Figur&8. One point to notice abouhe profile

In Figure 17is 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 inFigure 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
Figurel9, where again the O 1s trace is far from flat. The profileigure 14s

far more physically meaningful than the variations displayed in Fig9re
Normalization of the XPS intensities to the total signal measured on a layer by
layer basis is important for understanding the sample. This example is a good
illustration of whyXPS 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 H:lp menu.
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Figure 19. Peak areas scaled by RSF used to compute the atomic
concentration plots inFigure 17

Understanding Relative Sensitivity Factors for Doublet

Transitions

When quantifying XPS spectra, Relative SensitivityoFla¢RSF) are used to
scale the measured peak areas swariations 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 thanone 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
guantification table and two emtes 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 associatedhw{PS 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 Zphe spectra are sufficiently
complex to involve overlaps such as the Al 2s and Cu 3s, while tRe,gu

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 RSFsused 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 fotimer 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 fothese 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 regionsm8arly, 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 Gu 2p
peak overlaps with the Cr LMKuger transition only the Cu 2§, 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 Cip Peak therefore the RSF for
the Cu 3s component is set to zerothat 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 setiy the RSF to zero,
whilst adjusting the Fe 2p RSF to accommodate the absence of the Fg 2p
peak area from the calculation. Since the ratio of 2p doublet peaks should be
2:1, the RSF for the Fezregion is two thirds of the total RSF used in Tdble

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 Zpand 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 dosibiet i
contribution from Fe tahe quantification table would be incorrectly increased

by a factor of two.

Note: the RSFs used in both Table 1 and Table 2 are Scofielesectiens
adjusted for angular distribution corrections for an instrument with angle of
90° between the analyseand xray 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 2p

To further illustrate the issues associated with the uses of the three RSFs
associated with doublet peaks, consider the three possible options available
when quantifyingthe Cr 2p doublet shown in Figure$, 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 4, transition.
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Figure 22 Intensity for Cr calculated from the Cr 2p5,, transition.
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Figure 23 Intensity for Cr calculated from both peaks in the doublet.

Total RSF Raw Area

10.6041  60098.5
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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 Figure22 and Figure23.

Electronic Energy Levels and XPS Peaks

An electron spectrum is essentially obtained by monitoriag signal
representing the number of electrons emitted from a sample cweange of
kinetic energies The energy for these electronehen excitedusing a given
photon energy depends on the difference between the initial state for the
electronic systemand the final state. If both initiaand final stats of the
electronic gstemare well defineda single peak appears in the spectruivell
defined electronic states exist falystems in which all the electrons are paired
with respect to orbital and spin angular momentuithe 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 aption of a photon, the
electrons emerge with Kkinetic energiesharacteristicof the final states
available to the electronisystem and thereforeXPSpeaks representhe
excitation energies open to the final statesn& these final states include
electronic sub-shells with unpaired electrons, the spmmbit coupling of the
orbital and spin angular moment results in the splitting of the energy levels
otherwise identical in terms ofcommon principal and orbital angular
momentum. Thus, instead of a singdaergy level for a final state, the final
state splits into two states referred to in XPS as doublet paodifferentiate
between these XPS pealabels are assigned to the pedbased on the hole

In the final stateelectronicconfiguration.Since thes final states, even when
split by spirorbit 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 tadentify the final state for the xay exded system.
Specifying the three quantum numbers in the format bbth uniquely
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identifies the transitionresponsible fora peak in the spectrum and offers
Information regarding the degeneracy of the electronic state involved. The
relative intensity of tlese doublet pair peaks linked by the quantum numbers
nl is determined from the | = | £ ¥2 quantum number. Doublet peaks appear
with intensities in the ratio 241 : 24+1. Thus p-orbital doublet peaksare

assigned | quantum numbeil® and 3/2 and appeamith 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 follaving 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
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The Main Window of CasaXPS is a multiple document interface capable of
manadng large numbers of files all open at the same time.
Key points:

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

1 The topmost experiment frame has mouse focus.

1 An experiment frame is divided into two panes; the defind pane
displays the dat in graphical form, while the rigiitand 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

File Wiew BEGEEEN Options  Select Help

Ol 3l g e Window
Cascade

|:H||@| E Tie

Arrange Icons

1 test kel 161007 (1).vms

v 2 kest nacl_161007.vms
3 test_k2hpod_151007.vms
45 4 test_nahco3_161007.vms
|

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

CasaXPS converts other data formats to ASCl49%% (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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CasaXP$ Licensed to:A1 CASA
FIEN Wiew wWindow Options  Select Help

Mew ZkrlH-M Bz |
Cpen. .. 1
Convert.., i | £
Close

Save As, .,

Save Picture ...

Open and Merge ...
Qpen and Merge Mo Sork ..,
Convert and Merge ...

Convert and Merge Mo Sort ..,
I

A file dialog window allows data to be selected from disk.

Open YAMAS file ?
p
Look jr: | ) #PS Spectra Data ﬂ 5 ER-
[CiManchester 01011812, vms
| standardSpectr abaoktingham 22020801 _Mb.vms
) UMEA, Swden ag_hslob800002. vms
07_02_2003 SnldOxide. vms Alzp peakfit.vims
2087 _122 SI02 ARKPS. vins au_hslob800003. 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 ofselecting 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-

|iManchester
|2 standardspectrahattingham
[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 tHeglwindow 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 riglaind pane
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The keyboard arrow keys can be used to change the selection in thenaght
pane. Each press of an arrow keypvas the selection in the rigiitand pane

with respect to the data block displayed in the active tile in thelwafhd 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 rigHtand 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 rigahd pane to make a single
selection.

Extend the selection to a contiguogsoup 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 afata blocks in the active tile by pressing the
overlay toolbar button.
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Display the current selection ofer-tile using the display toolbar button.
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Tile Format

Set the number of tileper page using the Page Tile Format dialog window.
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Page tileformats are organized using predefined property pages for a number
of tiles per page. Adjustments to the tile format involve choosing the tile

alignment type.

Specifying the number of rows (or columns):
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Tile Display

Each tile used to display data in the {eind 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 spectraadpasted

via the property pages on the dialog window.

.:ﬂl wmy| J |

Tile Display Parameters El
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Title

|Cut 98 w

o ] ool | |
The tile in the lefthand pane with the title highlighted is the active tile. On
pressing the toolbar button for the Tile Display Parameters diafoglow, the
settings entered oto the property pags 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 rdlghhd 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 zoorhox over the data currently displayed in the active tile.

A zoom box is drawn over the data by holding down the-haftd mouse
button whilst moving the cursor over the spectrum in the active tile. On
releasing the mouse button, the drag box becomes aldwiix 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, lefilick 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 zau 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
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states on the zoom list can be reviewed by pressing the zoom out toolbar

button.
|+|.I{'| > € |

Each time the zoom out button is @&ed, 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 theial zoom
state.

The zoom list is raitialised 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 basamh 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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Rescaling using the data within the current energy interval is achieved using
the toolbar buttons:

A% A W

Processing Spectra
Processingspectra 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

Seleck  Help

pkions

Page Lavouk ...

Tile Display ...
iuankify, .,
Elements ...

b

Processing ...

0| & mf-e] 7 =]
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B Spectrum Processing

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 clyrent
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 perfororedhe
Calibration property page:

B 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.

Essentlly, 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 calculatedhgt 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, leftlick 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 {figitd.

Energy Calibration
Meazured |232_5?5

True |235

If regions and/or components are defined on any of the VAMASkblmr
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 o,
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Meazured |252_ E57

Region |

True |255

Adjuszt
[v Regions

[+ Components

Component |

Apply |

[Inda Selection |

Quantification of Spectra

| Apply bo Selection |

Each VAMAS block selected in the rghhd pane of the experiment frame
will be shifted using the energy difference computed from the Measured and
True textfields on the Calibration property page.

XPS quantification inerms of peak intensities is performed by assigning
guantification regions and/or peak models containing synthetic components.
Quantification in CasaXPS is performed using the Quantification Parameters
dialog window where the Regions, Components and Refpec property
pages are central to preparing and extracting quantification information from

the data.

M Quantification Parameters

Regions I Enmpnnents] [ata Editnr] Fepart Spec. ] RFT Heport]

[ Calc Max

Regions [
Name
R.5.F.
Start
End 27976
BG Type
A width
St Offset NG
End Offzet [N
Crozs Se... [EEEDEEENETS
Tag
Area
StdDev ...
fruhim
Fozition
% Conce...
tax Height
tin Height
FPeak to ...

Create | Calculate Error Bars | Delete |

Create From Labels ‘ Save Regions ... ‘ Copy and Paste |

Copy M
v Autornatic ID— @ ﬂzﬂ

Intenzity Calibration

g|§|@ B Quantification Parameters

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
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. Na1s ci2zp 1920480 30.80 fwider2 ™ Calo Max
40 ] Ols 535.0480 17.84
] Cls 2549430 2204 Fegions A B C ¥
§ Mal1s 1070.9480 20.21 Mame EEEE O Cils M
35 ] R.5.F. 0.89 078 0.278 1.
] Start Sl 542063 | 294351 10,
§ End 1592559 (IRl IEIGER 10
30 BG Type [NGEEEM|  Linear Lirear Li
3 Ay width R 1 1
- St Offzet N 1 0
) 25: End Offset NN 0 0
o ] Cross Se.. [EEEPEEIM| 299,54 | 293,54 | 233 .5
O ] Tag BEEE O Cls M.
20 ] Area E3735 3226.4 14151 171.
— Std Dew ... i} 1] 0
] fusthim 314018 | 3.05011 3.375393 2.2
15 7 Pagition 198.948 | 535945 | 284.948 10,
— O 1 s % Conce... 30.83 17.86 22.04 2!
] bax Height| 57801 47654 1195.8 36(
10 7 Min Height -35.0 1237 -44.3 -1
- < I
] Cl 2p
5_: C1s Create | Calculate Emor Bars | Dielete |
] Create From Labelz | Save Regions ... | Copy and Paste |
] . | | | | | | | : : i | | Intengity Calibration ey [aee
1200 900 600 300 ¥ tutomate [0 pdats |
Binding Energy (eV)

A region is definedusing 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 m 013 Cls M.
R.5.F. 078 0.278 1.
Start I I"_ 'II- [ 542083 294,361 10,
End .-I._.'f_ EMl 52754E | 281.697 10
BG Type [INEEEM  Linear Lirear Lil
A Wwidth _| 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
fiashirin a14018 | 308011 | 337593 22
Poszition 198,948 536,948 284,948 10,
% Conce... 20.89 17.86 22.04 2t
Max Height| 57801 47854 11958 36(
Mir Height -30.0 1237 -44.3 W
% >

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

Regons #
M ame RE Clsz M.
R.5.F. .78 0278 1.
Start 542 053 294 381 110,
End hZ7.hdk 281.6597 10
BG Tupe Linear Linear Li
By WWidth 1 1

St Offset ] ]

End Offse 1] 1]

Crozz Se. | EEEENEEMM 299 .54 | 299 .54 | 299 .5
Tag _mrm E Cls M.
Area N i 302D LEYEN -

Std Dev .. 1] o o

frahirn 314018 | 3.05011 3.375593 2.2
Pozition 198,343 | 535943 | 284548 10

% Conce... 30.83 17.86 22.04 4
Max Height| 57801 4785.4 1195.8 36
Min Height -35.0 1237 -44.3 1

To edit a ren parameter, leficlick the mouse over the value displayed on
the table on the Regions property page.

Reqgions -
Marme M.
R.5.F. 1.
Start ; . 10,
End 19253 - ._":' -=-= BaY 10
EG Tupe Llnear | Linear Li
FOFR T e 1 1

The value modified Wlthln the edlt text fleld Is only accepted when the enter
key is pressed on the keyboard. Before pressing the eddgy leftclidking the
mouse away from the edit field causes the previous value to be reinstated.

Regions are defined in terms of a regions name:

L L (] (=] —

| M ame Cl 2p E Cls M.

- =]

L T

Region names are usdefined names used to reference the information
determined from the region. Quantification tablespigally 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
extractedfrom 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 atomicconcentration; 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

[ e L |-\_'-I'LUU-\_| et Tt I (I}

R27 RAR TRl I

G Type Lirear Linear Lil

[N T 1 I o] 1 I ] ]

Linear backgrounds are typicallged 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)

86 Type ST
The full set of background types can be selected via a dialog window invoked

by holding the Control key down and keficking over the current B€ype
setting before the parameter is an edit field.

Background Types El

Background Name | = a T
Mone
Liniear 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
iInto the BG type text field when the OK button is pressed. To accept the
selection of the background type, press the enter kaytlte keyboard.

The BG type field may be typed into the efiiid as an abbreviation. The most
O2YY2yté dzaSR . D GeélLlSa INE SYUiUSNBR dz
for Tougaard.

End 319.256 End 219 356 End 319.356
BG Type Shirley 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 limitshe 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 sideof 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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b ax Height 320.0
it Height -R3.0
Peak to... 100.00
Create | Calculate Error Bars | Delete |
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300 296‘ 292 288 284 280 I Automatic [0 Update ﬂﬂﬂ
Binding Energy (eV)

When using the Av Width parameter there must be sufficient data channels to
either side of both startand 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 noisethe 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 bestroute 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 craagy 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 libraryastive.
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 windtjﬁl, the first step is therefore to
enable elemat 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, lefick 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 then@
field.
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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 dretproximity 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 Sgetrum processing dialog window
w|[=1fe P A

Select the Calibration property page
- X

Differentiation ] lntaoration | Test Data ] PCA, ] Calculator ]
Proceszing Histary Calibration

Intenzity Calib. ] 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.

CasaXPS Licensed to:A1 CASA - [CasaXP2]

File Wiew ‘Window Options Select Help - &8 x
01| o o | | | i i [ i | 1 | @y OO oo 4 [ 0| || W] 6] SB[ 2
Cle| @@ bl 2ol nlalyv] E[2|@]m] ol m] ) 2|
P e el S RS A S e A A B A A e P s T R A RSN =31
= = = |Exp\n'ar\able |Wi... |Na lsl O1s | Cls | Cl2p |
Lens Ilode:Hybrid  FesolutionPass energy 80 Iris{ A perture):slot{Slot) |1 MNa‘.. 0. |Cl..d..

Anode Tlono{Al (Mono))(120 W) Step(rmeV): 10000 Dwellims): 420 Sweeps: 1 Acon, Time(s): 600
Aegived On 07710016 14:5037 G :On h

EEB)

X 102 Differentiation ] Integration ] Test Data ] PCa ] Calculator ]
T Processing History Calibration ] Intenzity Calib. ] Smoothing ]
801 ’C| 1s ’CI 2s
3 | Energy Calibration
70 | Measured |231_335 Region
60 | True |285 Compaonent
] I Adjust
] l I Regionsz [ Components Apply
50
2 ] ! Undo Selection | Apply to Selection |
O 401 !
] I Apply by Row (13t Region) | Apply by Row [ 1st Comp) |

307 i
E | [~ Use Reference Intensity ~ Reference 1000
I

Apply Range Calibration to Al Files| Apply 15t Comp Calibration to Al Files|

| ¥__\/
| Apply Range Calib All Files by Flow| Apply 15t Comp Calib All Files by Flow|

. R AN I | L B o o o e
310 300 290 280 270 260 250 240
Binding Energy (eV)

51



CasaXPS Manual 2.3.15 Rev 1.2

Copyright© 2009 Casa Software Ltd

Press the Apply button to calibratkee spectrum in the active tile.
(=19

Provided
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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 created set

regions on the spectrum.

1.4 LI

105 GLI3C v
»

[T |

.

Create Reqions I

C Ak Dl~~l- T

An annotation table offering a quantification table is added to the spectrum.
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The element markers used to identify and link the peaks to transitions in the
element library may be removed from the display by pressing tharGi
Elements buttoron the Element Table property page

282,141 : 328301

The quantification table may be repositioned on the data using the Annotation
History property page.
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With the Annotation History property page tapost on the Annotation dialog
window, a smalbox appears above the top lefland corner of the annotation
table.

:n:1[l3

607 Name Pos.
1 Nail1s 1070.3133
1 Cl2p 197.6116
50] O s 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 intensiscale 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 dt of quantification regions. If the Regions
property page on the Quantification Parameters dialog window isnmst,
stepping through the set of regions using the zoom options allows the limits
for the regions to be visually inspected and adjusted undeuse 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 is4mpst on the Quantification
Parametes 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 enesyeefined 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. \Nn a Create button is available on the
Regions property page of the Quantification Parameters dialog window, peaks
from asurveyspectrum have no means of assignment to transitions; therefore
the Element Table property page includes a feature for manuakating
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 loa 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 andehntroduction of synthetic component peaks via
the Components property page.

The Regions property page is used to define a background to the data
envelope.
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The intensity from a quantification region can be explicitly excluded from a
guantificationreport by entering an RSF of zero.

B Quantification Parameters
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A ik
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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. -tk the
mouse with the cursor over a peak as displayed in theheftd 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-tapst on the Quantification
Parameters dialog window, leflick the appropriate name field within the
element table for the transion identified in the lefthand pane.
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Os 4d3/2 290 1 7.23 GL(3C v
< >
| Foom 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 positiothwespect 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

component.
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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 whemagntification 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 egquir
to achieve a valid physical description based on-lm@ar 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 ardhe lineshape 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 reding 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 paraters from different components.
An interval is specified as a pair of numerical values separated by a comma:

E

F

Area Constr,
L.

o

beahimn Conztr, = 028 7

Cls
1
GLIE0)
4432 4
0.0, 1000000C
1.4

0.25 .7

2od. 75

302,208 . 279.1

Cls

3

Relational constraints involve specifying a parameter as related to a parameter
from a second component in terms of an offset or a factor. B@m®le, the

area ratio of two peaks from aqrbital 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 Zppeak:
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Componemt B, C

M arne L 2p Y K. 2p 3/2 C 1z
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tveaConstr | B*05 |00 0000 | 0.0 J00000
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Relatonal 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
O2fdzvy .3 UKS O2yaidNI}AYyld SYGSNBR AY
can be defined as a factopustraint, while a position constraint is defined in
terms of an offset to a second parameter.

Component i, B C
M armne T Clz
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Lire Shape GL{=0] GL30]
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Clz
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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-din@pe feld on the
Components property page. Lushapes are described in detail elsewhere in
the CasaXPS manual; however the most commonly used synthetic line shapes
are product Gaussiahorentzian GL(m) and sum Gausdianentzian SGL(m),
where m=0 is a pure Gasian 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
fahinn 0. 423031 0. 446053 L
fabirn Constr, 02.5 006207, ... |Wialeelyt-00 [
Fozition 599 9037 100,521 Fozition = 1. (I

The lineshape LA(a,b,n) offers asymmetric hsieapes based on the
Lorentzian functional form convoluted with a Gaussian.

A useful means of monitoring complex peak models is via a components
annotation tabledisplayed over the data.
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Exporting Peak Models as Data
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JReady c:\documents and settingsinealimy documentsiworkingdirimanualimanualforversion2. 3. 14 xps spectra dataikzpels . vms

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 dialagffering 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 TAPaced ASCII file or copieato the clipboard and
pasted into software capable of accepting text data through the clipboard.
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v P+ Bookl - Microsoft Excel Chart Tools - = x
e Frerm = ) a x
— e [r@'t Pagiﬁyaut F-:urlas Riﬁ \- Dn Lt Ft @ -
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- J ——= — e — *21 | Formatting - as {2 Format 2~ Filter~ Select~
Clipboard ™ Font IFl Alignment Number Styles Cells Editing
Chart 1 v ( fe |
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1 ants and settings\neal\my documents\workingdirymanual\manualforversion2.3.14\xps spectra data\k2pcls.vms
2 =
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9 30L.81 757 757 737 737 _
10| 30071 832 822 832 822 T K2p3/2.2.C1A19
11 301.61 873 873 873 873 ——C1s.3 Cls/19
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Quantification using Standard Reports

Quantification reports are texpased information generated from

guantification regions and/or components defined onNAS blocks. The most

common form for a quantification report is a tabulation of atomic
concentrations calculated from regions on survey spectra.

CasaXP5 Licensed to:A1 CASA - [test_nacl 161007.vms] EJ@E|
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0| |2 |W|E| ] 2)a|o|n[a]v| E e ]m]| m|m| e x| i b o)) 5
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35
E Custom Report
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10—3 Mames | Formul |
51
T | T T | T T | T T | T T
1200 900 600 300 0 | | |
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Ready c:idocuments and settingsinealimy document trar

The Report Spec property page on the Quantification Parameters dialog
window provides the means of creatinguantification reports from VAMAS
blocks selected in the rightand 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 rigfand pane ofthe experiment
frame.
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3.Pressing the Region button in the Standard Report section of the Report
Spec property page.

B Quantification Parameters

Hegiuns] Eu:umpu:unents] Data Editor  Feport Spec. IFIF'T Hepu:urt]

Standard Reportz

[v Uze Config File

Comps [ Use Prafile Format

Fegions and Comps | Combined *ith Tagz |

Cuztorn Repart

[Quantification [tem Mames
Clz

Cl2p

Mals

01z

Regionz | Comps | Al

Clear

A atio Fegion | Fatio Comp | R atio All |

Mames | Farmula |

Area Repart | Height Repaort | Tag Defined Repart |

The configuration files for the Standard Report section are a set of ASCII files
located in the CasaXPS.DEF directory. These configuratem dontain
keywords, one per line, specifying the type of information ideltl in the
columns of the texbase report. The configuration file for the Standard Report
Regions button is called RegionQuantTable.txt.

&% CasaXPS.DEF M=1E3
'J:l

File Edit \iew Favorites Tools  Help

Q Back - () 'ﬁ' /'__ ) Search Falders Elv

Address |3 C\Documents and SettingsiMealyy Documents)workingDinyCasaz3150eva 2\ Casaz 3150eva2 CasaxPs.0EF | % | k=4 Go
~ r;j CombineWithTagsQuantTable bxk Ej Settings. bxk

File and Folder Tasks & r:=j ComponentCuantTable bxk r;_j Spectra.bxt
r.2=:| Font. Exk El SyntheticCompColours, kxt
I;‘[ﬂ Renarme this File r;j MiscColours. bk
_é' Mave this File r;j ParameterFile, bxt
D Copy this File |w=j PrintFootMote, bxk
@ Publish this File ko the £] RegionComponentCuant Table, bxk
W'eh |"='| RegionQuantTable, kxk

:] E-mail this File
N -

The keywords listed in the file RegiamdptTable.txt are used to arrange the
columns of the quantification report provided the Use Config Fileldak is
ticked.

Standard Reparts

[v sze Canfig File
Regionz | Comps | [ Usze Profile Format

Regionz and Compz | Combined '#fith T ags
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I RegionQuantTable.txt - Notepad
File Edit Format iew Help

WAMAS_BLOCE__MAME
MAME

POSITION
RAW_AREL

RSF
TRANSMISSION
AREA
CORRECTED_AREA
COMCENMTRATION
MASS

MASS_COMNC

Selecting the VAMAS block in the rigfaind pane before pressing the Region
button causes a new view Iinto the experiment franwe appear within the
CasaXPS window.

Angle Wwi... |Mats | O1s | c1s | clzp |
1 Ma. | Q.. |Cl. |Cl..

:BIe Window  Fonts  Help -8 X

D e e ] [ e G | e[ [ [ ] ] e 2]

=11 U P e e et = 1 i S A W 3

.

Block 1d | ame N Position ‘ Raw Area | Library RSF | Transmission | area | (T*MFP) | AreafiRSFFT*MFP) | %ot Conc Mass % Mass Conc
Wide/2 zp 29.0000 19015.5 0.591 2.98352 6373518 7153.z2 30.89 35,4801 47.26
Widefz Qls S30wWQ000 15490.1 078 5.73085 3zzé 420 413644 17.86 15,9994 12,33
Widef2 Cls 285.00e] S243.01 0.278 3.69469 1419.085 5104.55 22,04 12.011 11.42
Widef2 Ma 1s 1071.0000 91079.8 1.685 7.98958 11399.825 676547 29.21 22,9898 28.98

Clipboard Selection

chdocuments and settingsinealsmy documentshworkingdirsmanualsmanualforversion2. 3.1 444ps spectia datahstandardspect A

Block I1d Mame  Position Raw Arealibrary RSF Transmission Area f [T*MFP) Areal/[RSFT*MFP] 2
‘wide/2 Cl2p  199.000019015.5 0891 298352 6373518715322 3083 35460 4726
wide/2 01z 536.0000 184301 0.78 573085 3226420413644 1786 159334 1233
Wide/2 Cls 2850000524301 0278 363469 1419.065510455 2204 120171 11.42
Wide/2 Mals  1071.0000 910738 1685 798958 11399.825 E7ES.47 29.21 229898 2

Pesk Area Fesults Compact form [Atomic Concentrations]
Mame  %Conc  Angle

StDev
Clzp 3083 1

01z 17.86
Cls 22.04

v
£ >

Save .. Copy Selection to Clipboard Copy &l to Clipboard

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 thgbolrd may
receive the data by requesting a paste action (usually Cokfirol

_n\ 9 - s Bookl - Microsoft Excel - = X
jj/) Home Insert Page Layout Formulas Data Review View '@) - 2 X
=] # - . e = ps—] - = . :Fj 7 ) || E=inset- || E - W ﬁ
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1 |c\documents and settings\neal\my documents\workingdir\manual\manualforversion2.3.14\xps spectra data\standardspecjranottingham\test_nacl_161007.vms

| a

3 |BlockIld MName Position Raw Area Library RS Transmiss Area / (T* Area/(RSF %At Conc Mass % Mass Conc

4 |wide/2 Cl2p 199 19015.5 0.891 2.98352 6373.518 7153.22 30.89 35.4601 47.26

5 |wide/2 01s 536 18490.1 0.78 5.73085 322642 4136.44 17.86 15.9994 12.33

6 |Wide/2 Cls 285 5243.01 0.278 3.69469 1419.065 5104.55 22.04 12.011 11.42

7 |Wide/2 Nals 1071 91079.8 1.685 7.98958 11399.83 6765.47 29.21 22.9898 28.98

8

9

10 |Peak Area Results Compact form (Atomic Concentrations)

11 [Name %Conc  Angle

12 St.Dev.

13 [Cl 2p 30.89 1

14

15 |0 1s 17.86

16

M 4+ | Sheetl ~Sheet? ~ Sheet3 ~ ¥1 E! I

Ready Average: 3488113482 Count:197  Sum:324394.5539 | |68 [0 a00se (=) U (4)

To return to the experiment frame displaying the spectra either switch
windows via the Window menu of CasaXPS or close the text report window.

67



CasaXPS Manual 2.3.15 Rev 1.2 Copyright© 2009 Casa Software Ltd

CasaXP5 Licensed to: A1 CASA - [test_npacl 161007 vms: 2]
M Fonts Help

0| 3 Cascade i | | | | | | | §
Tile :
Arrange Icons ; | | | | | | |
Block Id 1 CaszaxPl aly] | Raw Area |
widefZ 2 untreated Htanium, vimns 0o 19015,5
x!ﬁ 3 3 joint110707_1.vms gg ég:gﬂdi
ide .
widefz |+ FepCls.vms 000 91079.8
5 kest_nacl_161007 wms: 1
v Gtest_nacl 161007 wms:2

Similar configuration files aravailable 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 throughoa 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 quantifiteon information to other spectra will be
discussed using an example of a depth profile performed on a ‘ay#r
material.

CasaXPS Licensed to:A1 CASA - [sample_8.vms]
Eile Wiew Window Options Select Help
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Binding Energy (eV)
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Binding Energy (eV)

| | 5550 Ti...

The data set consists of a set of survey spectra measured following a sequence
of etch cycles. To examine the change in compmsiwvith etch time, the
survey spectra require guantification 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 spectribyspectrum 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.

v
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Create a region for each line in the survey spectrum represemtatf 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 ntarial.
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£ | >
37 — —

33 [ Zoom'when Line Selected Find Peaks
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Zoom into the Ti 2p peak envelope and add a region io 'mﬂeapéure titanium
based on the Ti 2p peaks.
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Similarly add regions for carbon and silicon.
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CasaXP5s Licensed to:A1 CASA - [sample_B8.vms]
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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 lefthand pane.
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Select the set of survey spectrathe righthand pane.
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Move the cursor over the active tile displaying the spectrum for which the
regions are defined and rigladick the mouse. A Browser Operations dialog
window lists the set of selected VAMAS blocks. Tick the Regiodsotiak the
Prgpagate 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 variation of the signal as a
function of deph. 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 Repeection 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 profiing experiments. The set of
guantification items (regions and components) defined on the selected VAMAS
blocks are listed in the Quantification Item Names I¢gabFrom these
guantification 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
guantification items assigad the same name. Specifically, if two
guantification 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 reports 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 referening 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 addited WVAMAS file. Thpresence of a
profile file is indicated in the bottom lettand corner of the active tile.
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To switch between viewing the spectra and the profile derived from the

spectra, press Contrét8 on the keyboard. The profile view of the data set can
be used tomark a set of etch times using a cursor deagion coupled with
holding the Shift Key down; on switching the display to the spectra using
ControlF8, the set of etch times marked by the cursor become selected.
Similarly, a contiguous selection in the syppam 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 dme can be saved once populated with the
profile VAMAS blocks. To copy VAMAS blocks between experiment frames:

1.Select the VAMAS blocks in the rigiiand pane.
2.Either, create a new experiment frame using the File menu or toolbar

button, or switch focus tomexisting 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 aradded to spectra via the Annotation dialog window.
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Delete

Angle: ID_

T

Pozition Type

" Dizplay

[uantification ] Peak Labelz ] Text ]
Annotation Higtary R egionz ] Comporents ]
Command | Annatation -~
annot text peak. Data 12... Clsz
annot text peak. Data 12...  Ce 4p342
annot text peak, Data 12, Ce 4p1/2
annat text peak, Data 13, Ce dd
annot text peak Data 95... 01z w

>

" Data

Fant [ Yertical Text Apply

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 seted, 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 podion 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 ]
Annatation History l Feqgions ] Components ]

Command Annotation »
annot text peak, Data 12... JMES
annot text peak. Data 12, Ce 4p3/2
annot text peak, Data 12, Ce 4p1/2
annot text peak, Data 13, Ce dd

annot text peak Data 95... 01z w
3 | =
Delete Position Type
Angle: ID_ " Dizplay * [ata
Fant [ Wertical Text Apply |

IC1s

To alter the font, press the Font button and choose a new font for the salecte
annotation item.

Eot: Font style:
Times Mew Faman Bold Italic oK |
Times Mew Boman Fegular
(} Trebuchet M5 — |ltalic Cancel
(} Tunga Bold
() Tw Con T
f} Tw CenMT Condense
(} Tw Cen MT Condense —
() Yerdana b
Effects Sample
[ 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, kefick the box located next to the
annotation on the display. Asrasult, 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 textta 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 ]
&nnotation History Fegions ] Components ]
=l | g b ﬂ'inn r.s
annat text peak, Data 66, Ce Lk
annol test peak Data T2, Lz
annot text peak Data 12, Ce 4p3#2
annot text peak, Data 12, Ce 4p1/2
annat text peak, Data 13, Ce dd w
£ >
Delete Position Type
Angler [ " Digplay (* Data
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 vertioalkentation,
un-tick the Vertical Text tickox 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 ly 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 excitain 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 thexcitation 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 asys. 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-xay 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 aecslectron 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 statdsesE 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 subshell structure.
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For a more complete description of the Auger meckamsee 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 statohe form and also as a multi
technique instrument, often including XPS to complement the advantages of
AES. Sulmicron spatial resolution requires a means of isolating vibrations and
Mu-metal shielding from stray electric and magnetic fields.
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XPS Instrument Xray Gun

Monochromator

The following Is concerned with speatiacquired 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
typicallyhave a response as a function of kinetic energy which behaves as an
iInverse power of the kinetic energy

R(E) « E—ln
where the exponennh 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 suchatlthe 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 thathigh 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 @e 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 #ngwactical 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 Iy tdifference 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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Someinstruments, in keeping with the past, acquire the data using hardware
signal differentiation, which partially accounts for the quantification based on
peakto-peak intensities. Most AES spectra acquired from modern instruments
are in direct mode and so wst be numerically differentiated before
guantification 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 usgna CHA in FRR mode.

Differentiation of Spectra

Differentiating data in which noise is a component requires the use of a more
subtle approach than Newte@otes differentiation. A least squares approach
attempts to mitigate the influence of noise on the uitsng 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. Savitzk
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 methotkcessarily includes a smoothing operation.
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Theory
Given a set of data containing both signal and noise, the initial objective of the
SavitzkyGolay method is to replace the raw data by a smoother set of data
representing the true signal responsible foretlrecord 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 lineafteastsquares 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 ratned. 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 bitiee 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 asedepts
are at the basis of the Savitzidolay method, which in essence applies the
leastsquares principle to determine an improved set of kernel coefficients for
use in a digital convolution, where these improved coefficients are
determined, in the leassquares 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 Savitfkglay method could be seen as a
generalisation of averaging data, since averaging ud-range of data
corresponds to using a Savitz&play polynomial of degree zero.
To illustrate the Savitzk§olay method, consider the specific example in which
five data bins are used to approximate a quadratic polynomial. The polynomial
can be expresseih the form:

p(x) = ay + a;x + a,x?
where the coefficientsay a; and a, are determined from the simultaneous
equations in which the abscissais the index for the data bin; the origin is
always placed at the central data bin, thus the abscissa valuessponding
to each of the data bins afe2,-1, 0, 1, 2}
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1 -2 4 d_;
1 -1 1([%] [d-
1 0 0 a]_ = do
1 1 1 aZ dl
1 2 4 | d, |
or
Aa=d

where the evenly spaced data bind,{ d.;, dy, d;, d>} are selected with the
target of replacing the value fak, with the value for the polynomial at = 0 or
p(0) = @. Since there are five equations and only three unknowns, the
coefficients to the polynomial must be determined in the lesagtiares sense,
where the linearly independent basis functions drex and x*. The normal
equations yield:

ATda = A"d
Since AAis a square symmetric matrix of rank three, the coefficient veatisr
determined from[A'A]*A’, the top row of which yields the prescription for
computing the value o&y, namely:

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

Thus, for each set of five such data bins, the central bin can be replaced by the
value determined foray. In other words, a digital convolution using the five
point kernel §} and the raw data bins results in a snioed 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 approxim#te derivative at a
given point in the spectrum using the derivative of the polynomiak at O
Sincedp(0)/dx = a the second row of the matrifA’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.

(=)= B rAk

I Spectrum Processing

Froceszzing History ] alibration ] Intenzity Calib, ] Smoothing ]
Differentiation l Integration ] Test Data ] PCA, ] Calculator ]

b ethod Smoothing ‘width
© 56 Quadatic | |5
" 5G Quartic
[ Apply to all coresponding vanables Apply
|Diff SG D2 PE)

The Differentiation property page on the Spectrum processing dialog provides
a choice of two Savitzky Golayethods 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 ayeedefor

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 peako-peak height determined for an Auger peak. Consider a
Gaussian peak with a FWHM of 7 eV tabulated at 1 eV and 0.5 e¥iztsp
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If differentiated using a fpoint quadratic Savitzky Golay method the paak
peak measurement for the same functional formfeti by 10%.
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The FWHM w=d for the Gaussian is typioail an oxygen KLL peak. The scale of
the difference between peato-peak intensities for peaks of different FWHM
when measured using different stegizes also varies. A petkpeak intensity

for a peak with FWHM 10 eV when measured using 1 eV and 0.5 eV and
differentiated using a fpoint 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 at3.eV should therefore be
differentiated using a $oint Savitzky Golay method, while data acquired at 1
eV would require apoint Savitzky Golay differentiation. While matching the
number of points used in the Savitzky Golay method to the -ste@ can
improve the acquisition stepize dependency, the test peak of FWHM 7 eV
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still results in a 1.8% difference in pekpeak height when tabulated at 0.5
eV steps and differentiated with a@int quadratic Savitzky Golay than when
tabulated at 1 eV and diffentiated with a 5point 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.

Etch Time [s] | AE... | BE... | ®P... |AL... |Er... |Mo... | @
0 [&E... |AE... |#P... | AL1 [ Erl | Mao
120 AL 1 Mo
240 ALL | Erl | Mo
360 ALL | Erl | Mo
430 e |= 6 = AL | Erl | Mo
600 ALL | Erl | Mo

2.Invoke the Spectrum Processing dialog window and seldst
Differentiation property page.
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3.For data acquired using 1 eV steige, select the SG Quadratic radio
button and enter 5 into the smoothing width text box.

kethod Smoothing ‘Width
{¢ SG Quadratic 5

" 5G Duartic

4.Press the Apply button on the Differentiation property page.
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An entry appears in the scted list on the Processing History property page.

B Spectrum Processing EHEWEI

Differentiation ] Integration ] Test Data ] PCA ] Calculator ]
Processing Histary l Calibration ] Intensity Calib. ] Smoothing ]

Praceszing Command
Diff 5G D[2) P5)

4 »

Reszet | Apply Selection | Propagate Flag |

Urdo | Remove |

R eszet All

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 th@extrum in the active tile
can be propagated to data selected in the rigfand 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 progmge
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 righind pane for which the differentiation
operation is also required.

3.Place the cursor over the active tile in the {IBindpane and invoke the
Browser Operations dialog window by rigtlick the mouse button.
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