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NO WARRANTY  
Casa Software Ltd. does its best to ensure the accuracy and reliability of the Software and 

Related Documentation. Nevertheless, the Software and Related Documentation may contain 

errors that may affect its performance to a greater or lesser degree. Therefore no 

representation is made nor warranty given that the Software and Related Documentation will 

be suitable for any particular purpose, or that data or results produced by the Software and 

Related Documentation will be suitable for use under any specific conditions, or that the 

Software and Related Documentation will not contain errors. Casa Software Ltd. shall not in any 

way be liable for any loss consequential, either directly or indirectly, upon the existence of 

errors in the Software and Related Documentation. The Software and Related Documentation, 

including instructions for its use, is ǇǊƻǾƛŘŜŘ ά!{ L{έ ǿƛǘƘƻǳǘ ǿŀǊǊŀƴǘȅ ƻŦ ŀƴȅ ƪƛƴŘΦ /ŀǎŀ 

Software Ltd. further disclaims all implied warranties including without limitation any implied 

warranties of merchantability or fitness for a particular purpose. CasaXPS should not be relied 

on for solving a problem whose incorrect solution could result in injury to a person or loss of 

property. The entire risk arising out of the use or performance of the Software and Related 

Documentation remains with the Recipient. In no event shall Casa Software Ltd. be liable for 

any damages whatsoever, including without limitation, damages for loss of business profit, 

business interruption, loss of business information or other pecuniary loss, arising out of the 

use or inability to use the Software or written material, even if Casa Software Ltd. has been 

advised of the possibility of such damages. 
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Getting Started w ith CasaXPS 
CasaXPS is downloaded from the Web in a zip file. The zip file includes the 

executable program file and also configuration files essential for the correct 

functioning of the program. 

 

The CasaXPS.exe file must reside in the directory with the configuration files. To 

place an icon for CasaXPS on the Desktop, a shortcut should be created. Drag the 

shortcut onto the Desktop. 

   

Licensing CasaXPS 
The license information for CasaXPS appears at the top of the End User License 

Agreement (EULA). Two strings from the EULA must be copied and pasted exactly 

as given into the About Dialog of CasaXPS before pressing the Update License 

pushbutton. 
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Once the license information is accepted, the title bar of the CasaXPS main 

window displays the Username string. Without a license, CasaXPS functions in 

demo mode only. 

 

Opening a VAMAS file 
The native file format used by CasaXPS is ISO 14976 VAMAS ASCII format. To open 

a VAMAS file: 

1. Select the Open option on the File menu or use the Open toolbar button. 

 

2. Browse the directories using the File dialog window and select a VAMAS 

formatted file. 
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The selected file opens in an experiment frame. 

 

Displaying Spectra  
A VAMAS file may contain one or more spectra. The spectra are held in data 

blocks within the VAMAS file and these data blocks or VAMAS blocks are 

displayed in the right-hand pane of the experiment frame. 

 

Displaying spectra involves selecting one or more VAMAS blocks in the right-hand 

pane before pressing the display toolbar button. 
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The left hand mouse button is used to select a VAMAS block in the right-hand 

pane. A single click of the mouse selects the VAMAS block beneath the cursor, 

while double-clicking the mouse caused the VAMAS block beneath the cursor to 

be selected in the right-hand pane and also displayed in the left hand pane. 

Overlaying Spectra  
Spectra within an experiment frame are overlaid by first selecting a set of VAMAS 

blocks in the right-hand pane before pressing the overlay toolbar button. 
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Multiple selections of VAMAS blocks are achieved using a combination of mouse 

actions coupled with the use of the Shift and Control keyboard keys. 

To select a contiguous set of VAMAS 
blocks: 
 
Select the first VAMAS block in a 
range. 
 

 

Hold the Shift key down and select 
the last VAMAS block in the range. 

 
 

To add VAMAS blocks to a selection: 
 
Hold the Control key down and 
select a VAMAS block in the right-
hand pane. 

 
 

Measuring Peak Intensities  
Quantification is performed on the Quantification Parameters dialog window. 
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Each peak used to measure the composition of a sample requires a quantification 

region. The quantification region defines: 

1. The name associated with the peak e.g. O 1s. 

2. The relative sensitivity factor (RSF) for scaling the raw peak area. 

3. The start and end energy limits over which the peak intensity is to be 

measured. 

4. A background type specifying the algorithm for calculating a background 

curve on top of which the photoelectric peak sits. 

5. An average width representing the number of data channels used to 

determine the intensity of the background at the two energy limits 

specified by the start and end fields. 

6. A percentage offset for each of the start and end limits specifying a 

reduction in the computed background intensity at these limits. 

7. Additional parameters available for use with a subset of background types. 

8. A TAG string used to identify a region. 

Quantification reports based on regions are displayed over a survey spectrum 

using the Regions property page on the Annotation dialog window. 

 

Peak models are created using a quantification region to define the background 

and synthetic lineshapes defined using the Components property page on the 

Quantification Parameters dialog window. 
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Components are synthetic lineshapes defined in terms of: 

1. Component name e.g. O 1s 2. 

2. A relative sensitivity factor (RSF) used to scale the raw peak area. 

3. A lineshape specifying the functional form for the component e.g. GL(30) or 

SGL(20). 

4. The raw area of the component peak. 

5. A constraint for the raw area of the component peak. 

6. Full width at half maximum FWHM for the component peak. 

7. A constraint for the FWHM. 

8. The position of the component peak. 

9. A constraint for the component position. 

10. A TAG string used to link regions and components for quantification 

purposes. 

11. A component index used to group components for operations and display. 

The component parameters are displayed over the data as a table using the 

Components property page on the Annotation dialog window. 
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Quantification results based on quantification regions and components are 

generated for export using the Report Spec property page on the Quantification 

Parameters dialog window. 

 

Quantification reports generated from the Report Spec property page are based 

on the selection in the right-hand pane of the experiment frame. The text based 

report generated by selecting one or more VAMAS blocks and pressing the 

Regions button, for example, is exported via the clipboard using the Copy toolbar 

button. 
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The quantification table is place on the clipboard and may be pasted into a 

spreadsheet program or any other program capable of accepting text via the 

clipboard. 
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Working with Spectra  
The following sections describe features in CasaXPS using typical tasks to illustrate 

options available to the user. 

Quantification using Survey Spectra  
Elemental composition for a surface is typically determined from survey spectra. 

A survey spectrum measures the count rate over a wide range of energies using a 

relatively low energy resolution with high sensitivity. In most cases the survey 

spectrum provides the basis on which more detailed high resolution narrow scan 

spectra are acquired. 

 

A survey spectrum does not include the detailed peak structure seen in the high 

resolution narrow scan data, but provides the context for peaks in the energy 

spectrum. The information in the survey spectrum includes all the related 

transitions and background shapes vital to understanding the sample. 

Identification of peaks is performed using the, so called, element library. 
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The element library is a list of transitions for both photoelectric and Auger peaks. 

The element library provides information about peak positions and more 

importantly maintains a set of relative sensitivity factors used to quantify the 

peak areas in terms of surface composition. The library also relates peaks due to 

transitions within a given element, thus selecting one transition in the element 

table results in markers appearing on the data for all the transitions for the 

element selected. 

 

Element markers can be placed on the display via the Element Table property 

page or the Periodic Table property page of the Element Library dialog window. 
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The element library is an ASCII file located in the same directory as the 

CasaXPS.exe executable file named CasaXPS.lib. If no entries appear in the 

element table the executable and library files are not in the same directory as 

required. The element library is essential for quantification of XPS data therefore 

it is important the directory structure in the CasaXPS zip file is maintained intact. 

The most common reason for a lack of an element library within CasaXPS is that 

the CasaXPS.exe has been moved to the Desktop, thus separating the executable 

from the element library file. To avoid this problem, always create a shortcut for 

the CasaXPS program file and move the shortcut onto the Desktop rather the 

program file itself. 

A first step in quantifying a survey spectrum is to identify the elements by 

assigning each peak to an element. On occasion, peak positions may be offset in 

energy due to charging of the sample. It is both comforting and informative to 

adjust the peak positions to the expected energies for the transitions assigned to 

the peaks. Energy calibration is performed using the Spectrum Processing dialog 

window. 
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Energy calibration is performed using the Calibration property page on the 

Spectrum Processing dialog window. The case of calibrating a single survey 

spectrum is the simplest calibration operation since a survey spectrum represents 

a complete set of photoelectric transitions maintained within a single VAMAS 

block. The energy shift determined for the correction based on one peak 

necessarily corrects all the peaks in the VAMAS block. For the current example 

data, identifying the carbon 1s transition, assuming the peak is predominantly 

contamination and therefore expected to appear with binding energy of 285 eV, 

allows the a calibration to be performed. Specification of two energies indicating 

the measured binding energy for the C 1s peak and the true binding energy 

assumed to be 285 eV is sufficient to determine the shift in energy required to 

position the measured peaks in binding energy. Calibration of a single VAMAS 

block displayed in the active tile is performed by pressing the Apply button on the 

Calibration property page. 

The peak position in the data before calibration is entered in the Energy 

Calibration section of the Calibration property page either manually or 

alternatively using the cursor and mouse. 
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The Measured field is updated each time the cursor is located over the left-hand 

pane of the experiment frame and the left mouse button is clicked. 

 

To complete the calibration, a value is entered into the True text-field before 

pressing the Apply button on the Calibration property page. An entry specifying 

the calibration parameters is entered on the Processing History dialog window 

and the energy scale is shifted by the difference between the Measured and the 

True energies entered on the Calibration property page. 
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The Apply button on the Calibration property page only affects the active VAMAS 

block in the active tile. To apply the same calibration to a set of VAMAS blocks, 

the Apply to Selection button is used instead. The Apply to Selection button 

calculates a shift based on the parameters on the Calibration property page and 

applies the same shift to all VAMAS blocks selected in the right-hand pane of the 

experiment frame. The use of the Apply to Selection button will be discussed in 

detail for the example below in which high resolution narrow scans are energy 

calibrated. 

Elemental composition of survey data requires the linking of peaks to transitions 

in the element library. Connecting peaks to transitions permits RSF scaling 

information to be added to the quantification regions used to calculate peak 

intensities. Quantification regions for survey spectra are therefore best created 

via the element library, particularly because a survey spectrum, by nature, is a 

collection of peaks from a variety of transitions and therefore the VAMAS block 

cannot include knowledge regarding a peakΩǎ origin. High resolution spectra, in 

contrast, are acquired under circumstances where species and transition 

information are available, either due to prior acquisition of a survey spectrum or 

sample knowledge. The creation of quantification regions for survey spectra is 

performed using a combination of the Element Library and Quantification 

Parameters dialog window. 

The element library provides not only a means of identifying peaks in the data but 

once a set of element markers are displayed over the survey spectrum, regions 

can be created based on the element markers where a region is created for each 

element indicated. By pressing the Create Regions button on either the Element 

Table or the Periodic Table property pages regions are created for each element 

using, as a default, the transition with the largest RSF. The transition used to 

create these regions can be explicitly defined using a configuration file, but in the 

absence of a configured transition, the largest RSF determines which peak is used 

to quantify an element. 
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The current example is potassium chloride (KCl). Four quantification regions 

created based on element markers for oxygen, carbon, chlorine and potassium 

are added to the VAMAS block for the survey spectra and an annotation table 

equivalent to a table created by the Regions property page of the Annotation 

dialog window is added too. 

 

The regions are created using the name and RSFs from the element library 

combined with the parameters last used to create a quantification region. If for 

example on pressing the Create Regions button the regions are created using the 

background type Shirley, but for the data in question a linear background is 

deemed to be appropriate. Editing the background type for one of the regions 

using the Quantification Parameters dialog window and recreating the set of 

regions using the element library mechanism results in a new set of regions now 

utilising the newly used linear background type. 

To alter a parameter in the regions such as the background type: 

1. Alter the background type on one of the existing regions. 
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2. Re-create the regions using the element library and the current set of 

element markers. 

 

The same two steps will permit other region parameters not extracted from the 

element library to be similarly adjusted. 

It is always wise to visually inspect the regions used in the quantification. Often 

the background limits may need adjusting and confirmation that the correct RSF 

for the peak identified has been used. A useful tool for inspecting the regions is 

via the zoom list for the active tile. The display tiles in the left-hand pane provide 

for reducing the intensity and energy display limits using zoom boxes defined via 

dragging the cursor over an area of the display tile. 
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Either clicking inside the zoom box or pressing the Zoom In toolbar button cause 

the display to expand the zoom box to fill the display area of the tile. 

 

To return to the previous zoom state, the Zoom Out button can be pressed. Each 

time a zoom box is used to alter the display state, the dimensions of the zoom box 

are placed on a zoom list. The Zoom Out toolbar button actually cycles through 

the set of zoom states previously defined by the zoom actions. To reset the 

current zoom list to the full range of the intensity and energy scales the Reset 

toolbar button must be pressed. 
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Zoom In  
Zoom Out  

Reset Zoom List  

While the region limits can be examined via a sequence of zooming in followed by 

zooming out then zooming in again, a mechanism employing the zoom reset 

facilitates the inspection of the regions by placing a set of zoom states onto the 

zoom list based on the current set of regions refined on the data displayed in the 

active tile. Pressing the Reset toolbar button causes the display to return to the 

full view of the data. The Reset toolbar button also loads a set of zoom states 

onto the zoom list so that by pressing the Zoom Out toolbar button the display is 

switched between intervals about the region energy limits. To inspect the regions 

it is therefore simply the case of pressing the Reset toolbar button followed by 

repeatedly pressing the Zoom Out toolbar button. If the Region property page is 

top-most on the Quantification Parameters dialog window, the region limits are 

easily adjusted under mouse control. 

The sequence of display states cycled through using the Reset and Zoom Out 

toolbar buttons for the KCl data are as follows: 
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Following a complete cycle through the regions defined on the data displayed in 

the active tile, the tile display returns to the state initially invoked by pressing the 

Reset toolbar button. At this point each region will have been reviewed and 

potentially adjusted to the point that the quantification table over the display 

may be considered valid. 

The accuracy for the atomic concentrations relies on the precision with which the 

peak areas are calculated and also the validity of the relative sensitivity factors 

used to determine the quantity of material responsible for the measured peak 

intensity. The uncertainty due to the appropriateness of the sensitivity factors 

cannot be measured based on the data available to CasaXPS; however provided 

the counts per bin are supplied in the VAMAS file and the instrument from which 

the data are acquired obeys Poisson statistics, the uncertainty in the precision can 

be estimated for regions and added to a quantification report. The technique for 

measuring the precision in the calculation is based on a Monte Carlo procedure. 

Adding a column to the regions report annotation involves first re-creating the 

region report using the Annotation dialog window with the tick-box enabled on 

the Region property page with the label Include At% St Dev. The second step is to 

press the button on the Regions property page of the Quantification Parameters 

dialog window labelled Calculate Error Bars. Once the calculation is complete, the 

%St Dev column values for the atomic concentrations are added to the 

quantification report displayed over the data in the left-hand pane. 
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Adjusting the regions annotation involves deleting any annotation table already 

displayed over the data. The Annotation History property page provides the 

means of deleting and adjusting annotation defined on a VAMAS block. 

  

Factors influencing the quality of the XPS information are appropriate RSFs for a 

given background type and the stability of the background with respect to noise 

in the data. Any analysis performed using a standard library of sensitivity factors 

can only realistically hope for type B scenario, where measurements are 

repeatable, but not necessarily producing the correct values. Type A scenario is 

only possible for materials for which RSF are measured from standard samples. 

Ideally the grouping of results in Type B would be achieved centred on the true 

value. 
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Type A 
 
Poor precision better 
accuracy: 
 
Noisy data with poorly 
defined background 
limits but well defined 
RSFs. 

 

Type B 
 
Good precision poor 
accuracy: 
 
Good signal-to-noise 
but inaccurate RSFs 

 
The first objective for most analyses is therefore to achieve repeatability for 

identical samples. Acquisition times are typically selected to achieve good 

precision, however photo-ionisation cross-sections for some materials or sample 

damage due to exposure to x-rays force less than idea signal to noise ratios in 

practice. It is therefore important to optimise the precision possible for a given 

set of data and to this end the average-width region parameter can enhance the 

precision achieved. 

The Av Width region parameter provides a means of improving the stability of the 

background with respect to noise in the data. 
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The key point is that the location of the background with respect to the spectral 

data should be independent of the data channels corresponding to the start and 

end energy parameters. For noisy data, if a single data channel specifies the 

intensity of the background at either extreme of the region interval, the 

background calculation may produce significant differences simply due to the 

choice for these region limits. 

 

An Av Width of zero results in a single data channel defining the intensity for the 

background at either end of the region. A linear background for these data moves 

from a negative gradient to a positive gradient based on simply shifting the region 

energy limits by one data channel. Since the peak intensity is measured using the 

background subtracted counts per second, it is clear that the computed area and 

therefore atomic concentrations are, under these circumstances, subject to 

unnecessary error.  

A remedy is to introduce a non-zero Av Width parameter. The Av Width 

parameter specifies the number of data channels to the left and right of the data 

channel which would otherwise be used in isolation to specify the background 

intensity at the region limits. Thus, an Av Width of 3, say, would specify the 

background intensity at these limits to be calculated from seven data channels. 

Three to the left of the data channel determined from the region limit, the data 

channel determined from the region limit itself and three more data channels to 

the right, making a total of seven data channels.  
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The background intensity at the region limits is now very insensitive to the noisy 

in the data. Moving the region limits by one data channel returns an almost 

identical linear background. 

While smoothing the data before quantification provides an alternative approach 

to averaging the intensities from a limited range of data channels, data smoothing 

alters the shape and resolution of the peaks, therefore is unattractive when 

creating peak models. Employing the Av Width parameter is preferable to 

smoothing the entire spectrum. 

The intensity calculated from the data channels specified by the Av Width 

parameter may be determined in one of two ways: 

1. A simple mean average over the data channels specified. 

2. Fitting a polynomial to the data channel intensities in a least squares sense. 

The default method used to calculate the background intensities can be 

configured at start-up, or switched using the Av Width field on the Regions 

property page of the Quantification Parameters dialog window. A more detailed 

description of these features appears in following sections, but for now it is 

sufficient to know that the Av Width parameter can significantly improve the 

precision for computed concentration values. 
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For the above example, the Av Width method calculates the background intensity 

by fitting a polynomial to the range of data channels. The colour for the 

background to the Av Width field indicates which algorithm is employed. A plain 

background to the Av Width field indicates the mean average algorithm is in use. 

High Resolution Spectra  
Once the composition of a sample is known, narrow scan spectra acquired with 

higher energy resolution are often used to investigate the chemical state for the 

elements at the surface. Reducing the pass energy improves the energy resolution 

but reduces the count rate; hence the need to measure the intensities over 

reduced energy intervals. The KCl data file includes a survey spectrum measured 

with pass energy 80 together with four narrow scan spectra using pass energy 20 

for a Kratos Axis Ultra. 
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Using pass energy 20 to acquire the interval containing the chlorine 2p doublet 

resolves the doublet nature of the 2p transition. The same energy region from the 

survey spectrum fails to produce the clarity for the two chlorine peaks. 

 

These two ways of visualising the data are achieved using tile display options 

based on regular arrays of display tiles in the first case and an inset tile to provide 

a closer view of the Cl 2p peaks in the survey spectrum. 
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Changing the Number of Tiles per Page  

The number of tiles per page is determined by the Page Tile Format dialog 

window. 

 

 

 

A set of property pages offer predefined arrays of display tiles in terms of the 

number of rows in the array coupled with the number of tiles within in each of 
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four possible rows. The number of rows and number of tiles per row may be 

switched to define the array in terms of columns using the Tiles Arranged in radio 

buttons. 

By organising the radio buttons on the Page Tile format dialog window as follows 

the four narrow scan spectra are arranged in two columns, where the first column 

displays three tiles and the second column contains a single tile: 

 

Inset Tiles  

The alternative to a regular arrangement of tiles is to use the inset tile 

mechanism. The most common use for inset tiles is highlighting one or more 

intervals of interest in a survey spectrum. 
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An inset tile is created by using the mouse to drag a zoom box over the data in the 

active tile followed by pressing the Insert key on the keyboard. The data below 

the zoom box appears within the inset tile created when the Insert keyboard key 

is pressed. 

 

Data displayed in an inset tile is manipulated identically to data displayed in the 

parent tile. Zoom Out and any other of the toolbar buttons for adjusting the 

display ranges can be used to display the desired peak information. 
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The tile with focus, including the inset tiles, can be used to manipulate data via 

the toolbar buttons or any dialog window. Logically, there is no difference 

between an inset-tile and any other tile appearing in the left-hand pane; regions 

and components respond to adjustments within an inset tile in the same way as 

adjustments made when the parent tile has focus. Further, data from any VAMAS 

block in the right-hand pane can be displayed in an inset tile. Focus is transferred 

to any tile by left-clicking the mouse with the cursor inside the tile. The title for 

the data in a tile becomes highlighted once focus has been acquired by the tile, at 

which point a VAMAS block from the right-hand pane is inserted into the tile by 

first selecting the VAMAS block in the right-hand pane, before pressing the 

Overlay toolbar button. 
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Creating Regions for Narrow Scan Spectra  

The approach used to create regions for survey spectra, while available, is less 

appropriate for narrow scan spectra. The principal difference between survey 

spectra and narrow scan spectra resides with the targeted nature of the narrow 

scan spectra where peaks are assigned to a transition within a specific element. A 

survey spectrum represents all transitions from elements in the surface of the 

sample. In general, since narrow scan spectra can be assigned to a specific 

transition, information about the transition is potentially included in the VAMAS 

block maintaining a narrow scan spectrum.  

The KCl example illustrates a set of narrow scan spectra for which 

element/transition fields are assigned to the four narrow scan spectra. The caveat 

is the C 1s VAMAS block. While the VAMAS block assigned the element/transition 

C 1s does indeed include the carbon peak, the proximity of the K 2p peaks to the 

C 1s energy means the two transitions are both included in the spectrum labelled 

C 1s. 
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Whenever high resolution narrow scan spectra are assigned the correct 

element/transition VAMAS fields, a toolbar button offers a means of creating 

quantification regions. Regions are created by selecting the VAMAS blocks in the 

right-hand pane before pressing the Add Regions toolbar button. 

 

 

One region is created per VAMAS block selected in the right-hand pane. The RSF 

and name assigned to the regions is determined from the VAMAS block 
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element/transition fields. Other region parameters are based on the last used 

values for these parameters. While regions have been created for each of the four 

VAMAS blocks in the KCl VAMAS file, the set of regions are less than perfect.  

The most obvious error is the C 1s region has been positioned over the K 2p 

doublet. The largest peak in the narrow scan spectrum is included in the region 

interval and since the K 2p intensity exceeds the C 1s intensity, the region is 

determined for the K 2p peaks rather than the true C 1s peak. Regardless of 

whether the correct peak was associated with the element/transition fields in the 

VAMAS block, a narrow scan spectrum containing more than one transition will 

typically require manual adjustment following pressing the Add Region toolbar 

button.  

The first step in rectifying the error is to move the region from the K 2p peaks to 

span the C 1s peak. Invoking the Quantification Parameters dialog window with 

the Regions property page top-most enables a pair of vertical locators at either 

end of the quantification region. If the cursor is placed midway between the 

vertical markers and dragged, the region limits are both shifted by the same 

amount and therefore the current region is shifted by these actions until the 

region spans the C 1s peak only. Note that the RSF extracted for the region is 

based on the C 1s assigned for the narrow scan spectra and as such is correct for 

the C 1s peak intensity. 

 

A region must be manually created for the K 2p doublet peaks: 

1. Zoom into the K 2p doublet peaks. 
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2. Invoke the Element Library dialog window and select the K 2p transition 

using the Element Table list. 

 
3. On the Regions property page of the Quantification Parameters dialog 

window press the Create button. 

 

The region created on pressing the Create button extracts the name and RSF 

based on the transition selected via the element table. 
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The O 1s narrow scan region highlights a further issue, namely, the background is 

poorly defined even though the Av Width field is set to 10. An Av Width of 10 

should produce a very stable background definition, however the background 

automatically calculated for the data appears poor. The problem with the 

background results from a feature of the Av Width. If there are insufficient data 

channels at either end of the region limits to compute the background based on 

the specified number in the Av Width field, then rather than progressively 

introducing a reduced number of channels in the averaging process, the approach 

is to switch to just one data channel when determining the background. If a 

problem exists and it is significant, the precision of the background is either as 

good as requested or as bad as possible, with nothing in between. The intension is 

such problems should be obvious rather than attempting to hide these errors. The 

solution is to adjust the region limits to ensure the specified Av Width can be 

calculated. This involves positioning the region limits so that there are more than 

10 data channels available for use at either end of the energy interval for the 

region. 
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While the problem with the O 1s background can be solved, a similar problem 

with the Cl 2p data cannot be solved in terms of Av Width adjustments. The 

difference for the Cl 2p data is that the acquisition window failed to include 

sufficient data channels to lower binding energy of the peak envelope. 

 

For the case of the chlorine peaks, the background type linear needs to be 

changed to one not relying on both end limits. One possible solution is to switch 

to the background type Min and adjust the energy interval to accommodate as 

much of the peak structure as possible. 
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The background type Min simply places a horizontal background level with the 

minimum intensity in the region energy interval. For this example the solution 

appears good, based on the relative intensity of the two peaks for Cl 2p the 

minimum background can be justified. 

Doublet peaks are a feature of XPS spectra. A given electron configuration results 

in a range of quantized (for core level solid state materials) energy levels. These 

energy levels may split to form related energy levels under the influence of spin-

orbit interactions and for sufficiently large elements these spin-orbit energy 

differences are apparent in the XPS peak structure. For the case of potassium 

chloride, both elements are sufficiently large to exhibit spin-orbit splitting due to 

transitions involving the emission of a 2p electron. Potassium chloride offers an 

example of a diatomic molecule where the initial state is clearly a singlet ground 

state. The doublet nature of the XPS peaks assigned to K 2p and Cl 2p are due to 

the doublet nature of the excited ions, where the final state is available with two 

possible energies. According to theory, these two energy levels are formed from a 

set of degenerate states, where the number of degenerate states allocated to 

each of these two observable energy levels depends on the total angular 

momentum quantum number (j-j coupling notation) j = l + s, where l is the orbital 

angular momentum number and s the spin angular momentum quantum number. 

For the emission of an electron with p (l = 1) angular momentum, the final state 

offers two energy states, j = 1/2 and j = 3/2, in the proportion 2(1/2) + 1 to 2(3/2) + 

1 or simply stated the expected intensity ratio of 2p doublet peaks is 1:2. Both the 
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K 2p and the Cl 2p doublets obey the relationship between the intensities for the 

2p1/2 and the 2p3/2 peaks. 

 

photon energy = kinetic energy + binding energy + (work function +sample bias) 

 

Calibration of Binding Energy Scale for Narrow Scan Spectra  

The basic equation for the photoelectric effect modified for XPS includes terms 

which explain the reason peaks appear at energies different from values reported 

in the literature. The sample, when placed in the vacuum chamber of an XPS 

instrument is either electrically connected to the instrument, or electrically 

isolated and therefore allowed to change potential relative to ground. In either 

case, the electrons emitted from the surface must overcome a potential barrier to 

enter the vacuum. The measured position of the peak, as a result, is not absolute 
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but relative to the energy required by an electron to break free of the sample 

surface. To position the XPS peaks with respect to a binding energy scale, the 

calibration procedure involves a simple shift in energy. For sets of narrow scan 

spectra, the assumption usually employed is all data acquired under the same 

sample charge state are calibrated by applying the same energy shift to each 

narrow scan spectrum. The shift is typically determined using the position of a 

know peak and applied to the appropriate set of spectra. 

Energy calibration for sets of narrow scan spectra are performed using the same 

mechanism used to calibrate a survey spectrum; the only difference is the shift 

calculated for one spectrum is applied to others in the VAMAS file. The spectrum 

for which a peak position is known is displayed in the active tile. The Calibration 

property page on the Spectrum Processing dialog window again provides the 

means of applying the energy shift based on the selection in the right-hand pane 

of the experiment frame. 

 

The expected value for the C 1s peak is entered in the True field on the 

Calibration property page and a selection in the right-hand pane of all VAMAS 

blocks for which the sample bias experienced during the acquisition of the C 1s 

peak also applies. For the KCl sample, the O 1s, N 1s and Cl 2p narrow scans are 

selected in addition to the C 1s VAMAS block. 
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One further consideration is the action associated with the regions and 

components already defined on the data. When the energy shift is applied to the 

spectra, the regions and components may or may not be shifted also. Since the 

regions and components are placed on the data prior to calibration of the energy 

scale, it is appropriate to shift both the regions and components. Tick-boxes on 

the Calibration property page control these shifts associated with the regions and 

components. On pressing the Apply to Selection button with the tick-boxes as 

shown below results in the peaks, the regions and the components defined on the 

K 2p doublet all moved by the same offset in energy as the spectrum. The energy 

shift calculated from the C 1s peak is also applied to the selected O 1s, N 1s and Cl 

2p VAMAS blocks. 

 

The use of the Adjust Regions and Components tick boxes for individual files is 

almost always appropriate.  

 
The circumstance in which the regions and component may not need shifting with 

the data arises if regions are propagated to the data from another source file 

from which the calibration used to create the regions would not be appropriate. If 

the Region and Component tick-boxes are left un-ticked, the data can be made to 

move into line with the propagated regions. 
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The Measured energy used to specify the energy shift can be obtained from 

several sources. The most direct is via the cursor and the mouse left-hand button. 

A position in the left-hand pane indicated by the cursor when the mouse button is 

pressed is loaded into the Measured text-field. Alternatives to the interactive 

method include using a region defined on the data prior to calibration. 

 

The procedure involves the Regions property page on the Quantification 

Parameters dialog window, the element library and the Region button on the 

Calibration property page. The Element Library dialog window is not required for 

the procedure; nevertheless the name field in the selected region on the Regions 

property page, if specified to match an entry in the element library, causes the 

energy from the element library to update the True text-field. When the Region 

button on the Calibration property page is pressed, the position for the largest 

peak in the selected region on the Regions property page is entered for the 

Measured energy and provided the name field for the region matches an element 

library entry, the True field is also updated at the same time. Once these text-

fields are specified, the calibration of the data proceeds as described above. 

Often the energy calibration is dependent on the position of a component in a 

peak model. For example the C 1s peak expected to be positioned at 284.8 eV, 

say, is not found in isolation and therefore to identify an accurate position of the 

peak a three component model is required. Once such a model is created for a 

piece of data, the calibration procedure equivalent to the one based on a region 
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can be performed now based on a component rather than a region. The 

Components property page offers a means of selecting a component. When a 

component is selected and the Component button on the Calibration property 

page is pressed, the Measured and True values are again updated based on the 

position of the selected component and the element library entry matching the 

name field for the selected component. 

 

 

Once again, the selected VAMAS blocks are all calibrated with respect to the 

chosen component. Making an appropriate selection in the right-hand pane prior 

to pressing the Apply to Selection button on the Calibration property page allows 

a set of related spectra to be calibrated in one action. The Processing History 

property page is used to confirm the calibration for each VAMAS block is as 

intended. 
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The Calibration property page includes options for use with sets of spectra from 

differing sample potentials. Such data requires a means of calculating the 

appropriate shift for each charge state. These features will be described 

elsewhere. 

Quantification of Narrow Scan Spectra  based on Regions 

The discussion so far regarding the KCl spectra is focused on energy calibration 

and defining regions. The objective in preparing the data is to create a 

quantification report capable of expressing the essential characteristic of the XPS 

data. Samples are compared based on these quantification tables. 

Quantification of narrow scan spectra is performed using the Report Spec 

property page on the Quantification Parameters dialog window. 

 

The buttons on the Report Spec property page act on the data selected in the 

right-hand pane of the experiment frame. The key to successfully quantifying 
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narrow scan spectra is ensuring the VAMAS blocks containing the data from the 

same experiment appear in the same row in the right-hand pane. 

 

VAMAS files generated from modern instrumentation typically appear with the 

correct VAMAS field assignments to ensure the data are aligned as required in the 

right-hand pane. In the event the data blocks do not appear in the same row, 

options in CasaXPS permit the re-organisation of the VAMAS blocks. Organising 

the VAMAS blocks in the right-hand pane involves assigning the same 

experimental variable to each VAMAS block involved in the quantification and, by 

adjusting the species/transition fields for each spectrum the blocks are arranged 

in the right-hand pane in separate columns. Several options are available to aid 

the organisation of the VAMAS blocks in the right-hand pane. These will be 

addressed in a separate section of the manual. 

A typical quantification table is generated using the Standard Report options on 

the Report Spec property page. 

 

To generate a standard report from a set of narrow scan spectra: 

1. Define regions for each peak used in the quantification of the sample. 

2. Select the VAMAS blocks in the right-hand pane. 



CasaXPS Manual 2.3.15 rev 1.3  Copyright©2009 Casa Software Ltd 

49 
 

 

3. Invoke the Quantification Parameters dialog window and select the Report 

Spec property page. 

 

4. Press the Regions button in the Standard Report section. 

Version 2.3.15 of CasaXPS includes a new option for choosing from a range of 

configuration files defining the format for the standard report. If a directory 

named QuantTables exists in the CasaXPS.DEF directory, a list of files from that 

directory is offered in a dialog window. 

 

If the QuantTables directory does not exist, the previous RegionQuantTable.txt 

file located in the CasaXPS.DEF directory is used to format the text report. 

 

A configuration file specified by either method is used only when the Use Config 

File tick-box is ticked. 



CasaXPS Manual 2.3.15 rev 1.3  Copyright©2009 Casa Software Ltd 

50 
 

 

The consequence of selecting the Regions button from the Standard Report 

section is a new window appears showing the quantification table within 

CasaXPS. 

 

The data displayed in the quantification report may be printed as text:

 

 

Or the text report placed on the clipboard:  

 

Creating a Peak Model 

Quantification is also possible based on intensities measured using synthetic peak 

shapes. Examples of peak models have already been used to illustrate points 

relating to quantification regions, but a discussion relating to the creation of these 

peak models was deferred until now. 



CasaXPS Manual 2.3.15 rev 1.3  Copyright©2009 Casa Software Ltd 

51 
 

To begin with, the case of doublet peaks serves to illustrate how information 

about peaks can be used to construct a peak model. Consider a narrow scan 

spectrum measured over a doublet pair from the Cr 2p transition. 

 

Doublet peaks represent a transition from the initial state for an atom to a final 

state, where the final state is split by spin-orbit interactions due to the unpaired 

electron in the p sub-shell. The combination of angular moment for the electrons 

in the final state produces two excitation paths to near identical states in the 

proportion 2:1 for the emission of an electron with p symmetry. To be explicit, 

states with total angular moment 1/2 are half as common as states with total 

angular moment 3/2. Further, the energy difference caused by the spin-orbit 

interaction is characteristic of a chemical state for the chromium. Doublet peaks 

can therefore be modelled using parametric constraints for both peak area and 

relative position. Chromium also illustrates a feature of metallic XPS peaks, 

namely the peaks exhibit pronounced asymmetry. 

To construct a peak model, the first step is to create a background on top of 

which the synthetic component peaks are located. 
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For the particular data in this example a Shirley background type is used to span 

both peaks in the Cr 2p doublet pair. An Av Width set to two helps to stabilise the 

background shape with respect to noise in the data. Just as with quantification 

based on regions alone, a well defined background significantly improves the 

precision for the calculation of peak intensities measured with synthetic peaks. 

The Components property page on the Quantification Parameters dialog window 

provides tools for creating component peaks. 

 

The VAMAS block in the example is assigned the correct species/transition fields 

for the doublet pair, namely, Cr and 2p respectively. Since these 

species/transition strings match an entry in the current element library for the 

transition Cr 2p, pressing the Create button twice on the Components property 
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page causes two Gaussian-Lorentzian peaks to be added on the display with the 

appropriate RSF and lineshape as defined by the element library. The 

Components property page displays each component as a column of parameters 

specifying the position, peak area and FWHM. 

 

These three parameters are optimised by pressing the Fit Components button.  

 

The key to obtaining a good peak model is restricting these optimised parameters 

to ensure the least squares criterion returns a physically meaningful solution. For 

a 2p doublet-pair, a physically meaningful solution involves ensuring the ratio of 

the peak areas is 2:1. Parameter constraints are initially specified in the form of 

an interval: 

 

Alternatively the constraints can be specified as a relationship between the 

corresponding parameter in a different component. Each component appears on 

the Components property page as a column and each column is headed by a 

button labelled alphabetically. 

 

Maintaining the area relationship for the Cr 2p doublet involves entering an area 

constraint using the alphabetical character above the column of component 
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parameters. To ensure the peak area for the component in column B is half the 

peak area of the component in column A, the Area Constr. field in column A is 

changed to B * 2. 

 

Similarly, if the offset in energy between the doublet peaks is known, the position 

constraint can be used to enforce the correct energy separation of the peaks. 

 

The most important input to a peak model is the lineshape. The Cr 2p exhibits 

asymmetry in the peak shapes thus a Gaussian-Lorentzian lineshape will struggle 

to model the data envelope. Introducing an asymmetric lineshape provides a 

means of modelling the data more precisely, however in doing so introduces an 

uncertainty into the peak intensity calculation. These issues are dealt with in 

detail elsewhere (Walton et al ISBN 978-0954953317). It is important to 

understand that for any functional form which integrates to infinite, the peak 

intensity is dependent on the parameters used to specify the lineshape and 

therefore most asymmetric lineshape when used to measure intensities require 

calibration. 
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Gaussian-Lorentzian lineshapes do integrate to finite area, hence the practice of 

modelling data using blends of these two functional forms. Nevertheless, for 

peaks such as the Cr 2p doublet, modelling a pair of peaks using Gaussian-

Lorentzian lineshapes produces a far from satisfactory approximation to the data 

envelope. To accommodate asymmetric peak shapes whilst retaining a functional 

form with finite area, two Lorentzian based lineshapes introduced in version 

2.3.14 and extended in version 2.3.15 of CasaXPS offer a means of modelling 

peaks such as the Cr 2p lines. The LA and LF lineshapes are described in detail 

elsewhere, but essentially use a Cauchy functional form raised to a power and 

convoluted with a Gaussian. Asymmetry is introduced by varying the value for the 

power across the maximum of the Cauchy function. The LF lineshape extends the 

LA lineshape by introducing a damping parameter which limits the extent over 

which the asymmetry extends, but in every other respect the two lineshapes are 

the same. 

The Lorentzian lineshape with FWHM f and position (in kinetic energy) e is given 

by 

 

The basis for both the LA and LF lineshapes is 

 

The lineshape parameter entered on the Components property page for the 

ŀǎȅƳƳŜǘǊƛŎ [ƻǊŜƴǘȊƛŀƴ ƛǎ [!όʰΣ ʲΣ m), where m is an integer between 0 and 499 

defining the width of the Gaussian used to convolute the LA functional form. 

[CόʰΣ ʲΣ w, m) is identical to the LA lineshape with the exception that the specified 

ǾŀƭǳŜǎ ƻŦ ʰ ŀƴŘ ʲ ŀǊŜ ŦƻǊŎŜ ǘƻ ƛƴŎǊŜŀǎŜ ǘƻ ŀ Ŏƻƴǎǘŀƴǘ ǾŀƭǳŜ via a smooth function 

determined by the width parameter w. 
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Note that for a model based on the LF lineshape, the relative intensities for the Cr 

2p doublet pair are achieved without constraints. There is an element of luck in 

achieving the expected ratio for the peaks in a doublet pair. The principal reason 

being the uncertainty associated with the background type used to approximate 

the scattered electrons. It is difficult to claim any practical background type 

generates the correct background and since the background also has an influence 

on the lineshapes the apparent agreement with the theoretical ratio is somewhat 

fortuitous. Scofield cross-sections calculated for the Cr 2p doublet peaks for 

photons of energy 1486.6 eV suggest the ratio should be 1.93:1. Since the 

doublets represent electronic states with slightly different energy, and therefore 

different eigen-value and wave function, the calculated intensity ratio may well 

differ from the 2:1 ratio determined by simply counting total angular momentum 

states using the expression 2j+1. 

The Cr 2p spectrum represents a relatively simple example of a peak model. The 

data suggests two asymmetric peaks are required, although there are no 

guarantees more peaks are not involved in the construction of the data, but the 

very least that can be said is that the data envelope alone does not support the 

use of more than two peaks in the peak model. In is however reasonably common 

to find complex data envelopes for which peak models are constructed. A 

spectrum for CeO2 is interpreted using five doublet pairs for the Ce 3d transition. 
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±Φ aŀǘƻƭƝƴΣ aΦ /ŀōŀƭŀΣ ±Φ /ƘłōΣ LΦ aŀǘƻƭƝƴƻǾłΣ YΦ /Φ tǊƛƴŎŜΣ aΦ ~ƪƻŘŀΣ CΦ ~ǳǘŀǊŀΣ ¢Φ 

Skála and K. Veltruská, A resonant photoelectron spectroscopy study of Sn(Ox) 

doped CeO2 catalysts, Surf. Interface Anal. 40 (2008) 225ς230. 

 

The constraints used to interpret the Ce 3d spectrum are listed using the 

Components property page of the Annotation dialog window.  

 

Doublet peaks resulting from the emission of a d-orbital appear with intensities in 

the ratio 2(3/2)+1:2(5/2)+1 or 2:3. Without these constraints, a peak model for 

data such as these would fail to obtain a physically meaningful description based 

on ten synthetic peaks optimised in a least squares sense. Even with constraints 

applied to the fitting parameters, without corroboration from other sources, a 

peak model based solely on data such as these can lead to problems. The model 

developed for CeO2 based on one spectrum when applied to data acquired from a 

different sample from a different instrument tests the generality of the model: 
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Successfully constructing a peak model relies on iteratively building peaks with 

constraints until a stable model satisfies the data envelope and the physical 

context for the data. A good place to start is in the literature. A series of 

publications provide background to the use of doublet pairs in the CeO2 model: 

V. Matolín et al. Surface and Interface Analysis. 40 (2008) 225ς230. 

J.P. Holgado et al. Applied Surface Science 161 (2000) 301ς315 

L. Cossarutto et al. Applied Surface Science 126 (1998) 352ς355 

Yu.A. Teterin et al. Journal of Electron Spectroscopy and Related Phenomena 88-91 (1998) 275-

279 

M. Romeo et al. Surface and Interface Analysis,. 20, (1993) 508-512  

The first step requires the specification of the background to the peaks. The 

survey spectrum for the CeO2 sample illustrates clearly the problems associated 

with the background selection. 

 

The step in the background is complicated by the multiple peaks associated with 

the Ce 3d transition. A Shirley background is often the choice made in the 

literature, however for peak envelopes such as Ce 3d, the multiple overlapping 
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peaks means that the definition of a Shirley background is not unique. The Shirley 

algorithm is only truly defined for a single peak. When more than one peak 

contributes to the data shape the number of ways the Shirley algorithm can be 

interpreted is large. CasaXPS actually includes several variations on a theme for 

calculating a Shirley background. Since the Shirley background has no inherent 

theoretical basis and the implementation is uncertain, for the current example a 

simple linear background applied to three regions provides an understandable 

and repeatable means of removing a background contribution from the data. 

 

The first peak created using the Components property page is placed on the data 

at a position to reduce the largest variation in the data. If the Components 

property page is top-most on the Quantification Parameters dialog window, the 

newly created peak can be moved to a new position under mouse control. Place 

the cursor at the peak maximum and drag the cursor to a new position. 

Point at the peak max: 
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Drag the cursor by holding down the left-mouse button: 

 

The peak position changes to the new position once the left-mouse button is 

released: 

 

Both the peak position and peak height are adjusted by placing the cursor at the 

top of the synthetic peak. Similarly, placing the cursor at the side of the peak, 

about half way down, causes the FWHM and height to adjust under mouse 

control. If the Shift keyboard key is also held down during the drag action, only 

the FWHM changes. Note that if the FWHM changes without the height also 

adjusting, the peak area will alter from the initial value. Without the Shift key 
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modification to the drag action, the FWHM and height adjust to ensure the peak 

area is maintained unchanged. 

Place the cursor at the side of the peak and hold down the left-mouse button: 

 

Drag the cursor to a new position. The height and FWHM adjust. 

 

Release the left mouse button to update the FWHM and area parameters for the 

component: 
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If the Shift keyboard key is held 
down during the drag operation, 
the height of the peak is unaltered 
by the drag action. Starting with the 
cursor at the side of the synthetic 
peak, hold down the Shift key and 
begin dragging the cursor to a new 
position using the left mouse 
button: 

 
 

Doublet pairs resulting from electrons with d angular momentum are typically 

separated by characteristic energy differences. The structure for the Ce 3d 

envelope becomes clearer on observing the consistency of spacing for the four 

most prominent peaks. A feedback box appears when the cursor is dragged across 

the active tile. The values displayed during the drag process represent the 

position of the cursor in terms of energy and intensity, and the displacement for 

the cursor from the initial position of the cursor when the drag operation began. 

While these two doublet pairs for Ce 3d arise from different chemical states for 

cerium, the energy difference between the peaks for a given doublet pair should 

not deviate significantly. 
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The pairing above guides the placement of the next peak created for the model. 

 

At this point in the construction of the peak model, the relationships between the 

peaks for a 3d doublet, when introduced in a rough manner, can help to add 

further doublet pairs to the data. The 2j+1 relationship for the relative peak 

intensities between peaks in a doublet pair suggests an area constraint in the 

proportion 3:2 is appropriate for the 3d5/2 and 3d3/2 components. Similarly, the 

current separation calculated from these initial positions for the two peaks 

provides a guide for peak separations for other pairs of doublet peaks. A position 

constraint computed from the current peak positions is introduced by entering 

the alphabetic character heading one component on the Components property 

page into the position constraint field for another component followed by 

pressing the enter key. 


