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NO WARRANTY

Casa Software Ltd. does its best to ensure the accuracy and reliability of the Sofineare
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 Docutientaill

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 errorsaCasftware 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, SINP A RSR a! { L{¢ sAlK2dz0 &I
Software Ltd. further disclaims all implied warranties including without limitation any implied
warranties of merchantability or fitness for a particular purpose. CasaxXPS should not be relied
on for solking 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 Softwarbd_tdble 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 matdriaven 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 zi

Copyright©2009 Casa Software Ltd

p file includes the

executable program file and also configuration files essential for the correct

functioning of the program.

File  Edit Favorites  Tools  Help

eBack - \_) lﬁ /..__\J Seatch = Falders v

Wiew

X

'3
i

=]

Address |12 C\Documents and SettingsiMealiMy DocumentsiwarkingDir|PreReleass? 315\ CasaiPs

W

GD

File and Folder Tasks

CasaxP5.BAT CasasPs, CoL

Iim Renarme khis folder
[y Mave this Folder
) Copy this Falder

@ Publish this folder ko
the Wieh

ld Share this Folder
) E-mail this Folder's files

CasaxPs HLP

CasaiPs.DEF

CasarPs.exe
CasarPa MFC Application
Zasa Software Led

CasavPs.PTF

¢ Delete this Folder casaxPs.lib CasarPa_mass.lib
LIE File LIE File
420 KB 49 KB

Other Places

CasaxP3_quant.lib
LIE File
1KE

casaxP3_scofield.lib
LIE File
225 KB

| PreRelease2315
(£} My Documents
| Shared Documents
g My Computer

The CasaXPS.exe file must reside in the directory witltahéiguration files. To
place an icon for CasaXPS on the Desktop, a shortcut should be cieetgdhe

shortcut onto the Desktop.

Licensing CasaxXPS
The license information for CasaXPS appears at the top of the End User License
Agreement (EULATwo stings from the EULA mubt copied and pasted exactly

as given into the About Dialog of CasaXPS before pressing
pushbutton.

)

Windows
Media Plaver

o

CasaxPs

—

!H‘Eu
==

=

Microsoft
Cffice W,

the Update License
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About CasaXP5

CazaPS Version 2.3.15
)lﬂa Copyright [C] 1999-2009 Caza Software Ltd

For License Contact: neal{@cazasps. com

Usger Mame: |

License: |

Update License

Once the license information is accepted, the title bar of the CasaXPS main
window displays the Usernam&ring. Without a license, CasaXPS functions in
demo mode only.

CasaXP5 Licensed to:A1 CASA - [test_pacl 161007, vms]
Fil= Wiew ‘Window Options Select Help

D[ | o I B B B B | | B | | 2

Opening a VAMAS file
The native file format used by CasaxXPS 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.

CasaXPSs Licensed to:A1 CASA - [test_nacl 161007.vms]
FIEN Wiew Window  Options  Select  Help

C Tt Chrl4M | ‘ | ‘ |

Opern...

O Convett.., IR PR E

—  Close

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

Open YAMAS file

Laok in: |lf} StandardSpechia ﬂ £ -

Test_CaCO3_181007.vms
test_in_reference_151105.vms
Test_KZHPO4_181007 vms
Test_KCI_161007 {1).wms

B Test Macl 161007.vms
Test_MaHCOE_161007, vms

Filename:  [Test_NaCl 161007 vms
Filers: af type: |Vamas Files [* wmz) j LCancel
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The selected file opens in an experiment frame.

CasaXPs Licensed to:A1 CASA - [test_nacl_161007.vms] £
File View Window Options Select Help HEET

0| | | o Pl | | B | | | 6| 98B | 0| - # || ||| ] ] S22

O@awE plcld slale|nalv || a| omeE e st ) o] v
# | | Angle Wide: C2p

Angle 1 degree  Acouired On: 2007710/16 14:50:37
Source: Mono{Al (ono)) (180 W) Pass Energy: 80 WF. 4411
Total Accuisition Tirae 10.007 {mins) (428 8 (ms) x 1 x 1401)

45 ] 3
=

10_M
5

. T . . T . T T . T T ; ;
1200 900 600 300 o]
Binding Energy (eV)

Displaying Spectra

A VAMAS file may contain one or more spectra. The spectra are held in data
blocks within the VAMASIile and these data blocks or VAMAS blocks are
displayed in the righhand pane of the experiment frame.

CasaXPS Licensed to:A1 CASA - [test_nacl_161007.vms]

E\\e Wiew window Options Select Help L |:|"
0| o | B | | i | || G G | )| | ome] £ || ] ] 6B 6] SB[ 2
w0 = 1 e e T e W EA R BN N A N - e L= s = e e e e o T S
B (I i
1
Angle 1 deguee Aeguired Om; 200741016 14:5037 I
3 Ilonotial (1 130 Pass Energy: 80 WF.-4.411
Tﬂugi\cqﬁm%uﬁ)u) o7 (rrv:)ns) (4085 ) x 3 1401) |VAMAS blocks |
45 1 =
=
40
35
% 304
- -
5 25, Right-Hand
5 Pane
20
w
15 2
[e]
10] &
o et 13
T T T T T T T T T T T T el
1200 900 600 300 1]
Binding Energy (eV) 5

Displaying spec#rinvolves selecting one or more VAMAS blocks in the-tightd
pane before pressing the display toolbar button.
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CasaXP5 Licensed to:A1 CASA - [test_nacl_161007.vms]

o JDispiay Toolbar BUMOnk e | 1. .|/ [-| = sis| & s/ -1 1

SELE: II\\II\II\II\II\II\JJv&IwHIMI\J

|W|deN ‘ Mals
2 Ma 1s/3

Angle
1

Binding Energy (eV)

The left hand muse button is used to select a VAMAS block in the iginid

pane. A single click of the mouse selects the VAMAS block beneath the cursor,
while doubleclicking the mouse caused the VAMAS block beneath the cursor to
be selected in the righhand pane analso 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 righhand pane before pressing the overlay toolbar button.

= = *“Idverlay Toolbar Button|
|
1 1 L L L 1 1 1 1 1 1=, 1 | ‘ ‘ | | | BL‘QI.|E|.| | |“?|
PSP e e B T P A
— Etch Time Cr2p Fe 2p Cuzp Al 2s Ar 2p 015 (A

-0.6 Cr2pl Fezp4s | Cu2pBd | Al25133 |Arap 177 | 015221 | C
Fe 2p 50 -0.3 Cr2p2 | Fe2p4e | Cuzp00 [ Al25134 |Arzpl7e | 015222 | C
18 r 2p 3 Fezpd4? | CuZpBl | Al2s135 |Ar2p 179 | O 15223 | C
24 Fe2p51 e Crip4 | Fe2p48 | Cuzpoz | Al2s136 | Arzp 180 | O 1s224 | C
54 Cr2p S pe fomibiby 11 270 93 | Al 25 137 | Ar2p 181 | O 15225 | C
Fe 2p 53 72 Crepé | [ CuZp 94 | Al25138 | ArZp 82 | 015226 | C
90 ra2p7 El Cuzp95 | Al25139 | Ar 83 | 015227 | C

2 Fe2p 64 2 D D
7 ezp 108 Crepd CuZp 06 | Al2s140 | Ar2p 184 | 015228 | C
126 CrZp 9 CuZp8F | AlZs14l [ ArZplas  Olsz229 | C
20 144 r 2p 10, Cu2p88 | AlZ2s5142 [ Ar2pl86 015230 | C
— 162 Zr Zp 11 CuZp89 | AlZs143 (ArZpl187  O1s231 | C
“PCI 180 Cr2p 12 CU2p ... Al2s144 |Arzplda | 015232 | C
— 13 198 Zr2p 13 CUZp ... Al2s145 | Ar2p 189 | 015233 | C
= _| 216 r Zp 14 Fe - - -
o 22 s [ eMultiple Selection of |=
o 252 Crzple | Fe Z
© 16 20 aui [=IVAMAS Blocks Zl
r2p Fe -
306 ir 2p 19 FeZpad | CuZp., Al 25151 | Ar2p 195 | © 15239 | C
324 Cr2p 20 Fezpid | Cu p..‘ Al25152 | Ar2p 196 | 015240 | C
14— 34z Zr2p 21 FezpoSs | CuZp... Al25153 | Ar2p 197 | O 15241 [
360 ir 2p 22 FeZpaa | CuZp... Al 25154 | ArZp 198 | O 15242 | C
37a Cr2p 23 Fezp6? | CuZp... Al25155 | Ar2p 199 | 015243 | C
12 396 Cropz4 | Feephd | Cuzp... | Al2s 156 | ArzZp 200 | O 15244 | C
414 r2p 25 Fezpad | CuZp... Al2s 157 | Ar2p 20l | O 15245 | C
432 Cr 2p 26 Fezp70 | CuZp... Al25158 | Ar2p 202 | 015246 | C
10 450 ir 2p 27 Fezp71 | CuZp... Al 25159 | ArZ2p 203 | O 1s247 | C
b 465 Cr 2p 28 Fezp72 | Cuzp... Al2s160 | Arzp20d | O 15248 | C
486 rzp29 Fe2p73 | CuZp... AlZ2s1el |Ar2p205 | 015249 | C
504 iZr 2p 30 Fezp74 | CuZp... AlZs 162 | ArZp 206 | O 15250 | C
L e e e e e e s e e e e 522 Cropsl | Feep7s |CuZp.. | Al2s163 |Arepz07 | O1sesl | C
724 720 716 712 708 704 540 Zr 2p 32 Fezp7o | CuZp... Al2s164 | Ar2p 208 | O1s252 | C

. . 555 r 2p 33 Fe2p77 | CuZp... AlZs 165 [Arzpa0d | O1s283 | C o

Binding Energy (eV) 2l BT R = G
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Multiple selections of VAMAS blocks aehieved using a combination of mouse
actions coupled with the use of the Shift and Control keyboard keys.

. rZpTZ | Fedphh [LuZp .. | W25 19 [ A
To select a contiguous set of VAM/  [azilrariae, T4zl
. [ 5 F 59 | O il 47 | A
blocks: Capie [ Fespeo [cuze T Aosisa |4
Crepi7 Fezpbl |Cuzp... Al 25149 | 4
Cr2p 18 Fezp 62 | Culp... Al 25150 | A
) . Crepl9 | Fezp b3 | Culp... Al2s 151 | &
Select the first VAMAS blockan R L PR
range.
Crople D ERonor | Cuzp... | Al2s144
Cr 2 H Al 75 145
Crzp iFlrSt | Al 25 146
Hold the Shift key down and select &2 s Mz lar
Cr 2p 17 Fe 2p 61 Al 25 149
the last VAMAS block the range. Crzp i Eaznay 2 150
Cr 2 al 25 151
Cr Zp iLaSt Al 25 152
CrZpzl | TEop bo JZp.., | AlZs 153
180 Cr2p 12 Fe 2p 56 Al2s 144 | Ar2p 188 | ©15232 | C
193 CrZp 13 Fe Z2p 57 Al2s145 | ArZp 159 | 015233 | C
To add VAMAS blocks to a selectic = a1 | e a5 iz 197 ooy 1ot |0 Tso | ¢
252 Cr Zp 16 Fe Zp 60 Al2s 148 | ArZp 192 | O 15236 | C
270 Cr2p 17 Fe 2p Al Al2s149 | Ar2p193 | 015237 | C
285 CrZp 15 Fe Zp 62 Al2s150 | ArZp 194 | 015233 | C
306 Cr2p 19 Fe 2p 63 Al2s151 | Ar2p195 | 015239 | C
Hold the Control key down and = T Al i ol
. . 360 Cr2p 22 Fe 2p A& Al 2s Ar2pl19g | O1s5242 | C
select a VAMAS block in the right | = HESC] fropiss ols2ts | C
¥ 2p 24 :e D A5 .? ° Ar 2p 200 | O 15 244 _E
hand pane F - 1 T
485 c: E & =§ ;72 al n: E 04 | O lszd48 | C

Measuring Peak Intensities
Quantification is performed on the Quantification Parameters dialog window.

CasaXPS Licensed to:A1 CASA - [test_nacl_161007.vms] (=113
E\Ie Wiews Window Options  Select  Help =
0] | | | e | | | | | | [0 @)

o/ || m|E(E B # SR
] [aif=] e N e S K R N PN A N A s = =z A R ]
e —— e -
— [ Natsizs | Olsj4 | Cisjs | dzpi7 |

ol
+

2 e
45 <  teme Pos. FWHM A A% Quan T BIEL@I
E Cl2p 196.0 31402 6283001 28.39
Ols 533.0 30501 3570.076 1744 | Fegions IFomponenlsl Data Editol} Repart Spec.} RPT F\eportl
40 Cls 282.0 33759 1418358 20.54
Mals 1063.0 22752 14075984 33.63 |W’ide/2 I™ Calc Max
35 Regions A B C ~
Mame ClZp O1s Cls N.
RSF 0.851 78 0.278 1
Start 202212 || 533118 291.414 10,
End 189641 || 524538 || 278.749 10
BG Type Lingar Linear Lingar Lit
Ao Width 1 1
St Dffset 0 0
End Dffset 1] a
CrossSe.. | 293 64 ]| 293 54 235 54 293 5
Tag Cl2p 01z Cls N.
Area 6283.1 33791 14184 T4l
Std Dev .. a 0
fwhm 314ma || 3.05011 337693 22
Paosition 196 533 282 1
% Conce... [ 28.39 17.44 20.54 =
Max Height | 5780.1 4765.4 11958 36
Min Height [ -35.0 1237 -44.3 1188
[Ijem———— | >
Ceale | ColouleleEuorBars | Dekle |
Create From Labels | Save Regions ... ‘ Copy and Paste |

Intensity Calibration
‘ I ‘ ' I ' ' W automatic  [.02 Updat Copy Nomes
500 600 300 0 poate || o en | mer

Binding Energy (eV)
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Each

Copyright©2009 Casa Software Ltd

peak used tmeasure the composition of a sample requires a quantification

region. The quantification region defines:

1.
2.
3.

7.
8.

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

The relative sensitivity factqRSH-for scaling the raw peak area.

The start and end energy limits overhich the peak intensity is to be
measured.

A background type specifying the algorithm for calculating a background
curveon top of which the photoelectric peak sits.

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

determine the intensityof the background at the two energy limits
specified by the start and end fields.

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

reduction in the computed background intensity at these limits.
Additional parameters available for usdth a subset of background types.
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.

™ Ratio Uncarected Height

CasaXPS Licensed to:A1 CASA - [test_nacl_161007.vms] 1=11E9
Eile Wiew Window Options  Select  Help - a %
0| o5 | | B | | | | | | | | | 0 | | =] # || (2[5 B | @ 2]

Cf@|a(B B ] 2lelolnlalv] & [7m] o 5
“ pooe S L da |
1 BEN | naisfs | oOls4 | Clsjs | Clzpi?
45 2 Mame Pos.  FWHM Area A%
S | iz 1960 31402 6333001 2339 \

0 O1s 5330 30501  3379.076 17.44 )
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models are created using a quiigation region to define the background

and synthetic lineshapes defined usirige Components property page on the
Quantification Parameters dialog window.
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Components are synthetic lineshapidsfined in terms of:

w

© N OB

. Component name e.g. O 1s 2.
. A relative sensitivity factaiRSkused to scale the raw peak area.

A lineshape specifying the functional form for the component e.g. GL(30) or
SGL(20).

The raw area of the component peak.

A constraint for the raw area of the component peak.

Full width athalf maximum FWHM for the component peak.

A constraint for the FWHM.

The position of the component peak.

. A constraint for the component position.

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

purposes.

11.A component index used to growomponentsfor operations and display

The component parameters are displayesler the data asa table using the
Components property page on the Annotation dialog window.
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Quantification results based on quantification regions and components are

generatal for export using the Report Spec property page on the Quantification
Parameters dialog window.
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Quantification reports generated from the Report Spec property page are based
on the selection in the righbhand pane of the experiment frame. The text based
report generated by selecting enor more VAMAS blockand pressing the
Regions button, for examplés 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 prgram 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 deterrdifimm survey spectra.

A survey spectrum measurgde count rate ovel widerange of energies using a
relatively low energy resolution with high sensitivity. In most cases the survey
spectrum prowules the basis on which more detailed high resolution narrow scan
spectra are acquired.
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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 transitiof 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 alstee 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.
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Element markers can be placed on the display via the &itémable property
page or the Periodic Table property page of the Element Library dialog window.
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The element library is an ASCIl file located in the same directory as the
CasaXPS.exe executable file named CasaXPS.lib. If no ampesr 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 commn 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 CasaxXPS program file ambve 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 mgle. It isboth comforting and informativeo

adjust the peak positions tthe expected energies for the transitiorssigned 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 photdectric transitions maintained within a single VAMAS
block. The energy shiftletermined for the correction based oone peak
necessarily corrects all the peaks in the VAMAS block. For the current example
data, identifying the carbon 1s transitipassumingthe peak is predominantly
contamination and therefore expected to appear with binding energy of 285 eV,
allows the a calibration to be performe8&pecification ofwo energies indicating

the measured binding energy for the C 1s peak and the true bindmeygyg
assumed to be 285 eV is sufficient to determine the shift in energy required to
position the measured peaks in binding energy. Calibratiba single VAMAS
block displayed in the active tile performed by pressing the Apply button on the
Calibraton property page.

The peak position in the data before calibration eatered in the Energy
Calibration sectionof the Calibration property pageeither manually or
alternativelyusing the cursor and mouse.

Energy Calibration

Meazured |D

True |D
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The Measured field igpdated each time theursor is located over the lefhand
pane of the experiment frame and the left mouse button is clicked.
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To complete the calibration, a value is entered into the True-tiexd before
pressing the Apply button on the Calibration property pafje.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 onhe 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 paratars on the Calibration property page and
applies the same shift to all VAMAS blocks selected in the-nighd 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 resotutinarrow 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 ustal calculate peak
intensities Quantification regiongor survey spectrare 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 VAMA&D
cannot includeknowledge regarding peak arigin. High resolution spee, in
contrast, are acquired undercircumstances where species and transition
information are available, either due to prior acquisition of a survey spectrum or
sample knowledgeThe 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 belement markers are displayed over the survey spectrum, regions
can be created based on the element markers where a region is créateadch
element indicated. Byressing the Create Regions button on either the Element
Table or the Periodic Table preqy 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, thergest RSF determines which peak is used
to quantify an element.
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The current example is potassium chloride (KCI). Four quantification regions
created based on element markers for oxygen, carbon, chlorine and potassium
are added to the VAMAS block foretlsurvey spectra and an annotation table
equivalent toa table created bythe Regions property page of the Annotation
dialog window is added too.

CasaXP$ Licensed to:A1 CASA - [CasaXP4]

File view Options  Select  Help NEES
0| =| |0 R | i B | | | 2 @] | o 7 [ o] ]| ] 5| a2
w1 e e A KA R B PN AN 2 el 0 = e 0 e e
T
p: - (%P
10| KLL KLL 1s 2s|IC 1s Cl 2p- Regions | Components | Dista Editor | Fepart Spec. | RPT Repat | 120i7
MPos. FWHM Area At% o 12 fWide/2 I~ Cale Max
1s Lo 22041 1020679 2844 9 gP- 12p
O1s 5312 27555 861105 848 P HLECIon e
Cl2p| 1982 28589 3560810 3076 home ¥ x|
8] 2p| 2932 20823 6169.925 3232 Start P
End 78
BG Typ <t
Ay Width
5. Oifset
End Oifset
hrd Cioss 5 .54 799, 2395
2 6] Tag Tis TiZp E
' &iea 0257 | 8611 | 30638 &l
» 5D, 0 0 0
o fnhm 272471 | 2796 | Z@ea | 21
o b Posiion | 285,008 | 691208 | 188008 | 08
q %Conce.. | 2840 | BB | 305 5. "
E Max Height| 16235 1585.4 3749.0 72 j
4] Min Height 20 227 207 1w
< >
Cieste | CdodseEnorBars | Delte |
Creats Fiom Labels | Save Reions . | Copy and Paste |
2] Intensity Calibration
Copy ames|
¥ Automati
L\J semate o e e e
| L Y T
: T - - T - : T - : | T
1200 900 600 300 0
Binding Energy (eV)
v

The regions are created using tmame andRSFs 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 appmpriate. 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 backgmuitype.

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. Recreate the regions using tredement library and the current set of
element markers.
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The same two steps will permittger 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 theheftd pane provide

for reducing the intensity and energy display limitsing zoom boxes defined via
draggingthe 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.
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To return to the previous zoom state, the Zoom @utton 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 actionsre$et 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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While the region limits can be examined via a sequence of zooming in followed by
zooming outthen zooming in again, a mechanisemployingthe zoom reset
facilitates the inspection of the regions by placing a set of zoom states onto the
zoom list based orhe 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 bgressing 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 toollautton. 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 Kilata are as follows:
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Following a complete cycle through the regions defined on the daplayedin

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 ar 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 dhe data available to CasaXRfewever 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 aamiification 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 firstneating the
region report using the Annotation dialog window with thiek-box enabled on

the Region property page with the label Include At%&t. 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 calculatemmiplete, the

%St Dev column values for the atomic concentrations are added to the
guantification report displayed over the data in the Kafind pane.
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Adjusting the regions annotation involves deleting any annotation table already

displayed over the dat The Annotation History property page provides the
means of deleting and adjusting annotation defined on a VAMAS block.
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Factors influencing the quality of the XPS information are appropR&Es 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

repeatabk, but not necessarilproducingthe 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 preci®n better
accuracy:

Noisy data with poorly
defined background
limits but well defined
RSFs.

Type B

Good precision poor
accuracy:

Good signato-noise
but inaccurate RSFs

The first objective for most analyses therefore to achieve repeatabilityor
identical samples. Acquisition times are typically selected to achieve good
precision, however photaonisation crossections for some materials or sample
damage due to exposure torays force less than idea signal to noise ratios in
practice. It istherefore important to optimise the precision possible for a given
set of data and to this end the averagadth region parameter can enhancéhe
precisionachieved.

The Av Width region parameter provides a means of improving the stability of the
backgrouml 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 dd@nnel specifies the
intensity of the background at either extreme of the region interval, the

background calculation may produce significant diffexes simply due to the
choice forthese region limits.

297 294 291 288 285 297 294 291 288 285

Binding Energy (V) Binding Energy (eV)
ssssssssss

An Av Width of zero results in a single dataroie defining the intensity for the
background at either end of the regioA.linear background for these data moves
from a negative gradient to a positive gradidrased on simply shifting the region
energy limits by one data channel. Since the peak sitgns 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
unnecessargrror.

A remedy is to introduce a nerero 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
badkground intensity at thse limits to be calculated from sevesiata 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, makinga total of seven data channels.

BG Type

Ay width [T
St Offzet 0
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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 datdefore 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 thev Wdth parameter ispreferable 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 polynmial to the data channel intensities in a least squares sense.

The default method used to calculate the background intensites be
configured at stadup, or switched using the Av Width field on the Regions
property page of the Quantification Parametaimlog 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 sigiahtly improve the
precision for computed¢oncentration values.
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For the above exani@, the Av Width method calculates the background intensity
by fitting a polynomial to the rangef data channels. The colour fdhe
background to the Av Width field indicates which algorithm is employed. A plain
background to the Av Width field indicatdse mean average algorithis 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 investigttie chemical state for the
elements at the surface. Reducitige pass energy improves the energy resiolo

but reduces the count ratehence the need tomeasurethe intensities over
reduced energy intervalsThe KCI data file includassurvey 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 2mansition. The same energy region from the
survey spectrum fails to produce the clarity for the two chlorine peaks.
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These two ways of visualising the data are achieved using tile display options
based on regular arrays of display tiles in the first Gas#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.
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A set of property pages offer predefinedrays 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 TlilesArranged inradio
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 stilgle
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Inset Tiles

The alternative to a regular arrangement of tiles is to use theetinge
mechanism. The most commase for inset tiles is highlighting one or more
intervals of interest in a survey spectrum.

32



CasaXPS Manual 2.3.15rev 1.3

Copyright©2009 Casa Software Ltd

CasaXPS5 Licensed to:A1 CASA - [k2pcis.vms]

Fil= Wiew MWindow Options Select Help

EOX

Binding Energy (V)

.8 x
0| oo | e i | | | G | B | | 0 @ 3| oo 7 || || ] 6| SB[ 2
== ] R R e = KA R N PN N A Gl B = =1 e A T |
Exp Yariable | Wide M. .. Cls |
1 C 1sf19
Exp Variable 1 4 Accuired On: 2007/ 8120 12:53:46 1 Surveyf2
Sonree: ono{a] (Wono)y (225 W) Pass Erergy: 160 WF.:-304
Total Aeguisition Tirae 3703 (pains) (2000 (ms) x 1 x 11113
50_5 .51 Survey/2 16 Survey'2
] 403 14| Cis
45 N 353 "?D
] T30 =124
404 £ 253 o 10
] $ 207 o
7, 35 153 © 8] K2p3i
< 30] 10 6
n 53
& 25 O oy “
] 80 60 40 20 0 A L L) W L
201 305 295 285 275
k Binding Energy (eV)
15,2 Cis
104 2p|312
5
T j j [ T j T T j T 7 i |
1000 800 600 400 200 0

An inset tile is created by using the mousealtag 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.
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Data displayed in an inset tile is manigeld identically to data displayed in the
parent tile. Zoom Out and angther 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 manipulata via

the toolbar buttons orany dialog window. Logically, there is no difference
between an insetile and any other tile appearing in the Idiand pane; regions

and componentgespond 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 righthand pane can be displayed in an inset tile. Focus is transferred
to any tile by leficlicking he mouse with the cursor inside the til&he 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 rigiind pane is inserted into the tile by
first selecting the VAMAS dak in he righthand pane, beforepressing the

Overlay toolbar button.
EEELY]

34



CasaXPS Manual 2.3.15rev 1.3 Copyright©2009 Casa Software Ltd

CasaXPS Licensed to:A1 CASA - [k2pc1s.vms] =0(E3]
File Wiew ‘Window Options Select Help - 8 x
D| || | B B[ R B | 5 B 0| | 6 | 1 | P2 @8 OB e 7 || [0[ 5 ) | S[12[®@
A& /8(8| | slelo/nalv] & |7|m] mjm/mmmn m %l
\ Exp Variable | Wide M. .,
Survey/2 1 iz M C 15/19
mwcqmwn: 2007/ 220 12:53:46 —
Source: ; .(Al (Mom)) (225% Pass Energy: 160 W.F.:-5'D4//-
| Total Acouisits Tie 3703 (rins) (2000 (s x 1 2 1111) Selected
50 ] C 1s/10 16_, Surveyid V AM AS
] 14] C1s
45 =303 @ Block
] 5253 =12
404 5203 % 10
35 15 S
r'?E E 0] 8] K2p3r
= 30 ] 53 6
e 1 300 296 292 288 284 280 4
o 25_: 7

L L L L e

305 295 285 275

Binding Energy (eV)
Cis

2pl3r2

-— 77— T
1000 800 600 400 200 0
Binding Energy (eV)

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 etwsurvey
spectra and narrow scan spectrasides 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
samge. 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 KCI example illustrates a set of narrow scan speétra which
element/transition fields are assigned 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 Xk 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
guantification regionsRegions are createby selecting the VAMAS blocks in the
right-hand pane before pressing the Add Regions toolbar button.
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One region is created per VAMAS block selected in the-hightl pane. The RSF
and name assigned to the regions is determined frone 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 KCI 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 K2p peaks rather than the true C 1ls 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 follong 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 tapost enables a paiof vertical locators at either

end of the quantification regionlf 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 actionsl uhe

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.
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A region must be manually created for the K 2p doubletkgea

1. Zoom into the K 2p doublet peaks.
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2. Invoke the Element Library dialog wind@amd select the K 2p transition
using the Element Table list
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3. On the Regions property page of the Quantification Parameters dialog
window press the Create button.
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Theregion created on pressing the Create button extracts the name and RSF
based on the transition selected via the element table.

38



CasaXPS Manual 2.3.15rev 1.3 Copyright©2009 Casa Software Ltd

CasaXP§ Licensed to:A1 CASA - [CasaXP5] EEX
File Wiew Mindow Options Select Help a8 %
0051 3 S R | B 1 4 1| 4 9| @8] |l o / |32 6] @] ] S
e e e Y S BN Y SN N v e o o= e e Y S
I o T = — — i O
1a e K 8=3
I .
12| | Fegions I Componenls} Data Editar | Repart Spec. 1 RPT F\eport]
o
D |
2 10 | | |ms/5 ™ CalcMax
ke |
« 8| | Fegions |
o | Mame
O I RSF
— | Start 1
! cis End - 5[]
4 | | BG Type
I A, Width Element Table ] Petiodic: Table | Input File | Exact Mass |
2| St Difset
W ! F 4 End Offset Name | Energy | FwHM [ RSF [LineSha
— T — 7 Cross Se... hg ELL 303.69 1 0.6 GL[AC
Tag ¥3p Eul 1 174 el
300 206 202 288 284 280 Area Ra 4t 293 1 15.02 6L
Binding Energy (eV) Std Dev K2 2556 1 GLEE
fihm Ir 4d 295 1 4553 GL3E
45 O 1s/ 38 N 1s/5 Clip Pasition Dy 4p 753 1 1.025 GL{3E
3 Q1s ] N1s 70 % Conce... K 2p 2928 1 1.4E6 GL[3C
36 E Maw Height Ce 45 290 1 n1a LI
Min Height Ds 4 290 1 GLE3E
- 403 4 < 603 Peak to Gddp- 289 1 i GL(C
=4 . =] Ki 3 289 1 0.368 6L
= 351 < 501 Cremte Thdp 236 1 1.029 GLEw
2 ; & 40 s 2
a E Create From L
© 30 © a0 ] T ZoomhenLine Sekectad Find Peaks
E L R [ Create When Line Selected o
Ieate Regions
25 ] 205 M Autamatic ™ Use Library FHM QQ
10 Clear All Elements | Edit Block Species/Trans
20 [ 230,706 : 1262.57 Edit Source Analyser Angle
T ‘ TTT ‘ TTT I TTT I T T I TTT I TTT ‘ TTT I T ‘ T -
540 536 532 528 408 404 400 395 392 207 204 201 198 195 || 7| #7T-| dveiyirieaves | oissayiikeave
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

The O 1s narrow scan region highlights a further issue, namely, the background is
poorly defined even though the Av Width fieisl 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 f@ob with the
background results from a feature of the Av Width. If there are insufficikta
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 processpii®ach

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 problemshould be obvious raéer than attempting to hide theserrors. 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 availEbfor 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 thahd acquisition window failed to include
sufficient data channels to lower binding energy of the peak envelope.
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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 solusida 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 intervdtor this example the solution
appeas 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 spedrgiven electron configuration results

in a range of quantized (facore 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 smibit energy
differences are apparent in the XPSagestructure. For the case of potassium
chloride, both elements are sufficiently large to exhibit sprhit splitting due to
transitions involving the emission of a 2p electréatassium chloride offers an
example of a diatomic molecule where the initsiaite is clearly a singlefround
state. The doublet nature of the XPS peaks assigned to K 2p and CI 2p are due to
the doublet nature of the excited ianwhere thefinal state is available with two
possible energies. According to theory, these two enéeggls are formed from a
set of degenerate states, where the number of degenerate staleocated to
each of these two observable enerdgvels depends on the total angular
momentum quantum number {j coupling notation] = | + swherel is the orbital
angular momentum number arngithe spin angular momentum quantum number.
For the emission of an electron with p< 1) angular momentum, the final state
offers two energy stateg =1/2 andj =3/2, in the proportion 2(1/2) + 1 t@(3/2) +

1 or simply stated thexpected intensity ratio of 2doublet peakss 1:2. Both the
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K 2p and the Cl 2p doublets obey the relationship between the intensities for the
2p» and the 2p,, peaks.
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Calibration of Binding Energy Scale for Narrow Scan Spectra

The basic equation for the phoedectric effect modified for XPS includes terms
which explain the reason peaks appedrenergies different fronvaluesreported

in the literature. The sample, when placed in the vacuum chamber of an XPS
instrument is either electrically connected to the instrumemtr electrically
isolated and therefore allowed to change potential relative to ground. In either
case, the electrons emétl from the surface must overcomepatential 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 stat 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 peréd 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 activeTile Caibration
property page on theSpectrum Processing dialog wind@again provides the
means of applying the energy shift based on the selection in the-nghtl pane

of the experiment frame.
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The expected value for the C 1s peak is entered in the True dieldhe
Calibration property page and a selection in the rigahd pane of all VAMAS
blocks for which the sample bias experienced during the acquisition of the C 1s
peak also applies. For the KCI sample, the O 1s, N 1s and CI 2p narrow scans are
selectedin 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 shifteal &mce 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.-dosles on

the Calibration property page control these shifts associated with the regiaths an
components. On pressing the Apply to Selection button with thelimkes as
shown belowresults in the peaks, the regions and the components defined on the
K 2p doublet all moved by the same offset in eneagythe spectrumThe energy
shift calculatedrom the C 1s peak is also applied to the selected O 1s, N 1s and ClI
2p VAMAS blocks.
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The use of the Adjust Regions and Components tick boxes for individual files is

almost always appropriate.
Adjuzt

Iv Regions v Components
The circumstance in which the regions and component mayaed 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 titdoxes are left uricked, the data can be ate 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 mousesledt button.

A position in the lefhand pane indicated by ghcursor when the mouse button is
pressed is loaded into the Measured tdld. Alternatives to the interactive
method include usingregion defined on the data prior to calibration.
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The procedure involves the Regions property page on the Quanitiicati
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, fi specified to match an entry in the element library, causes the
energy from the element library to update the True tdidid. When the Region
button on the Calibration property page is pressed, the position for the largest
peak in the selected region othe Regions property pages 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 performednow based on a componentather than a region The
Components property page offers a means oleseng 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 matchirgg th
name field for the selected component.
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Once again, the selected VAMAS blocks are all calibrated with respect to the
chosen componentMaking an appropriate selection in the righ&nd pane prior

to pressing the Apply to Selectidrutton on theCalibration property pagallows

a set of related spectra to be calibrated in one actidine 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 w#@ 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 discussioso far regarding the KCI spectra is focused on energy calibration

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

guantification report capable of expressing the essential characteristic of the XPS
data. Samples are compared basedthese quantification tables.

Quantification of narrow scan spectra is performed using the Report Spec
property page on the Quantification Parameters dialog window.

M Quantification Parameters E“Elgl

Regions } Enmpnnents] Data Editor  Report Spec. ] RPT Hepnrt]
Standard Reports
v Use Config File
Fiegions Comps I Use Profile Format
Regions and Comps | Combined With Tags |
Custom Report
Quantification [tem Names ~
Cls
Clzp
K 2p
M1 ~
Fegions ‘ Comps | All |
Clear
FRiatio Fegion | FRiatio Comp | Fiatio All |
MNames | Formula ‘
Area Report Height Repart Tag Defined Repart

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 appean ithe same row in the righhand pane.
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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 agpen the same row,
options in CasaXPS permit theawanisation of the VAMAS block3rganising

the VAMAS blocks in the righand pane involves assigning the same
experimental variable to each VAMAS block involved in the quantificationtgnd
adjustingthe species/transition fields for each spectrutre blocksare arranged

in the righthand panein separate colums. Several options are available to aid
the organisation of the VAMAS blocks in the righhd pane. These will be
addressed in a separate sem of the manual.

A typical quantification table is generated using the Standard Report options on
the Report Spec property page.

Standard Reports
[ |lze Config File

Regions | Comps [~ Use Profile Format

Regionz and Comps | Combined “With Tagz |

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

1. Define regions for each peak used in the quantificatibthe sample.
2. Select the VAMAS blocks in the rigifand pane.
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Exp Yariable | ‘Wide M. .. 0 1s M 1s Cls ClZp
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3. Invoke the Quantification Parameters dialog window and select the Report
Spec property page.

i - - 1503
2 Riegions | Components | DataEditor Report Spec. | RPT Ropart |
0 Standerd Feparts

'8 ¥ Use Canfig File

6 “ Comps | [ Use Profile Fomat
4 Regions and Comps | Combined Wih Tags

2

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

Version 2.3.15 of CasaXPS includes a option for choosing from a range of
configuraton files defining the format fothe standard report. If a directory
named QuantTables exists in the CasaXPS.DEF directory, a list of files from that
directory is offeredn a dialog window.

Select the Quant Table File @

|E:\Documents and Settings\Mealsky Documents'workingD irPreR elease 231 5\Casa< PS5\ REEE R SN o = R (VT el =5

File
regionguanttable_auger bt
regionquanttable_=ps. st

If the QuantTales directory does not exist, the previous RegionQuantTable.txt
file located in the CasaXPS.DEF directory is used to format the text report.

& CasaXPS.DEF
File  Edit Wiew Favorites Tools  Help

@Back . le /.-\JSearch {7 Folders v

Address |uﬁ C:\Dacuments and Settlngs'LNeaI'LMy D0cuments'LWDrklnngr'LPreReIeaSEZS1S'LCasaXPS'L 533%P'5, DEF]

= IFrO

v|G0
-~

l,IT

File and Folder Tasks %

"‘_3"” PrintFootMote. kxk " RegionComnponentQuantTable, .,
L EJ Text Document EJ Text Document
Em Rename this file = | 1k = ] 1k
[y Move this fil= _— _—
I this fi = RegionQuantTable, kxk = Settings.txk
D apy this e == | TextDocument ==| TextDocument
&8 Publish this File to the =1 1kB = ) 1ke
Wweh
’_j E-rnail this file "‘:"—"’J Spectra bxt "‘_3”’] SyntheticCompColours. bxt
\ ==| TextDocument == | TextDocument
iz Print this file = ] 1k = | 1k

<
<

o 5 il

A configuration file specified by either method is used only when the Use Config
File tickbox is ticked.
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Standard Reports

|w |lze Canfig File
| Regions || Comps |

I Use Profile Format

Regions and Comps | Combined %/ith Tags |

The onsequence of selectinthe Regions button from the Standard Report

section is a new window appears showing the quantification table within
CasaxPS.
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The data displayed in the quantification report may be printed as text:

B #||s) 2

Id Har Po=iticn BRaw ERr=a Library REF Transmiss=ion &At Conc
1 Z3z.0 2 0.78

Orthe text reportplaced orthe clipboard 0| |
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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 discussretating to the creation of these
peak models was deferred until now.
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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 doubleaip from the Cr 2p transition.
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Doublet peaks represent a transition from the initial state for an atom to a final
state, where the final state is split by sprbit interactions due to the unpaired
electron in the p sulshell. The combination of angularoment 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/2 are half as common as states litotal
angular moment 3/2. Further, the energy difference caused by the-fn
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 postion. 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 particlar 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 well defined background significantly improves the
precision for the calculation of peak intensities measured with synthetic peaks.

The Components property page on the Quantification Pataens dialog window
providestools for creating component peaks.
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The VAMAS block the examplds assigned the correct species/transition fields
respectivelySince these
species/transition stringsnatch an entry inthe current element libraryfor the
transition Cr 2ppressingthe Create buttontwice on the Components property

for

the doublet pair namely,

Cr
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pagecauseswo GaussiarLorentzian peak$ be addedon the displaywith the

appropriate  RSF and lineshape as defined by the element librahe

Components property page displays each component as ancobf parameters
specifying tle position, peak area and FWHM.

Component
Mame
RSF

Line Shape
Area

Area Comstr.
frahim

frshim Corstr.
Position
Pos. Constr.
Tag

Comp Index

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

Cislie + Marquardt Paste

[ Simplex
Copy [Pl
Copy v Use RMS Monte Carlo

Tt \ Fit Spline BG | Ceppanelit |

ﬂ H ﬂ Fit Step G | CopyNamas|

The key to obtaining a good peak model is restrictingdoptimised parameters
to ensure the least squares @iion returns a physically meaningful solution. For

a 2p doubletpair, a physically meaningful solution involves ensuring the ratio of

the peak areas is 2:1. Parameter constraints iargally specified in the form of
an interval:

Area
Area Constr,
frabimn
frabim Canstr,
Pasition SElLSIL
Pas. Canstr, |_ 598672
Tag
Comp Index

Alternatively the consaints can be specified as a relationship betwethe
corresponding parameter ia different component. Each component appears on

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

button labelled alphabetically.

Companent
M arme
R.5.F.

Line Shape
Area

Area Congtr.

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

constraint using the alphabetical character above #t@wumn of component
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parameters. To ensure the peak area for the component in colBmnhalf the
peak area of the component in colun# the Area Constr. field in columhis
changed taB* 2.
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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.

Carmpanent
Mame
R.5F.

Line Shape
Area

Area Constr.
frahirn

frwhim Corgtr,
Paszition
Pz Constr.
Tag

The most important input to geak model is the lineshape. The Cr 2p exhibits
asymmetry in the peak shapes thus a Gauskiaentzian lineshape will struggle

to model the data envelope. Introducing aasymmetric lineshape provides a
means of modelling the data more precisehowever ih doing so introduces an
uncertainty into the peak intensity calculation. These issues are dealt with in
detail elsewhere \alton et al ISBN 97895495331Y. 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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GaussiarLorentzian 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 asymmaetrpeak shapes whilst retaining a functional
form with finite area, two Lorentzian based lineshapatroduced 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 lind$he LA and LF lineshape® alescribed 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 t
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 FWHsEInd position (in kinetic energg)is given
by

L(x:f,e) =

1+4<x;e)2

The basis for both the LA and LF lineshapes is

[L(x:f,e)]* x<e

LA(x:a, B, f,e) = {[L(x:f, e)]f x>e

The lineshape parameter entered on the Components property page for the
F 38 YYSUGONRO [ 2 NB)y wihkeran ig an Aintegef beté@derk0 and>499
defining the width of the Gaussian used to convolute itA¢unctional form.

[ C o 'wxm) is illentical to the LA lineshape with the exception that the specified
gl tdzSa 2F h | yR i I NB T 2 M3DeSsmaoth fuAco® NI |
determined by the width parametew.
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Name Pos. L.Sh. %Area

4| Cr2p3j2 5803 LF(0.851.959520) 66.71

Cr2p1i2 58986 LF(1.15,2.211,0) 3329
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Note thatfor a model based on the LF lineshafte relative intensities for the Cr

2p doublet pair are achieved without constraini@ere is an element of luck in
achieving the expected ratifmr 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 sinbe background also has an influence
on the lineshapes the apparent agreement with the theoretical ratio is somewhat
fortuitous. Scofield crossections calculated for the Cr 2p doublet peaks for
photons of energy 1486.6 eV suggest the ratio should be 1.93ince the
doublets represent electronic states with slightly different energyd therefore
different eigenvalue 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 datathe

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.
spectrum for Ce@is interpreted using five doublet pairs for the Ce 3d transition.
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+® al 02t Ny =
Skéla and K. Veltruska, A resonant photoelectron spectroscopy study of Sn(Ox)
doped CeO2 catalysts, Suriterface Anal. 40 (2008) 2230.
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The constraints used to interpret the Ce 3d spectrum are listed using the

Components property page of the Annotation dialog wind:. ;H,|||

M Annotation glil@

I Name from TAG
W Include Constraints
¥ Ewxclude Line Shape
¥ Exclude Fw/HM

Quantification 1 Peak Labels | Text
Annotation Histary ] Regions Components

Position Type

® Diplyi  © Daa et

I Exclude % Area
v Exclude fiea
I Erclude Postion

Apply

I

a9

+HH

Doublet peaks resulting from the emission of-arbital appear with intensitiem
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 sdfgen with constraints

applied tothe fitting parameters, without corroboration from other sources, a

peak model based solely on data such as these can lead to problémsnodel

developed for Cethased m one spectrunwhen applied to data acquired from a

different sample from a diffemat instrument tests the generality of the model:
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CasaXPS

Successfully constructing a peak model relies on iteratigaliding peaks with
constraints until a stable model satisfies the data envelope and the physical
context for the data. A good place to start iis the literature A series of
publicationsprovide background to the use dbublet pairs in the Cefnodel:

V. Matolin et al. Surface and Interface Analysis. 40 (2008)2326

J.P. Holgado et ahpplied Surface Science 161 (2000)c305

L. Cossaruttet al. Applied Surface Science 126 (1998)353

Yu.A. Teterin et al. Journal of Electron Spectroscopy and Related Phenor®dnél888) 275
279

M. Romecet al. Surfaceand InterfaceAnalysis, 20, (1993)508-512

The first step requires thepecification of the background to the peakBhe
survey spectrum for the Ce@ample illustrates clearly the problems associated
with the background selection.
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The step in the background is complicated by the multiple peaks associated with
the Ce 3d trasition. 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 onlytruly defined for a single peak. When more than one peak
contributes to the data shape theumber of ways the Shirley algthim can be
interpreted is large. CasaXPS actually includes several variations on aftireme
calculating a Shirley background. Since the Shirlkdround 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
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The first peak created using the Components property page is placed on the data
at a position to reduce the largest variation in the dath.the Components
property page is topnost on the Quantification Parameters dialog window, the
newly created pel 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 leftouse button:
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The peak position changes to the new positionce the leffmouse button is
released:
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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 heightatjust 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
60



CasaXPS Manual 2.3.15rev 1.3

modification to the drag action, the FWHM and height adjust to ensure the peak

area is maintained unchanged.

Copyright©2009 Casa Software Ltd

Place the cursor at the side of the peak and hold down thenheftise button:
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Drag the cursor to a new position. The height and FWHM adjust.
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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 he
down during the drag operatior
the height of the peak is unaltere
by the drag actionSarting with the
cursor at the side of thesynthetic
peak hold down the Shift key an
begin dragging the cursor to a ne
position using the left mous
button:

Doublet pairs resulting from electrons with d angular momentum are typically
separated by characteristic energy differences. Hteicture 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 andensity, and the displacement for

the curor from the initial position othe cursor when the drag operation began.
While thesetwo doublet pairs for Ce 3d arise from different chemical states for
cerium, tre energy difference between the peaks for a given doublet pair should
not deviate significantly.
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l 914.258, 7826.0 [18.333, 200.4] l 898.267, 7603.3 [18.414, 556.8]

The pairing above guides the placement of the next peak created for the model.

At this point in the constructioof the peak model, the relationships between the
peaks for a 3d doubletwhen introduced in a rough manner, can help to add
further doublet pairs to the data. Th&j+1 relationship for the relative peak
intensities between peaks in a doublet pair suggestsarea constraint in the
proportion 3:2 is appropriate for the 3d and 3d,, 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 peakmsition
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 entekey.

63



