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CasaXPS Processing Software for XPS Spectra

Casa Software Ltd.

NO WARRANTY

Casa Software Ltd. does its best to ensure the accuracy and reliability of the Software and
Related Documentation. Nevertheless, the Software and Rel&edumentation 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 r@sults 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 caresgl, either directly or
indirectly, upon the existence of errors in the Software and Related Documentation. The
{2FG6F NB YR wSflIiSR 520dzYSyidlidAazys AyoOf dzR
without warranty of any kind. Casa Software Lfuatther disclaims all implied warranties
including without limitation any implied warranties of merchantability or fithess for a
particular purpose. CasaXPS should not be relied on for solving a problem whose incorrect
solution could result in injury to 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
possibilityof such damages.

Acknowledgements

Casa Software Ltd would like to thank all those providing data and offering
enlightening discussions leading to the current state of the CasaXPS software
and manual. It is a humbling experience to work with so manyieugeable
people and the author would like to express gratitude to all concerned.



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

Contents
CasaXPS Processing Software for XPS SPeCIa.......cccoeeriiiiiiiiiiiiiiiiieeeeeeeiieee 1
BaSICS Of CASAXPS. ...t 7
CasaXPS Main WINGQW...........uuuuiiiiiiiiieeiiiiiiii et e e 7
Loading Datanito CasSaXPS...........uueiiiiiiiiiiiiiiiie e 9.
Displaying Data in CasaXPS...........cuuuiiiiiiiimmiiiiiissss s ssss s e e s s e e e s s aaaaaaaaaaeas 10
Selection of Data USiNg the MOUSE.............uuuiiiiiiiiirrr e e e e e e e e 11
T8 FOMMAL. ... e 12
THlE DISPIAY.... ettt ————— 13
b oTo] 0T aTo T o) (o TN I =\ = PP 14
ProCesSing SPECILA........cccciii i ——————————————— 17
Basic Energy Calibration.................euuueuiiieiiiiiiccccesss s see e e e e 18
Quantification Of SPECIIA..........cevvviiiiiiii 20
Creating Backgrounds and RegIiQNS.............coooviiiiiiiiiiiiieiieeieeeieeevveevveeannnaaaees 20
Quantification of Survey Spectrum using Regians................cccceevevviienneennee, 25
Creating Peak MOdElS.........coooiiiiiiii e 33
Quantification using Standard REPOILS. .........uuuuiruiuiiiiiiiiieieie e a e 40
Transferring Regions and Components to other Data..............cccccceeeeeeeieeennn.... 43
Copying Data to a New Experiment Frame...............cceeeeeieeeiiiiiiiiieccceeeeeeeee, 49
ANNOLAING SPECIIAL.....uuiriiiiiiiiiii e e e e e e e e e e e e e e e e e e e e eaaaeeaeeeeeeeeeeaeees 50
Quantification Of AES Data..........cccoeeviviiiiiiieeiieiiiiee e e e e e e eeaaaaans 56
Differentiation of SPECHra...........ccoooiiiiiii i ——— 58
SavitzkyGolay Method..........cooooiviiiiii e 58
Creating Derivative Spectra for PeakPeak Quantification................ccccccceeeeeenen. 61
Converting Direct Spectra to Differentiated Spectra...........cccccevvviiiiiiiiiiiinnnnn 63
Quantification Regions for AES data...........ccoeoviiiiiiiiiiiiiieecc e 66
Creating Quantification Regions using the Element Library.............cccccceeee.. 69
Propagation of Quantification RegIiONS..............ccovvviiiiiiieieieiieiiieeiiieeceeeeeenannes 71
QUANTIfICAtION REPOIS....iiiiiiiiiiii e e e 72
Y= 10 F= U o [ 2 =T 0 To ] 1 RRPRRRRY o
LO1T ISy 0] 1 0T =T 010 1 1P UPPPR 81
CasaXPS EIement LIDLaKy..........uuuuuureiiiiisiss e e e e e e e e e a e 100



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

ElementLibrary FOrMAL............ocvvviiiiiiiiiiiiiiiiiiiiiei s e e e e e e e e e e eaeeas 100
Importing a JEOL Element Library...............ooo i 105
Concentration CalCUlatiQn.............ccuveiiiiiiiiiei e 106
Augerlmaging in CasaXPsS.........cooooiiiiiiii e ————————— 108
Auger Image Analysis Steps iN CasaXPS..........ccccvveiiiieiiiiiiiiiesses e 111
Ordering the Images using the Experimental Variable................................ 112
Copying VAMAS blocks between Experiment Frames................ccccevveeneee. 114
Converting Images to Differentiated Spectra..........ccccceeveviiiiiieiiiieeiieeieeeeeenn. 116
Quantifying the Spectra at Pixels to Produce Images.............ccccvvvvvveennnnnnnnn. 119
RBD INStruments INC. AUJEN SCAMN........uuiiiiiiiiieiiiiiinee et e i 123
YAV ST 1= £ - VPSPPSR 123
MultiplexX AUQEr SPECIIA..........cceee e 128
Depth Profile Datal.......cccooeeiiiiiiie e 129
The Nature of TOF SPECIIa...........ccoooiiiiii s 136
TOF M@S CaliDration............ooiiiiiiiiii e 138
Calibration Based on Nominal MasSES..........coocuuiiiiiiiiiiiieeiieeee e 140
An Example of Mass Calibration using Nominal Masses.........ccccceeeeeieeeennnn. 142
Recalibration of Mass Scale for TOF Spectra.........ccccceeeeieeiviiieiiieeeeeeee 146
Recalibration STEPS.........oooviiiiiiieeeeeeeeeeee 148
Peak Fitting TOF SIMS Data.............coooiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee e 149
Lineshapes Suitable for TOF SIMS Spectra...........cccovveiiiiiiiiiiniee e 150
Peak Identification and REAUCTION............cuiiiiiiiiiiiiiececee e 152
IoNTOF Peak 1dentifiCation. ...t 154
Converting lonToF Spectlf_ijﬂ ........................................................................... 155
DIreCtory Profiling........cccuuuuieiiiiiiee e 157
Profile Directory Toolbar Optio% ............................................................... 159
Working with ToF Spectra in CasaXPS...........cceiiiiiiiiiiiiiiiieeeeee e 160
Time to Mass Calibration Procedures..............coveiiiiiiiiiiiiiiiiecee e 160

Mass Calibration using Regions and Propagation of Regions between Spet&a

MaASS CaliDration............eviiiiiiiiiiiii s 162
Propagation of Calibration REQIONS............uuuuriueiiimmiiiieeerees s ee e e 162
Mass Calibration using the Exact Mass Calculator Property .PRage............... 164

3



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

The Element Library from a TOF SIBECHVE............cuuvvivieiiiiiciciieeeeee e 166
The Element Library and Linking ToF Peaks for Display................ccccoeeee. 167
Profiling Features for TOF data............cooooeiiiiiiiiei e 178
TOF Data File OPLIONS........coviiiiiiiiieeeeeeeeeeeet s s e a e e e e e e e aaeas 180
Create a Total lon Spectrlﬂ ...................................................................... 181
Create Images from Spectra using Quantification Regions........................... 183
Spectra Generated from IMage ZONES.........uvviiiiieiiiiiiiiiiiieeeee e 185
Creating a Profile from a Total Ion Spectrum.............ccccvvvviieeeiieeiiiieiiiiie 187
Spectra Generated from Profile Layjﬁl ....................................................... 189
Create a Profile from a Directory of F % ..................................................... 189
Convert and Merge a Directory of XYTM*L .................................................. 192
Image Depth Profile Data Analyjﬁlﬁl ......................................................... 194
Quantification Reports and TOF Data.........c.c.uuvviiiiiieiiiiiiiiiieeee e 197
Quantification via the Report Spec Property Page........cccccovviiiiiiiiiieeeeeeennne 197
StANAArd REPOIT......eiiiiiiiie et a e e e e e e 198
CUSEOM REPOIL. ... 201
An Overview of Wdiing with ToF Data in CasaXPsS............ccccciiiiviiieiiiniiiiiee, 203
SIMS Toolbar Buttons: Display Options..........cccuvviiiiiiiiieiieiiiiiiieeeeee e 203
AN OVEIVIEW. ...ttt e e ettt e e e e e e e e e e et b e e e e e e e aeeeeaaane 210
BaSICS Of CASAXPS ... 212
CONVETTING DALA. .....eeeiiiiiieiiiiiitiie et e e e e e e 212
Data Viewed Via an Experiment Frame.........cccccoooiiiiiiiiiiiiiieeeeeeiiiieeee 213
DISPIAYING DALA......eeeeiiiiiiiiiiiiiee e 214
Selecting VAMAS BIOCKS. ......couiiiiiiiiiiieeeee e 215
Tile DIiSPplay OPLIONS.......c..uuiiiiiiiiiieee et 216
DISPIAY COIOUIS.....eeiiiiiieeiee ittt e e e e e e e e 217
Calculating SNMS Sensitivity FACIQIS...........cueiiiiiiiiiiiiiiiiiiiieeecee e 219
Quantification of SNMS Profiles........ccccoeoiiiiiiiii e, 229
Quantification of Stainless Steel using SNMS: an Example..............ccccuue... 229
SpecCifying the SPUEIRALE..............euureiiiiiiiiiii e e e e e 234
Creding a Calibrated SNMS Profile.............cccoooeiiiiiiieeeeeeeeeeeeveeees 235

4



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

[N = 0 O] Y 240
Notes on Dynamic SIMS RSF Calculatian...............oevvvvveeiviiiiiniiiiiiiiniiinns 241
Reference Signal Measured during the Course of Profile............cccccovveee.. 241
Reference Signal Measured at End of Acquisition Cycles.............ccccceeee..... 242
Quantification of Dynamic SIMS Profiles...........ccccceiiiiiiiiiiiiiiiiee e 243
Quantification of BasiC Profiles...........ccooevuiiiiiiiiieiiice e, 245
Making Adjustments to the Sputter Rate..............ccceeee e 256
Display of Calibrated Profiles.............ccccoo oo 257
Further Aspects of Dynamic SIMS Quantification...........ccccoeveeiiieeiiienie. 258
Logical Structure of a SIMS Depth Profile within CasaXPS......................... 258
Methods for Computation of RSF and Sputter Rate Values......................... 259
Identification of the Matrix and Interface Cycles.........ccccovveiiiiiiiiieeiiieeeeeeee. 259
Selecting Ranges of Cycles on the Calibration Property.Rage..................... 263
Surface Data and Background Signal.................eeeuviiiiiiiiiiiiiiiiiieecceeee e 264
Three Ways to Calculate RSF Values from Standard Samples................... 265
Adding RSF and Sputter Rates to Profile Data...................coooeeeee, 266
Applying Calibration Parameters to One or More Profiles...........ccccceeeeeennnn. 266
Depth Profile Statistic#ireal Density and Decay Length..............ccccooeveee. 267
Maintaining Standards Library FileS...............uvvuiiiiiiiiiiiiiciceeseeeeee e 268
Stepby-Step Description of Quantification for a Mdltayer Sample................ 268
An Example of Computing an RSF using Dose and Implant Peak.Depth.....274
Computing RSFs where tMatrix Signal is Measured following the Completion of the
IMPIANT PrOfIlE......eeeeeeeeeee e 276
Gathering Profile Data for Display and Calibrafomposes...........cccccceveeeeeiiinnee 278
El@CIION SPECIIOSCOPY ... uuteiiieieiiee ettt e e e e e e e e eeeas 282
Quantification of Spectra using Transmission COrrection...........ccccccooveeeeueeeee. 283
Practical Solutions to TranSMISSIBOIMECHON...........coorcrriieeiiiieee e 287
Adding a Transmission Function to SPECS SpecsLabl.Data.............ccc....... 288
Adding a Transmission Function to Data Blacks.............cccccoviieiiiiiniiiincceee 290
AddTransmission FuNction from Fle.............ccciiiiiiiiiieeee e 291
Relative Sensitivity Factors and Instrument Geometry.........cc.cevvvvvveeevvvveennnnnnnnnn. 292
PHI MURIPAK Data........ccoeeeeeiee ettt 294
Quantification of PHI SBLra...........coevviiiiiiiiiiiiiieeiiii e 297



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

Creating a PHI Library........coooo oottt 298
Creating Quantification REQIONS...........uuuuuriiririiisrrssss s e e e e e e e e e 303
Quantification of Thermo Scientific Data.............ccevviiiiiieeiieiicce e 312
Converting Avantage Data..............cooooe i 313
Thermo Scientific Avantage FileS...........uuuiiiiiiiiiiiiiis e 314
Merging Sets Of EXPEIMENLS...........cuuuriiiiiiiiiiiiiiisrssss s ee e e e e e e e e e e e aaaaaeas 315
(@0 E=T g 11 or=11[0] o VOO URPPTRRR 316
Element Library EXcitation SOUrCe StING...........uvvrrrrmiemmmiiiiiiiesseeaseeeseeeeeeens 317
TranSMISSION FUNCLION.........ooiiiiiiii ettt e e 318
Preparing an Element Library for use with thAlha................ccoevvviiiiiiiiiiiinnnns 319
Quantification of JEOL XPS Spectra from SpecSurf................cccociiiiiiiiiienne, 322
KPS SPEBCIIAL ..t eaa, 325
Other Peaks in XPPEBLIA.........cciiiiiiiiiiiiie i iee e e 330
Basic Quantification of XPS SPeCHIa........cccceeiiiiiiiiiiiei e 331
How to Compare SamPIES..........uuuumiuiiiiiiiiiiiiiie et eee e e e e 333
Relativelntensity of Peaks in XPS...........uuuiiiiiiiiiiiiieiiess e e e 333
OVerlapping PEaAKS..........cooiiiiiiieeeeeeeeeeee s 335
PEAK POSITIONS......eeiiiiiiiiiiie ettt 337
Charge ComPenSaAtiQN...........uuuuueiiiiireieee e e e e e e e e e e e e e e e e e e e aaeaaeaaaaeeees 337
Depth Profilng USING XPS... ..o 339



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

Basics of CasaXPS

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

CasaXPS Main Window
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The Main Window of CasaXPS is a multiple document interface capable of
managing large numbers of files all open at the same time.
Key points:
e Each file opened in CasaXPS appears @xpeariment frame.
e The topmost experiment frame has mouse focus.
e An experiment frame is divided into two panes; the Jdefind pane
displays the data in graphical form, while the ridfaind pane displays
the logical structure of the VAMAS file opened ina3d3S.
Management of experiment frames is performed using the Window menu on
the CasaXPS main window.
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e Experiment frames may appear full sized.
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o Experiment frames may be tiled.
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e Or as icons within the CasaXPS Main Window.
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Loading Data into CasaXPS

CasaXPS converts other data formats to ASCIL4S@6 (VAMAS) format.
Data in VAMAS format are opened as experiment frames by selecting the
VAMAS file via the Open option on the File menu.
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A file dialog window allows data to be selected from disk.
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Data not in VAMAS format is converted through CasaXPS via the Convert
option on the File menu. A Convert to VAMAS file dialog window offers a
means of selecting a file type for conversion. The file extension is typically
used to determine the file format, foexample, the file extension spe is
allocated to data saved in PHI Multipak format.

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

Displaying Data in CasaXPS

One or mae files may be selected via the file dialog. On pressing the Open
button, a new experiment frame appears in the CasaXPS main window.
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The keyboard arrow keys can be used to change the selection in the right
hand pane. Each press of an arrow key moves the selection in thehaghit

pane with respect to the data block displayed in the active tile m It

hand pane. Pressing an arrow key causes the newly selected data block to be
displayed in the lefhand pane.
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Selection of Data using the Mouse

Data blocks in the rightand pane are selected using the mouse and a
combination of the Shift key arttie Control key.

Left click the mouse over a data block in the rigahd pane to make a single
selection.

Extend the selection to a contiguous group of data blocks by holding the Shift
key down before selecting a second data block using the left miouiten.
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Add to the current selection by holding the Control key down before left
clicking over a data block.

CasaXP$ Licansed to:A1 CASA - [0101181 2.vms]
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Overlay the current selection of data blocks in the active tile by pressing the
overlay toolbar button.
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Display the current selectiomne-per-tile using the display toolbar button.
BIELE

CasaXPS Licensed to:A1 CASA - (01011812, vms]
[A e won widom Optors Sekct tep

D] 205 B P B | | [ i %) O] s | sle|s] B | Sk
O a|GE| hkbd e o|s|aly] w0 D@6 )
] Cut 56 A A
o3
= o5
2
z. B
L® X H
fr 50
= Em 1
=3 126
16, 18, 4
b
| 15 @
N \ \J B
Y . | 216
12, 1. 24
=
g i B
o
Cul 97 Cul 98 324
», . 2
» 0
» Ed
»
B4
“ = Y . 414
R =% 42
iz o I
i & e
b
. » \ =
" 4
\.\ [l e
I bt
75 s s s 9 985 s s 0
SectosEvy () RS ?

Tile Format
Set the number of tileper page using the Page Tile Format dialog window.
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Page Tile Format E]
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Tiles Ananged in Tiles per Row/Column
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Page tile formats are organized using predefined property pages for a
number of tiles per page. Adjustments to thke format involve choosing the
tile alignment type.

Tilez Aranged in

o Fows " Columnsz

Specifying the number of rows (or columns):

Murnber of B ows/Columns
i1 2 3 4

Specifying the number of tiles per row for each row enabled:

1 ]2 |3 4 |5 s
Tiles Arranged in Tilez per Bow/Colum
o Hows " Columnz 1) 24 3

1 e 2p0 3

T b el B ekl e 1 21 3
SN OIF] (ool w123

Tile Display

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

.:ﬂ smz| & E

Tile Display Parameters

Xidvis | ¥ Avis | Geomety Display | Colours | Global|

PR Headsr Font
W Tile I UseldTite I Quant Regions
T amas | eni ¥ Sprihetic Components el
I A wemeters | Residual Wi
W Arnatation

¥ Exclude Annot. Tables
I Quant Region Labels
I Componert Labels

I¥ Vet Quant Region Labels ¥ Draw Graph Box
™ Half Tile Display ™ Draw 30 Planes
¥ Diawlines | DrawPaits | Fil Below

I~ Drawkey | Keyonleft [ DescriptionKey

I~ SampleldKey [ Include Exp Varisble
I™ Display Comps fiom Fist Spectum [~ Dashed Comps
I Display Spectium Index ] il
I B Commert First Tile Oy

Title

[cut 58 Font
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The tile in the lekhand pane with the titlehighlighted is the active tile. On
pressing the toolbar button for the Tile Display Parameters dialoglow,
the settings entered oo the property pages correspond to the display
settings for the active tile. When the OK or Apply button is pressed en th
dialog window, the display settings for the active tile are updated.
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Data displayed in the active tile is indicated in the rigahd pane by a red
border around the corresponding data block. The background for the data
block in the active tile is aldoled with a light yellow colour.

Zooming into Data

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

CasaXP§ Licensed to:A1 CASA - [test_nacl_161007.vms]
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Each time a zoom action is performed, the parameters from the zoom box is
placed on a zoom list. Following a sequent@oom actions, the set of zoom
states on the zoom list can be reviewed by pressing the zoom out toolbar

button.
|‘3*|I € ﬂ

Each time the zoom out button is pressed, the previous energy and intensity
ranges defined by zoom boxes are reinstated sequentially timdilinitial
display ranges first used to view the data are recovered. Further pressing of
the zoom out button will cause the zoom list to cycle from the initial zoom
state.

The zoom list is rnitialised by pressing the reset toolbar button:

| I{‘|I 3¢

If the dat are prepared with quantification regions, pressing the reset
button loads the zoom list with the quantification region limits. To view a set
of peaks on a survey spectrum for which regions are defined, simply press the
reset button followed by the zoomud button.

Zoom out

L1«

Reset

>}
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Return to the initial display state

Zooming into a zone based on the mouse may require further adjustments to
the display to achieve the desired perspective of taa. Further intensity
scaling and positioning of the data with respect to the energy axis are
achieved using the toolbar buttons:

EAEARENPNEA
Adjustments to the energy interval accompanied by rescaling of the intensity

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

|52 o)t Al ¥
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Rescaling using the data within the current energy interval is achieved using
the toolbar buttons:

Al £l | 2y | W

Processing Spectra

Processing spectra is performed using options on the Spectrum Processing
dialog window. The Spectrum processing dialog windownisked from the
Options menu or the top toolbar.

Window NelsHEGEN Seleck Help

a E‘I Page Lavout ... E
Tile Display ... i
G Caankify, .,
- Elements ...

Processing ...

S s P
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M Spectrum Processing E]|E| E]

Differentiation | Integration ] Test Data ] PCA ] Calculatar ]
Processing History l Calibration ] Intenzity Calib. ] Smoathing ]

Processing Command
Calib M = 282.052 & = 285 Regions BE DD

< b3
Feset | Apply Selection | Propagate Flag |
Undo | Remove |
Reset Al

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

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

Basic Energy Calibration

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

B Spectrum Processing E|E|E]
Differentiation ] Integration ] Test Data ] PCA I Calculator 1
Processing Historny Calibration I Intenzity Calib. 1 Smaothing 1

Energy Calbration

Measured |EEEITEH Fegion
True [285 Companent
Audjust
W Regions [” Components Apply
Undo Selection | Apply to Selection |
Apply by Row 135t Region) | Apply by Row [ 1st Comp) |

I UseReference Intensity  Reference 1000

Apply Range Calibration ta All Files| Apply 13t Comp Calibration to Al F\Ies|

Apply Range Calib Al Files by How| Apply 15t Comp Calb All Files by Flow|

Calib M = 282052 & = 285 Regions BE ADD

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

Essentlly, charge compensation is performed by specifying the location of a
peak in the data as recorded. The measured location of the peak is associated

with the desired true location of the peak, from which the necessary shift is
18
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determined. The calculatechd#t may be applied to one or more spectra as
appropriate.

Charge Compensation for a Set of High Resolution Spectra
Display the spectrum for which a peak position is known:
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Using the mouse, lettlick the cursor on the peak as displayed in the active
tile. The energy identified by the cursor position is updated in the Measured
text-field on the Calibration property page.

Differentiation ] Integration ] Tezt Data
Proceszzing Hizhary Calibration l Inten

Energy Calibration
Measured |232_5?5

Enter the known value for the peak position in the True feaid.
Ernergy Calibration

Meazured |232.5?5

True |235

If regions and/or components are defined on any of the VANM&Sks for
which charge compensation will be performed, tick the Region and
Component tick boxes.

Adjust

[+ Regions v Components
Select those VAMAS blocks for which the charge compensation shift is
appropriately specified by the data in the active tile.

19
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Angle Wi, . =l s | = | 7|7

1 Wi... | <IN | SO | <o

Press the Apply to Selectidtton.

Energy Calibration

Measured |232_E;j.-'5 Regian

True |285 Component

Adjust

Iv Fegions v Compaonents Apply |

[Undo Selection | Apply to Selection

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

Quantification of Spectra

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

M Quantification Parameters @|§|@ M Quantification Parameters E|§|g\ M Quantification Parameters g\ﬁ\g|
jons | Companerts | Data Editor | Repor Spec. | APT Repot | Fiegions Components | Dats Editor | Repott Spec. | APT Risport | Regions | Components | DataEditor Feport Spec. | RPT Repart |
I Calc Max [CTs/6[RMS = 133832: 0 of F. = 32] [EF:. RSF = 0.309053] [Ef Standard Reports )
I~ Use Conlig File
Bl A B Regions Comps I~ Use Profile Format
Hame Tis Tis
RSF. T T Regions and Comps | Combined With Tags |
Line Shape L0 GLE
2 4543 kK]
#rea Constr. |00, 10000 | 0.0, T0000000.0 | Custom Repart
f LR | Quantfication ltem Hames
fwhm Consty, | 0.2499 6. | 008198 2048 &
Fasiion P k] o
Fos. Constr,  |_300_276.0 3002769 e
Tag Cis CTs 05'1 s
Comp Index 1 1 3
Agymmelry In.. 0,000 0000
% Concent EEEE] e Regons | Comps | a | .
et
. RaloRegion | RatioComp | Raiodl |
2 Hei . )
MinHeigh: | 382 Create ; J:_a'ﬂluﬁfdt Paste Mames | Fomula [
- implex
Faste Fieplace
Copy Al 2
Geats | CaluisEnorBaic | Dets | IEEEN| Fit Components
r v Mts Car
Create From Labels ‘ Save Regions | Copy and Paste ‘ & o Wit onis beto
Intensity Calibration Cinpy W Cut | Fit Spline BG | Copy and Fit |
R putematic [ Updae || oo EElEEIS: it Step B Copy Names ArssRepert | Height Repert | Tag Defined Repert

Creating Backgrounds and Regions

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

N
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A region is definedusing the Regions property page where each region
appears as a column of parameters in a scrolled list.

Regions ] Eomponents] Data Editor] Report Spec. ] RPT Heport]

[ Cale Max
Regiohs B C »
Mame 01z Cis M.
R.5.F. 0.78 0.278 1.
Start 542063 | 294361 10
End 527546 | 281.697 10
BG Type Linear Linear Lit
A width 1 1
St Offzet [N O 0
End Offzet IO 1] 0
Cross Se... EEENEERE L4 1239.54. (2935
Tag Clz M.
Area E3735 32264 14191 110
Std Dew ... 1} 1} 1]
frahim 314018 3.08017 3478593 22
Position 195548 | 535948 | 284548 10
% Conce... 30.89 17.86 22.04 2
Max Height| 5780.1 47854 1195.8 36[
Min Height -35.0 1237 -44.3 A
< | =

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

Fegians E [ A
Mame 01z Cls M.
R.5F. 078 0.278 1.
Start 42063 | 294.3R1 0,
End 527546 | 281.697 1a
BEG Type Lirear Lirear Lit
A width 1

St. Offzet i}

End Offse 1] 0

Crozs Se. | EEEEE JAd | 299,54 2995
Tag _mrm Cls M.
Area n [ ELLEE IO ™
Std Dew ... I I ]

fioabiriy 214018 | 305011 3.37593 22
Fozition 198.948 | h3h5945 | 284948 1w,

% Conce. . 3083 17.56 2204 21
bau Height | 57801 47854 1195.8 36l
i Height -35.0 1237 -44.3 Al
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To edit a regpn parameter, leficlick the mouse over the value displayed on
the table on the Regions property page.

Regions
M amne
R.5F.
Start
End

BG Tupe

S AR

The value modified within the ed|t text fleld is only accepted when the enter
key is pressed on the keyboard. Before pressing the ewagr leftclicking

the mouse away from the edit field causes the previous value to be
reinstated.

Regions are defined in terms of a reglons name:

L L )

M arne I:I 2|:| E13 N.

L T _————

Region names are useéefined names used to reference the information
determined from the region. Quantification tablegigally include the region
name and more importantly quantities calculated from a region are specified
within custom reports using the names assigned to a region.

Lil

A Relative Sensitivity Factor or RSF for a peak identified by a region is
typically extractedrom the element library, but may be adjusted using the
RSF row.

Regions | A, E C .
[ FLGF 0091 | EEEE 0270 .
-ML i'.l!. T Fol N ] ' LEM.JD | [ILEN
Erd AR e i

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

The start and end parameters define the energy interval over which a peak

should be measured.

Start 205,15 294 351 10,
End 132,553 | 281.697 | 1EI

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

Start
4 BG | ¢
Ll

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

L e, =TT T ] I LS ] )

[} e 1 [}

Linear backgrounds are typicallgad for insulating materials, while steps in
metallic data are modelled using a Shirley background.

1104

16

14 Au 4d

2 Shirley Background Type

o |
440 400 360 320
Binding Energy (eV)
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| ﬁh_TUHE
The full set of background types can be selected via a dialog window invoked

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

Background Types

Copyright© 2009 Casa Software Ltd

]

Background Mame

MNone
Linear
Shirley

Default

[LEH
in
kean
Zem
Smoath

Tougaard

W Tougaard

L Al Tougaard

U Si Tougaard
U 5i02 Tougaard
U Ge Tougaard
U Paly Taugaard
U 4 Tougaard

C 4 Tougaard

U + Tougaard

C + Tougaard

E Tougaard

E + Tougaard

Adjuztable

Spline Linear
Spline Shirley
Spline Tougaard
Spline None
Analtic Shirley
F.appa Shirley

Cahicel

W

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

The BG type field may be typed into the efitild as an abbreviation. The
i&LiSa

Y2ai
VA=

oO2YY2yfi
Gaé

End
BG Type

Shirley

v wiidth IE | v vidh I A Widh 3

& dzasSR . D

T2NJ ¢2dz3al |

End
BG Tppe

NR ©

{

I NE Sy dSNS

The background and spectrum meet at the two energy limitshi riegion.

Due to noise in the data, the actual data channel corresponding to the region
limits may not be most appropriate for defining the background intensity at
these limits. The Av Width parameter specifies the number of data channels
on either side bthe data channel corresponding to the start energy or the
end energy over which an average intensity is determined for the background

at the limits.

24



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

CasaXPS Licensed to:A1 CASA - [test_nacl_161007.vms]
[E) Fle view window Options Select Help - 8 x

D\w\-\ﬂ\@a\h\@a\@a\ |l | | | ([l 2 (] (]| @] ] Sl
m\@\a\i wmae\ alf«lelfﬁlAlvl AR IQQM J
e EARARARS N~

[angt SSIES

Cis ! Fiegians | Campanents | Data Edtor | Repon Spee. | RPT Repat |
B ™ e
292 291 290 289 288

‘ms/s ™ CalcMax

e.. EEERTEN

Tag [ Cis |

15131
[

fwhm [ 123883
i 25

0000

ColeulstzEnorBars | Delete |

D= ez ‘ e | Eeppand F’asle‘

L I B B B B ) BB B Inkensity Calibration B ey
300 296 292 288 284 280 W uamatc [1 Update
Binding Energy (eV) ﬂﬂ M

When using the Av Width parameter there must be sufficient data channels
to either side of both starti@d end limits before the background intensity is
determined using an averaged intensity. The largest source for precision
errors in XPS measurements is due to poorly defined background intensities.
The use of an appropriate Av width for the level of noisethe data is
important.

Two additional parameters influence the intensity of the background at the

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

for the background intensity.

St Offzet 3

End Offzet N

The cross section and tag fields are for advanced uses and therefore are not
discussed here.

Quantification of Survey Spectrum using Regions

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

Element Table ] Periodic Table | Input File | Exact Mass |

MName | Energy | FadHM ‘ R.5.F. |L|neSheA

Gd dp1f2 289 1 18 GLIAC
Thdp 286 1 5.83 GLIEC
Th 4p3/2 286 1 3.93 GL[3C
Ru 3d3/2 284 1 51 GLI3C
Eudpl/2 204 1 175 GLIAC
Clg 284 1 1 GLIAC
Sr3pld2 280 1 225 GLIEC
Ru2d 279 1 125 GL[3C
Ru 3d5/2 279 1 7.2 GLI3C
Re 4d3/2 274 1 E.95 GLIAC
Oz dd 273 1 177 GLIAC
05 4d5/2 273 1 105 GLIEC
< >

[ Zoom When Line Selected Find Peaks
[ Create When Line Selected -

P Create Reqions
[~ Use Library PeHM —

Clear All Elements ‘ Edit Block Species/Trans
282141 3283.01 Edit Source Analyser Angle
T +| 4T - | Overlay Linked YBs | Display Linked VBs |

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

Using the element library dialog windtjﬁl, the first step is therefore to
enable elemenimarkers for all the appropriate species within the data. The
manual route to enabling element markers involves the element table, the
left-hand pane and the mouse. With the Element Table property page top
most on the Element Library dialog window, lefick the mouse with the
cursor pointing at a peak in the data. The element table scrolls to display
those transitions with energies around the energy indicated by the mouse.
Select the most likely transition from the table on the Element Table using
the namefield.
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Element markers are placed on the data for all transitions in the element
table from the indicated element. The process is repeated for each peak in
the data until all peaks are assigned to element markers.
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Regions are created based on theximity of element markers to the peaks
in the data. In the event the energy scale needs calibrating, the calibration
step should be performed before attempting to create regions.

To calibrate the energy scale for an individual spectrum:

Select the Spenim processing dialog window

Aol =] =)

Select the Calibration property page

HEE

Differentiation l Intearation | Teot Data ] PCA l Calculator l
Proceszing Histomy Calibration l Intenziy Calib, ] Smoothing l
|

Left click the cursor pointing at the peak maximum of an appropriate peak in
the left-hand pane and enter the True energy for the indicated peak.
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Press the Apply button to calibratke spectrum in the active tile.
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Provided the peaks are within a tolerance of the element markers and the
peaks of interest are accounted for by the element markers, pressing the
Create Regions button on the Element Table property page will create a set
of regions on the spectrum.

1 1¢.F lal].aL
1 105 GELIEC
>
d Find Peakz

Create Regions

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

Clear All Elements

282141 : 3263.01

The quantification table may be repositioned on the data using the
Annotation History property page.
29
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With the Annotation History property page tapost on the Annotation
dialog window, a smalbox appears above the top leftand corner of the
annotation table.

:n:1D3

60 ] EIlslf;urne Pos.

1 Nai1s 1070.3133
Cl 2p 197.6116
50] O1s 534.8389

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

AR ¥

It is also advisable to check the quantification regions created automatically
on the data. The zoom options described above provide a means of
systematically stepping through the currengtliof quantification regions. If

the Regions property page on the Quantification Parameters dialog window is
top-most, stepping through the set of regions using the zoom options allows
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the limits for the regions to be visually inspected and adjusted unadause
control.

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

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

To create regions one at a time:

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

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

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

4. Left click the name field on the Element Table appropriate for the

transition.
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Adjust the start and end limits using the mouse or otherwise position the
region appropriately for the transition selected.
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Creating Peak Models

Constructing a peak model requires the definition of a background using the
Regions property page andehntroduction of synthetic component peaks
via the Components property page.

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

Components are created using the Element Table property page in an
analggous way to the method for creating individual regions. {cétk the
mouse with the cursor over a peak as displayed in theHaftd pane. The
Element Table scrolled list changes to display those transitions around the
energy indicated by the cursor.
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Tick the box on the Element Table property page labelled Create When Line
Selected. With the Components property page -topst on the
Quantification Parameters dialog window, lefick the appropriate name
field within the element table for the transitiordentified in the lefthand
pane.
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A peak is added to the display and the Component property page is updated.
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New peaks are added to the data where the residual is the greatest. The new
peak is therefore unlikely to appear in the correct position wispect to

the peak envelope. Using the mouse, point at the peak maximum for the
newly created peak and drag the cursor to the appropriate position for the
synthetic component.
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Repeat the process for each peak believed to be part of the model.
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Theexample involves two elements and potentially five chemical states: one
chemical state for the potassium and four for the carbon data. The two
potassium peaks are part of a double pair; therefore the RSF for the
combined pair of peaks is used when quaaétfion is performed.

While it would be possible at this stage in the peak modelling process to
press the Fit Component button on the Component property page, the

number of peaks and level of noise in the data suggests that constraints will
36
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be required toachieve a valid physical description based on-hosar least

squares peak fitting.

A peak model is defined in terms of a name field and RSF serving exactly the
same function as the name and RSF fields for regions. Fields specific to
components are therie-shape parameter and the three parameters for area,
position and full width at half maximum (FWHM) of the synthetic
component. The parameters determined in a least squares sense are the
area, position and FWHM. Constraints are available for restrictivg t
possible values for these parameters during optimisation.
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Constraints take two forms:
1. Parameter intervals offering a range of acceptable values for each
parameter adjusted during a least squares optimisation.

2. Relational constraints between parametersfrom different
components.
An interval is specified as a pair of numerical values separated by a comma:

F

L1z
1

GL[30

4432 4

0.0, 1000000C

(g
Cls
1

Relational constraints involve specifying a parameter as related to a
parameter from a second component in terms of an offset or a factor. For
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example the area ratio of two peaks from agwbital doublet pair is in theory
2:1. To impose this theoretical relationship for a potassium doublet, for
example, the following constraint forces thez2peak to be twice the size of
the 2y, peak:

Componett B I C

M ame Clz
R.5.F. 1
Line Shape L0
Area 1026.2
Area Congtr. 0.0, 10000... 0.0, 100000
frabirn T = 1% 14 1.4

Relationalconstraints are defined in terms of the column header letters, thus

to force the area of the peak in column A to be half the area of the peak in

O2f dzvyy .3 (KS O2yaiNIXAYyd SYGdSNBR Ay O2
can be defined as a factor congtrg while a position constraint is defined in

terms of an offset to a second parameter.

Componert
M arne
R.5.F.

Line Shape
Area

Area Congtr.
firahim

frabirn Corigtr.
Pozition
Poz. Constr.
Tag

Line Shapes

CasaXPS offers many different functional forms for synthetic components.
The lineshapes are specified using strings entered into the-sinape field

on the Components property page. Lisbapes are described in detail
elsewhere in the CasaXPS manual; however the most commonly used
synthetic line shapes are product Gaussdiamentzian GL(m) and sum
GaussiarLorentzian SGL(m), where m=0 is a pure Gaussidnm=100 is a
pure Lorentzian shape.

Component &, B

Mame 5i2p 34 Sidp 147

R.5.F. [1 10 I'F

Lire Shape || LA[1.4.2.10

Area 447,

drea Congtr. | 0.0, 10000... 705

firhin 0423031 0 446053

frabirn Constr, 0.5 Q0207 , ... .
Position 9590597 Il Fosition=1...
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The lineshape LA(a,b,n) offers asymmetric lsieapes based on the
Lorentzian functional form convoluted with a Gaussian.

A useful means of monitoring complex peak models is via a components
annotation table displagd over the data.
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Exporting Peak Models as Data

a1
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Peak model data are exported via the clipboard. Display the VAMAS block for
which a peak model is prepared in the active tile and press the toolbar
button. A clip board selection dialog offering a lelof data, where the table
includes columns for binding energy, kinetic energy, spectral data in CPS,
component data, the background intensities and the total synthetic
envelope. These data can be saved as aspaBed ASCII file or copiedton

the clipbard and pasted into software capable of accepting text data
through the clipboard.
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Quantification using Standard Reports

Quantification

reports are

texbased

information generated from

guantification regions and/or components defined on VAMAS blocks. Th
most common form for a quantification report is a tabulation of atomic
concentrations calculated from regions on survey spectra.
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The Report Spec property page on the Quantification Parameters dialog
window provides the means of creating quantificaticeports from VAMAS
blocks selected in the rigitand pane of the experiment frame. Creating a
guantification table from regions on a survey spectrum involves:
1. Defining a configuration file.
2. Selecting the VAMAS block in the rigisind pane of the experiment
frame.
3. Pressing the Region button in the Standard Report section of the
Report Spec property page.

B Quantification Parameters

F!egmns} Enmpnnanlsl Data Editor  Report Spec IF\PT F!epmt]

Standard Reports
Iv Use Config File
Cornps I™ Use Profile Format
Regions and Comps | Combined 'ith Tags ‘
Custom Report
Guantification Item Hames
1z
Clzp
Mals
01s

Regions | Comps | Al |
Ratio Region | Ratio Comp | Ratio Al |
Mames | Faomula ‘
trea Report | Height Repart ‘ Tag Defined Report |

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

% CasaXPS.DEF (=13
File Edit Miew Favorites Tools Help #
Q Back - () ir /.- ) search Folders mv

Address || C\Documents and Settings\Meal\My Documents\WorkingDirlCasa23150ev82YCasa23150ev32\CasakPs. DEF % a Go
#|[Z] CambinetwithTagsQuantTable bt [£] Settings.bxt

File and Folder Tasks & [Z] componentGuantTable txt [Z] spectra.txt
@ Font . kxt E1 SvntheticCompColours, bxt
l_im Rename this file [Z] Misccalaurs bxt
[y Muowe this file [Z] ParameterFile. bt
) ©opy this file ] PrintFookhiote, txt
@ Publish this File ko the [£] RegionComponentCuant Table, bxt
S'eb SFRegionQuantTable txk
() E-mail this file:
Dok bhic il I M

The keywords listed in the file RegionQuantTableatet used to arrange the
columns of the quantification report provided the Use Config Fileldak is
ticked.
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Selecting the VAMAS block in the rigiiaind pane before pressing the Region
button causes a new view into the experiment frame to appear witihie

CasaXPS window.
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The quantification table displayed in the new window can be copied through
the clipboard or saved to disk by pressing the Copy toolbar button. Once on
the clipboard, any program capable of accepting text from the clipboard may
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To return to the experiment frame displaying the spectra either switch
windows via the Window menu of CasaXPS or close the text report window.
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Similar configuration files are available tmmfiguring reports for each of the
buttons in the Standard Report Section.

Transferring Regions and Components to other Data

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

The propagation of quantification informatioto other spectra will be
discussed using an example of a depth profile performed on a Haykr
material.
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The data set consists of a set of survey spectra measured following a

sequence of etch cycles. To examine the change in composition with etch

time, the survey spectra require quantification regions appropriate for the

entire set of spectra. Ultimately, each spectrum in the profile will have
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regions defined on it and therefore minor adjustments on a specthym
spectrum basis are possible; howeverobtain a reasonably good initial set
of regions, the spectra are overlaid in the active tile so that all variations of
the peaks can be assessed whilst defining the regions.

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

Ensure the spectrum for which the regions are defined is displayed in the
active tile in the lefthand pane.
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Move the cursor over the active tile displaying the spectrum for which the
regions are defined and rigitfick the mouse. A Browser Operations dialog
window lists the set of selected VAMAS blocks. Tick the RegioHAsoticin

the Propagate secti@mand press the OK button.
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A progress dialog may appear briefly and on completion,

transferred to the selected VAMAS blocks.

the regions are
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The objective for a depth profile is to display the variation of the signal as a
function of depth. For this emple, the depth will be measured in terms of
etch-time; nevertheless, the type of report required to produce the profile
differs from the format obtained from the Standard Report. To generate a
profile as a function of time, the Custom Report section loe Report Spec
property page is employed.
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Cuztarn Report

Quantification [tem Mames
Cls
01z
Sizp
TiZp

Comps | All

| Clear
Fiatio Region ‘ Ratio Comp | Fiatio &l |
M amnes | Farmula |
Cls Cls
01s 01s
Sigp SiZp
Tigp TiZp
Area Repaort | Height Fepart | Tan Defined Repart |

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

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

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

Cuztom Report

liatific:ation [tem M ames |
Cls
01=
SiZp
Tigp
Comps | All |
Clear
F atio Region | Fatio Comp | Fatio Al ‘
M ames | Formnula |
Cls Cls
01z 0=
Sizp SiZp
Tigp Tizp
Area Report Height Report T ag Defined Report
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On pressing the Apply button in the Custom
orientated quantification report is generated.
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The text based report may be transferred through the clipboard to other
programs or plotted within CasaXPS either as a separate file or appended to
the current VAMAS file. Appending the profile data to the current file allows
cross referencing the proélto the spectra. Both options are available on the

File menu offered when the profile is tabulated.

Choosing the Add Profile menu option on the File menu adds the profile data
to the original spectra as a temporary addittdVAMAS file. The presence of
a profile file is indicated in the bottom leftand corner of the active tile.

CasaXPS Licensed to:A1 CASA - [sample_B.vms:1]
Fle Yew Window Options Select Help

01| o o | | | | e | B | | |9 | | e | ] ]| B 6] S| 2|

ces
c

Jiil

== e N R R R R A R EN PR AN A s = == =] A =
3
4050

Etch Time

Survey/289
4200

3 4350
4500
4650
4600
4950
5100
5250
5400
5550
5700
s8s0
&000
6150
6300
6450
%) 8600
o 6750
O 1 6900
2050

x10

@
o]

7200

4 7350
6 7500
1 7850
7600

Ti2p

7950
gio0
8250
8400
8550
8700
8850
2000
9150
9300
2450
9600

.
|
Si2p

[
27 (6]

— — — T T
600 500 400 300 200

| Cl+FS PROFILE | Bindiing Energy (V) 3

Tizp | sizp

=] (2 (e (o] Fol kol Fud o] o [o fu et Eo (o L] ol fo (] fud o [ O

:|lo|olele|olelo|ole|olo]
o I et o G5 O [ [ [

48



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

To switch between viewing the spectra and the profile derived from the
spectra, press Contrét8 on the keyboard. The profile view of the data set
can be used to mark a set of etch times using a cursor-alcéign coupled
with holding the Shift Key down; on switching the display to the spectra using
ControlF8, the set of etch times marked by the cursor become selected.
Similarly, a contiguous sel&n in the spectrum view will determine the
location of a cursor on the profile view of the data.
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Copying Data to a New Experiment Frame

The depth profile VAMAS file continues to only contain the spectral data
even after the Add Profile menu option ip@ied. To preserve a profile the
VAMAS blocks containing the profile traces must be copied to a new
experiment frame. The new experiment frame can be saved once populated
with the profile VAMAS blocks. To copy VAMAS blocks between experiment
frames:
1. Seletthe VAMAS blocks in the righand pane.
2. Either, create a new experiment frame using the File menu or toolbar
button, or switch focus to an existing experiment frame.
3. Press the Copy and Paste VAMAS blocks toolbar button.
4. Press the OK button on the Copglétted VAMAS blocks dialog
window.
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Annotating Spectra
Text and tables are added to spectra via the Annotation dialog window.
03| | | =] 7 ]

l
l

(uantifization ] Peak Labels ] Tent

Annotation Histaory ] Fiegions ] Components
Carnmand | Anniotation ~
annot text peak. Data 12... Cls
annot text peak Data 12, Ce 4p3/2 3
annot text peak Data 12, Ce 4p1/2
annot text peak Data 13, Ce dd
annot text peak Data 95, 0 1= w

|

4
Delete Position Type

Angle: [ " Display " Data

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

The position of the annotatioon the display is indicated by a small box next
to the annotation text. Pointing the cursor at the box and dragging the cursor
to a new position causes the annotation to move the moment the mouse
button is released.
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Modifying a piece of annotation

Annotation History list.

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

B Annotation
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Annatation History

Peak Labelz
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] Text ]
] Components ]

annot text peak Data 12,
annot text peak Data 12,
annot text peak Data 13,
annot text peak Data 95,
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Ce 4d
01z

Pogition Type

" Display

+ Data

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

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

B Annotation

FEX

[uantification ] Peak Labels ] T et ]
Annatation History l Regionz ] Components ]
= ! f\w;nn F.

annot text peak, Data B6...  Ce Lk

annal text peak Data T2, LTz

annot text peak, Data 12, Ce 4p3s2

annat tewt peak Data 12, Ce 4pl142

annot text peak. Data 13, Ce 4d w
£ >

Delete |
Angle: ||:|

Font | [ Vertical Text Apply |

Cls

Position Type

O Display + [Data

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

Auger peaks in amnergy spectrum are an indirect consequence of the
excitation of core level electrons. Subsequent relaxation of the excited state
induced by the interactions of a primary electron with an atom may result in
the emission of an electron with a characterisenergy. These Auger
electrons appear superimposed on a background of secondary and
backscattered electrons.
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The energy from the excitation source, typically an electron gun, alters the
electronic state of an atom within the surface by ejecting a conelle
electron. The relaxation of the excited state occurs as a separate event from
the core level excitation, so the characteristics of the excitation source have
no influence on the energy with which Auger electrons are ejected from the
surface. Auger eléons for an atom in a given chemical state always have
the same energy regardless of the energy imparted by the primary electron
beam or even when excited by other means such-emyg. An oxygen Auger
line, O KLL for example, appears at the same kieegcgy in a spectrum for
both electron bombardment induced Auger or XPS induced Auger, regardless
of the anode material in the-say gun.

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

Data used intte preparation of this text are kindly provided by:

Prof Bridget Rodgers (Vanderbilt University)
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Data provided courtesy of Sandia National Laboratories. All rights in the data are reserved by the US Govéaithemtthe US Government nor Sandia
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Auger peak intensities do depend on the excitation source and therefore
Auger element libraries must include relative sensitivity factors for the
specific electron gun energy used to excite the surface materia

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

Auger Electron Spectroscopy (AES) is performed using a Concentric
Hemispherical Analyser (CHA or HSA) or a Cylindrical Mirror Analyser (CMA).
The AES technique is eféd in a stanehlone form and also as a multi
technique instrument, often including XPS to complement the advantages of
AES. Sulmicron spatial resolution requires a means of isolating vibrations
and Mumetal shielding from stray electric and magnetiddee

v Concentric Hemispherical
Analyser

Auger, SEM and

XPS Instrument Xray Gun

Monochromator

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

Quantification of AES Data

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

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

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

Differentiation of Spectra

Differentiating data in whit noise is a component requires the use of a more
subtle approach than Newte@otes differentiation. A least squares approach
attempts to mitigate the influence of noise on the resulting derivative.

Savitzky-Golay Method

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

p(x) = ag + a;x + a,x?
where the coefficientsay a; and a, are determined from the simultaneous
equations in which the abscissas the index for the data bin; the origin is
always placed at the central data bin, thus the abscissa values corresponding
to each of the data bins afe2,-1, 0, 1, 2}
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Aa=d

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

ATAa = A"d
Since M\ is a square symmetric matrix of rank three, the coefficient veator
is determined from[A'AJ"A, the top row of which yields the prescription for
computing the value of,, hamely:

ag = [SO,SI,SZ,S3,S4] do

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

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

Direct spectra are converted to differentiated spectra using the Spectrum
Processing dialog window.

n]l=1l= B Ak

B Spectrum Processing

Proceszing Histary ] Calibration ] |ntenzity Calib. ] Smoothing ]
Differentiation l Integration ] Test Data ] PCA ] Calculator ]
b ethod Smoothing 'wfidth

+ 5G Quadratic || |5

™ SGE Quartic
[ Apply to all conresponding variables Apply
|Diff SG D2 P5)

The Differentiation property page on the Spectrum processing dialog
provides a choice of two Savitzky Golay methods and a smoothing width
value. The parameters used in the Savitzky Golay differentiation option
depend on the source of the relative sensitiviactors used to quantify the

data. For example, the set of RSFs in Appendix C of Briggs and Grant are
designed for data acquired using an energy step size of 1 eV and
differentiated using a 5 point quadratic Savitzky Golay differentiation
method. Matching e acquisition step size and Savitzky Golay parameters is
important because these influence the petkpeak height determined for

an Auger peak. Consider a Gaussian peak with a FWHM of 7 eV tabulated at 1

eV and 0.5 eV stepizes:
61



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

= gaussian fwhm 7 step 0.5ev.tsf
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If differentiated usiig a 5point quadratic Savitzky Golay method the peak
peak measurement for the same functional form differs by 10%.

= gaussian fwhm 7 step 0.5ev.tsf
+ gaussian fwhm 7 step 1ev.tsf
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The FWHM uwed for the Gaussian is typicad an oxygen KLL peak. The scale

of the difference between peato-peak intensities for peaks of different

FWHM when measured using different stgpges also varies. A petikpeak

intensity for a peak with FWHM 10 eV when measured using 1 eV and 0.5 eV

and differentiated using a-point Savitzky Golay method differs by 5%.

The RSFs in Briggs and Grant are specified for a 4 eV energy interval

numerical differentiation. In principle data acquired at 0.5 eV should
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therefore be differentiated using aoint Savitzky Golay method, while data
acquired at 1 eV would require agoint Savitzky Golay differentiation. While
matching the number of points used in the Savitzky Golay method to the
step-size can improve the acquisition stsjze dependency, the test pkeaf
FWHM 7 eV still results in a 1.8% difference in gegkeak height when
tabulated at 0.5 eV steps and differentiated with g@&nt quadratic Savitzky
Golay than when tabulated at 1 eV and differentiated with gooit
guadratic method.

Converting Direct Spectra to Differentiated Spectra

To convert a spectrum from direct form to differentiated form:
1. Display the spectrum in the active tile.

Etch Time [5] | &E... | AE... | ®P... | AL, [Er... | Moo, | ¢
0 [BE... | AE... |%F... | ALL | ErL | Mo
120 AL 1 Mo
240 AL1 | Erl | Mo
360 AL1 | Erl | Mo
430 O & |=|&| =) AL1 | Eri | Mo
600 A1 | Erl | Mo

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

kethod Srnoathing ‘width
f¢ 5G Quadratic |5

" 506G Quartic

63



CasaXPS Manual3.15 Rev 1.0 Copyright© 2009 Casa Software Ltd

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

M Spectrum Processing E||E|E|

Differentiation ] Inteqgration ] Tezt Data l PCA ] Calzulatar ]
Processing Histary l Calibration ] Intenzity Calib. l Smonothing ]
Processing Camrmand
Diff 5G D[2] P5)
£ >

Reset | Apply Selection | Propagate Flag |

dndo | FRemove |

Reset &l

Onlythe spectrum in the active tile is affected by the Differentiation property
page. When other spectra are included in the experiment and also require
differentiation, the processing performed on the spectrum in the active tile
can be propagated to data ssted in the righthand panes of the
experiment frame as follows:

1. Display a spectrum in the active tile for which the differentiation
operation is already performed and the Processing History property
page displays the text string for the differentiatiorsiruction (e.g. Diff
SG D(2) P(5)).
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2. Select the data blocks in the rightind pane for which the
differentiation operation is also required.
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3. Place the cursor over the active tile in the afind pane and invoke
the Browser Operations dialog window bght-click the mouse
button.

The Browser Operations dialog window lists those VAMAS blocks selected in
the righthand pane of the experiment frame and offers a set of-bokes
which specify the type of information to be propagated from the VAMAS
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